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Abstract

:

The study presents four cases of camouflage treatment of skeletal Class III with occlusal asymmetry in adult patients. Cephalometric analysis was performed using two different reference lines, S-N and FH. The treatment was carried out without the use of additional fixed appliances, no extraoral elastics for maxillary protection, and no extraction of teeth in the mandible. In addition to the characteristic elements and archwires taken from the Ricketts technique, NiTi, TMA, Wilcock archwires, Class III asymmetric intraoral elastic and criss-cross as well as individualized biomechanical systems were used. It has been proven that mild and moderate skeletal Class III with occlusal asymmetry can be treated with orthodontic camouflage, without additional fixed appliances for expansion or protraction of the maxilla. Moreover, it has been shown that it is possible to effectively treat this defect without extracting the teeth in the mand.
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1. Introduction


Skeletal Class III is a disorder that occurs relatively often among the population of the Far East, where its incidence reaches even 19% [1], while in the Caucasian race it ranges between 1.5 and 5% [2]. Despite the lack of detailed population data on the frequency of asymmetry in this malocclusion, according to Yuan et al. [3], it is 31% in patients with mandibular prognathism. The asymmetric form of Class III may be confined to the dental-alveolar part but may also coexist with the asymmetric structure of the skull base.



Patients with asymmetric skeletal Class III require careful and unconventional orthodontic treatment. The increased expectations of these patients are confronted with actual therapeutic possibilities, concerning both changes in occlusal conditions and facial features. Due to the phenotypic diversity of skeletal Class III [4], in adult patients with such a malocclusion, it is possible to abandon the routine treatment scheme, which often requires tooth extraction in the mandible [5], and scope it out through the prism of (a) thorough diagnosis of the main malocclusion, (b) the cause, degree, and scope of the asymmetry, and (c) the type of frequently coexisting with malpositioned teeth.



1.1. Aim of the Study


The study aimed to present four examples of an effective camouflage treatment of the skeletal Class III with occlusal asymmetry, without performing extractions in the mandible and without the use of additional fixed appliances, thus relatively simple mechanically and easily agreed to by the patients. In all the cases presented in the article, after visualizing the differences between the results of orthodontic and interdisciplinary (orthodontic and surgical) treatments, patients have chosen the no-surgery one. The treatments were carried out in 2010–2012.




1.2. Ethical Committee


This paper required no ethical committee approval because the study was not conducted on human beings but their radiograms. The treatment process is presented not in the form of the original studies, but a description of cases treated with an ethically accepted orthodontic method, the use of which requires no extra consent of the ethical committee. The presented cases were treated applying practical and widely accepted biomechanics, with clinical tips aimed at solving the problem of asymmetry.





2. A Case Series Presentation


To present the data, selected results of the cephalometric analysis of the initial cephalometric X-rays of all patients presented in the article were summarized in Table 1.



Key: F (°)–Facial angle, the angle between NPg line and the Frankfurt Plane (FH); XY (°)–Facial Axis angle, the angle between the Ricketts facial axis and the NBa line; NSBa (°)–skull base angle, the angle between SN and SBa lines; A: N-Pg (mm)–maxillary convexity, distance from the Downs point A and the NPg line; SNA (°)–Se-N-A angle; SNB (°)–Se-N-B angle; ANB (mm)–difference between SNA and SNB angles; Wits (mm)–the distance between the projections of points A and B Downs on the occlusal plane; Mx / MP (°)–base angle; FMA (°)–angle between the FH line and the base of the mandible (MP); SN / MP (°)–angle between the SN line and the base of the mandible (MP); SN / FH (°)–angle between the line SN and FH; IMPA (°)–angle between the axis of the lower incisor and MP; UI / XY (°)–angle between the axis of the upper incisor and the XY axis; OJ (mm)–overjet; Sn (mm)–the distance between the sub-nasal region (Sn) and the Ricketts aesthetic line (E); UL (mm)–the distance between the most protruding point of the upper lip and the Ricketts aesthetic line (E); LL (mm)–the distance between the most protruding point of the lower lip and the Ricketts aesthetic line (E)



The measurements were performed using the Ricketts method and some measurements were taken from the Steiner and Tweed analysis (Figure 1.)



Key: SN–Sella-Nasion line; FH–Frankfurt horizontal plane; XY line–facial axis; UI and LI lines–long axes of maxillary and mandibular incisors, respectively; Mx, Oc, and Mp–maxillary, occlusal and mandibular lines, respectively; E–Rickett’s aesthetic line.



2.1. Patient KK, 26 Years Old


Diagnosis


The extraoral examination made it possible to recognize the retraction of the subnasal area, without the features typical of severe mandibular prognathism, without smoothing the mento-labial fold. Based on the intraoral examination, a narrowing of the upper dental arch, right-sided Angle Class III, partial lack of space for tooth 13, and a reversed overjet was found (Figure 2a–c). The analysis of the cephalometric X–ray allowed the diagnosis of maxillary retrognathism and skeletal Class III (Figure 2d).





2.2. Treatment Plan and Process


The treatment aimed to create a place for tooth 13 and bring it to the dental arch, as well as Class III camouflage in the form of a traumatic bite elimination, and to obtain at least a partial occlusal standard. Therapy was commenced with lengthening the upper dental arch with an expansive stainless steel 0.016 × 0.016″ utility (Elgiloy blue, Rocky Mountain Orthodontics, Denver, CO, USA). It was used for the first seven months of treatment in combination with segmented archwires without bracing on the lower teeth (Figure 3a–c). In the eighth month of treatment, the basic archwire was replaced with continuous NiTi arches with diameters 0.012“ and 0.014″, respectively, with which the lateral sections of the upper dental arch were widened, and tooth 13 was brought to the place created as a result of forwarding movement of the upper incisors. At the same time, an appliance for the lower teeth was placed and a triangular intraoral elastic on the right side was inserted immediately, covering the following teeth: 44, 13, and 43 (diameter 1/8″, heavy). After 8 weeks, it was replaced with a single-sided, long, Class III elastics (1/4″ diameter, heavy). After lining the lower teeth with NiTi archwires with diameters of 0.012″ and 0.014″, respectively, a steel archwire 0.016 × 0.016″ (Elgiloy blue, Rocky Mountain Orthodontics, Denver, CO, USA) was used with a lingual torque root of the incisors. Active treatment was completed with the ideal archwires (Elgiloy yellow, Rocky Mountain Orthodontics, Denver, CO, USA). The final results of the therapy, which lasted 30 months, are presented in Figure 4a–c. Comparing the initial and final photos, it can be concluded that not only the impacted tooth 13 was inserted into the dental arch, but the occlusal norm was achieved by restoring the correct overjet and Angle Class I on the right side, while keeping Angle Class I on the left side.





3. Patient IG, 18 Years Old


3.1. Diagnosis


The extraoral examination revealed a straight profile with a slightly recessed subnasal area. Based on intraoral examination (Figure 5a–c), a narrowed upper dental arch, a total crossbite with an inverse overjet, Angle Class III and canine Class III on the right side, and a 4 mm shift of the centerline of the upper dental arch to the right were found. The analysis of the cephalometric X-ray revealed the coexisting retrusion of the upper incisors (Figure 5d).




3.2. Treatment Plan and Process


The treatment aimed to widen and extend the upper dental arch, achieve its symmetry and restore Class I (Angle and canine) on the right side with the use of elastics. Ricketts technique was used in the treatment. After 4 months of widening the upper dental arch with the Utility archwire, it was replaced with a wide continuous NiTi archwire 0.017 × 0.025″ and then a TMA 0.018 × 0.022″. At the same time, the braces were fitted to the lower teeth, initially only in sections from teeth 46 to 43, and long right-sided Class III intraoral elastics (1/4″ diameter, heavy) were introduced immediately. In the fifth month of treatment, the remaining part of the appliance in the lower dental arch was set up and the patient was advised to wear elastics on both sides. His discipline in this matter and, at the same time, non-compliance with the planned dates of follow-up visits led to visible hypercorrection (Figure 6a–c). After the use of elastics was discontinued, Angle Class I and a positive overjet were obtained. Unfortunately, at the same time, there was a narrowing of the upper dental arch in the lateral sections, therefore, in the 18th month of treatment, criss-cross elastics were used from the palatal surface of teeth 16 and 26 to the buccal surfaces of the teeth—46 and 36, respectively. The treatment was completed after 30 months, and the correct results were obtained—occlusion and proper width of the upper dental arch (Figure 7a–c).





4. Patient PJ, 46 Years Old


4.1. Diagnosis


During the extraoral examination, a concave maxillary profile with a retraced sub nasal area and a shortening of the maxillary section was found. The functional test was negative. Intraoral examination revealed narrowing of the upper dental arch, severe negative overjet, deepened Spee curve (extrusion of lower incisors, i.e., deepened overbite), and bilateral Angle Class III (Figure 8a–c). After the analysis of the cephalometric X-ray, skeletal Class III was found, resulting from the underdevelopment of the maxilla, along with mandibular prognathism and upper and lower incisors retrusion (Figure 8d).




4.2. Treatment Plan and Process


The treatment aimed to improve the occlusal conditions by obtaining the correct overjet and overbite, as well as correct occlusion of the teeth in the lateral sections. It was planned to widen the upper dental arch, intrude the lower incisors and eliminate dental malposition. Treatment began with the simultaneous setting of an upper expansive 0.016 × 0.016″ utility archwire (Elgiloy yellow, Rocky Mountain Orthodontics, Denver, CO, USA) and a modified Schwarz removable appliance on the lower dental arch. The modification consisted of a slight enlargement of the acrylic behind the lower incisors, creating a small flat surface and removal of the labial bow. The patient’s strong motivation and understanding of the potential dangers of not wearing braces allowed the use of it as a removable appliance. After the first three months of treatment, the remaining brackets in the upper dental arch were fitted, a basic expansive archwire was several times activated (also thermally), replaced with a continuous NiTi archwire, first with a diameter of 0.016″, then with 0.016 × 0.016″. After seven months of treatment, four brackets were fitted on the lower incisors and a segmented archwire was placed, fixed in the slots with a figure-eight ligature to block them. A month later, the remaining brackets of the lower appliance were fixed. After 12 months of treatment and the use of intraoral criss-cross elastics, an Australian archwire (Wilcock) with a diameter of 0.018″ was placed in the upper dental arch, which was to stabilize the obtained width of the dental arch. From that moment on, there began the correction of the position of the upper canines with the use of medium chains elastics and the mesialization of the upper premolars and molars. After 18 months of treatment, at the request of the patient, satisfied with the result, it was decided to discontinue the active phase (Figure 9a–c).





5. Patient BB, 30 Years Old


5.1. Diagnosis


During the external and intraoral physical examination, a straight jaw profile and hypotension of the upper lip were found, as well as partial anterior open bite, underjet, narrowing of the upper dental arch, asymmetrical positioning of the teeth in the upper dental arch causing the centerline to shift by 3 mm to the right, palatopositioned tooth 15 with a complete lack of space for this tooth, along with persistent infantile swallowing (Figure 10a–c). After the analysis of the cephalometric X-ray, the patient was diagnosed with skeletal Class III, mainly due to maxillary retrognathism (Figure 10d).




5.2. Treatment Plan and Process


The treatment aimed to obtain the correct bite by expanding the upper dental arch, obtaining the correct overjet and overbite, leveling the asymmetry, and simultaneously introducing tooth 15 into the dental arch. Next, it was planned to obtain a canine Class I relationship, close the diastema and eliminate the open bite, together with learning and consolidation of the correct respiratory and muscle habits.



The treatment started with ligating the upper and lower 0.014″ NiTi arches wires. After two months, NiTi archwires 0.016 × 0.016″ were introduced, and after another three ones a basic utility archwire 0.016 × 0.016″ (Elgiloy blue, Rocky Mountain Orthodontics, Denver, CO, USA) with lateral segmented archwires was used. Before that, however, as a result of widening the upper dental arch with continuous NITI archwires, enough space was recovered for tooth 15. An additional 0.012″ NiTi archwire, tied piggy-back began to introduce this tooth into the occlusion. Originally, the bracket on UR5 was glued right next to its chewing surface. Six months into the treatment, Wilcock’s archwire 0.016″ was introduced together with a system of elements that interacted with each other—a Class III elastics and a passive spring. This mechanism aided mesialization of tooth 13 when the elastic was worn and moved it towards the mesial part of tooth 12, and aided the recovery and then the maintenance of Angle Class I on the right side (Figure 11). The next sequence of photos shows the final process of introducing tooth 15 into the dental arch and closing the gap next to 13, created thanks to utility archwire and after diastema closure (Figure 12, Figure 13 and Figure 14). The treatment was completed after 36 months, and the following photos show its final result (Figure 15a–c). On the left side (Figure 15c), there is a noticeable tendency for bite opening as a result of persistent infantile swallowing. The extended duration of treatment with fixed braces did not bring the expected improvement of this habit, so it was decided to use a Schwarz removable retainer with a tongue crib.





6. Discussion


Virtually every detailed diagnosis of skeletal malocclusion, including Class III, is based on the analysis of the cephalometric X-ray, despite the lack of clear scientific evidence for the usefulness of this diagnostic technique [6]. The strategy of using various planes and reference lines adopted in the current study was aimed at reducing the risk of making a mistake when marking measurement points on the cephalometric X-rays, which in turn was to reduce the risk of taking wrong therapeutic decisions.



According to the results of the Ricketts analysis, all patients in our studies were characterized by skeletal Class III. The skeletal measurements indicated a different degree of mandibular prognathism, because in each case the Downs facial angle was greater than 90°, regardless of the position of the upper jaw [4]. In all our patients, point A was also behind the Nasion–Pogonion (N-Pg) line, so the linear parameter describing the relation of this point to the N-Pg line was always negative. Nevertheless, analysis of the cephalometric X-rays using the Steiner approach did not give such unambiguous results. Only in patients KK and PJ did the SNB angle indicate a protruded position of the mandible, whilst the SNA angle in those patients was within the generally accepted norm [1]. The presented difference in the diagnosis of a skeletal malocclusion may be related to the greater differentiation of the inclination of this line, raised in orthodontic literature, for example, individual variability of Nasion point position, which reduces the reliability of the S-N line—compared to the FH line—in determining the antero-posterior position of the maxilla and mandible and the associated malocclusion [7]. This is confirmed by the research of Ricketts et al. [8] and Ricketts and Langlade [9], emphasizing the low stability of the S-N line compared to the FH references line. Schulhof [10] had a similar opinion, stressing that this lability is particularly evident in skeletal Class III cases when determining the antero-posterior position of the mandible and maxilla. Bourriau et al. [11], claimed that the determination of the points that make up the Frankfurt FH plane is burdened with a greater number of errors than the determination of the S-N line, which is a significant reason to use the S-N line for the analysis of the cephalometric X-ray instead of the FH reference line. Indeed, the S-N reference line is much more commonly used than the FH reference line to establish the relationship between the maxilla and the mandible. Proffit [5], like Bourriau et al. [11], explains the difficulties in locating the Porion point and recommends the use of the S-N line with an appropriate correction. Currently, however, this view seems a bit anachronistic due to the development of modern imaging techniques, which provide much more precise possibilities of locating structures and measurement points on cephalometric X-rays.



The diagnostic significance of the S-N line in the case of suspicion of Class III is also emphasized by Beltrao [12], according to which the value of the NSBa angle (Nasion-Sella-Basion) is closer to 120° indicates skeletal Class III. This is also confirmed by the meta-analysis of the NSBa cranial base angle value and its correlation with the anterior–posterior malocclusion, conducted by Aixiu Gong et al. [13]. It proved—based on analysis of approximately 3000 cases—that in almost 25% (n = 730) of patients with Class III there is a negative and statistically significant correlation between the NSBa angle and the dominance of indices characterizing negative overjet. The strength of this correlation is confirmed by the fact that in one of our patients KK—despite the lack of obvious Class III teeth and extraoral features—the lowest value of the NSBa angle was found.



Regarding the Class III asymmetric therapy, in 2010, Janson et al. [14] described a relatively simple and minimally invasive method, without extraction and the use of additional intra or extraoral appliances. It was inspiring for us, because it stood in clear opposition to the prevailing “arms race” in the search for more and more sophisticated and complicated systems aimed at improving the effectiveness of treatment of skeletal Class III, resulting in a large variety of techniques and methods used in the treatment of the discussed malocclusion.



Already at the turn of the 1960s and 1970s, Dr. Rolf Frankel [15] developed a system of innovative, removable appliances called functional regulators, of which type III was intended for the treatment of a reversed overjet. The wide side shields and the vestibular pads stimulated the formation of bone tissue as a result of pulling the oral vestibule mucosa at the border of its movable and immovable parts, which resulted in a favorable remodeling of the jaws. In addition, the active effect of the wire elements of the appliance on the teeth supported the entire treating process of jaws’ underdevelopment [16]. Unfortunately, this therapeutic success was and is strictly dependent on the cooperation of most adolescent patients, as is the case with any removable appliance. Simultaneously, with the evolution of functional regulators, scientific research was carried out confirming the effectiveness of the use of extraoral appliances for the treatment of Class III. The chin cup, which was first described in 1803 [17], returned to the world of modern scientific studies at the beginning of the 1970s [18]. Then, thanks to the studies by Graber [19] and Wendell et al. [20], along with the individual Delaire face mask often used together with intraoral devices for rapid expansion of the upper jaw (RME), it became a permanent fixture in the canon of instruments used in the treatment of Class III in adolescent and adult patients [21,22,23,24]. Baccetti et al. [25], by comparing the effectiveness of RME associated with a face mask (FM) to a reverse headgear (MCH), proved that the first system is more appropriate, in the case of maxillary retrognathia, and the second—in the case of mandibular prognathism. An interesting way to use RME was proposed by Liou EJ and Tsai WC. They proved that alternating—in appropriate time intervals—expanding and constricting the two-hinge appliances intended for RME together with the use of a face mask results in a more effective protraction of the upper jaw than one direction expanding of the screw [26]. The effectiveness of this protocol is confirmed by the results of the studies by Franchi et al. [27] and Sycinska-Dziarnowska et al. [28]. On the other hand, the fact that in the treatment of skeletal Class III it is not always necessary to use the protraction appliance and the jaw widening at the same time was proved by Vaughn et al. [29], who, when examining 45 adolescent patients, found no significant differences between the results of treatment of patients with RME/FM and FM alone.



Currently, many researchers describe the use of micro-implants—Temporary Intraoral Skeletal Anchorage Devices (TISAD) in the treatment of Class III, including its severe, and therefore asymmetric, forms. TISADs are used as fasteners for (a) Class I elastics activating the individual mechanism of lower molar retraction [30], (b) Class III elastics [31], and (c) individual extraoral devices for maxillary protraction [32]. An interesting treatment of an asymmetry case with the use of TISAD and without extraction, but with an inter-proximal reduction (IPR) of the enamel was described by Tseng et al. [33] in 2016. Using self-ligating brackets and micro-implants fitted unilaterally under the zygomatic arch for side segment retraction, they obtained a change in the ANB angle by 5° (from −3° to 2°) and symmetrically positioned equal dental arches. Regardless of the undisputed benefits of using absolute anchorage in the treatment of skeletal malocclusions [34], supporters of skeletal Class III treatment without TISAD seem to agree that the Carriere’s CM3 (Carriere Motion Class III) appliance [35], as well as the multiloop edgewise arch wire (MEAW) technique, are among the least burdensome for the patient, and at the same time effective treatment methods. The aforementioned CM3 appliances are activated by long, Class III elastics, stretched between CM3 and the upper molars. They do not require upper fixed braces and are replaced by the 1 mm Essix splint. Such a hybrid allows for very good results, also in patients with permanent dentition [36]. As for MEAW, already in 1994, Sato [37] presented four cases of the effective use of this technique in the treatment of skeletal Class III treatment with enlarged base angle, without the use of additional fixed appliances, but with molar extractions. At the same time, he criticized the use of Class III long elastics, demonstrating greater effectiveness of short elastics. Twenty years later, He et al. [38], who also used the MEAW technique for Class III treatment, showed a beneficial effect of long intermaxillary elastics, but in patients with deepened vertical bite and reduced base angle. Researchers divided 44 patients into two almost equal groups, where in the first group they used intraoral elastics attached to TISAD placed between teeth 16 and 17 and 26 and 27, and in the second—on teeth 17 and 27. They obtained a very good treatment result in all patients. The only differences were an average of 4.5 months longer treatment duration in the first group and the loss and need for re-implantation of TISAD in the second group.



The necessity of extracting molars to reconstruct the occlusal plane and reposition the posterior part of the mandible during MEAW treatment was questioned by Rubin [39]. On the other hand, however, he complemented the very good results of Class III treatment with this technique and suggested that they could also be obtained using, for example, a continuous TMA archwire, due to its greater resilience. The fact that the occlusion plane can be reconstructed with continuous NiTi archwires and without extraction was proved in 1999 by Kucukkeles et al. [40]. Gurgel et al. in their work described the effective widening of the jaws with the use of an additional TMA archwire [41]. In the current study, similar mechanisms in the presented cases were used, where instead of numerous loops, continuous archwires with high resilience were used, in addition to Utility archwires with segmented archwires of reduced stiffness, characteristic for the Ricketts technique. The Ricketts utility archwire is—due to its structure and chemical composition of the alloy from which it is made—intended for tooth movements in the anterior sector of the dental arches [42]. This set (utility and two segmented lateral wires) is very useful where dental malpositions in the lateral sections coexist with an underjet, and additionally when the incisors are in retrusion. The use of the Australian archwire in some of our patients, which is characterized by high stiffness and hardness due to the relatively high proportion of carbon atoms in its composition and which provides little resistance during the sliding movement of the brackets [43], made it possible to use chain elastics without fear of uncontrolled narrowing of the dental arches or the undesirable extrusion of the upper molars when long Class III intraoral elastics were used.



The treatment plan in each of our cases assumed no extraction in the lower dental arch and provided for the extension of the upper dental arch with the use of highly flexible TMA and NiTi archwires. The justification of waiving extractions in lower dental arches is the fact that—apart from the restrictive use of the MEAW protocol and Proffit’s guidelines [5]—there are virtually no other reports explicitly obliging extraction in the inoperable treatment of skeletal Class III. On the contrary, over the last 20 years, when analyzing selected publications in which the course of treatment of a group of several dozen patients was analyzed, there is a noticeable trend that reduces the need for extraction of lower premolars in this type of therapy. When Lin and Gu [44] presented their 2003 publication in which camouflage treatment was implemented in a group of 18 patients with skeletal Class III, 66.6% of them required extraction. Then, 12 years later, in 2015, indications for extraction still dominated, because they were performed in 58% of cases [45]. In 2018, in a group of 36 patients, thus twice as large as in the work of Lin and Gu [42], the percentage treated with the camouflage method with premolars extractions decreased significantly to 16.6% [46].



Our recommended use of Class III long extracts, of various strength and trajectory, or the implementation of non-standard, individual biomechanical systems, simple in their design, but effective and useful—especially in the treatment of the observed asymmetry in the positioning of the teeth—was aimed at simplifying the treatment process thanks to reducing the need for a face mask or other additional fixed appliances/expanders.



The examples of various procedures in the treatment of skeletal Class III with occlusal asymmetry presented in the discussion confirm that the therapeutic procedure in the cases of camouflage presented in this article not only complies with the “primum non nocere” principle but also meets modern therapeutic standards. The positive result of the treatment of the presented cases shows that there are many different methods of dealing with this complicated and difficult to treat a malocclusion. The current study has proved that by using a diverse range of techniques and orthodontic archwires, as well as by using individual biomechanical solutions, very good therapeutic results can be obtained. As was mentioned in the introduction, the phenotypic form of asymmetric skeletal Class III is so diverse that there exists no universal method of its treatment. Therefore, creating a priori obligatory schemes, e.g., removing teeth in the lower dental arch or using additional devices supporting treatment, in some situations may be an incorrect or at least unnecessary assumption.




7. Conclusions


The presented and successfully treated Class III cases with occlusal asymmetry prove that neither tooth extractions nor the use of additional intra- and extraoral elements is the condition sine qua non for obtaining a very good occlusion. Moreover, they should not be used without a detailed analysis of the skeletal parameters, in addition to different, and not just one, reference lines. The key to success in the treatment of this malocclusion, additionally complicated by asymmetry, is the use of individual therapeutic solutions at the material, biomechanical and conceptual levels. Skillful use of the utility archwire for the Ricketts technique allows for anterior–posterior extension of the anterior segment of the maxilla without deflecting the incisors. Moreover, the use of different types of archwires, low friction technique, long and short unsymmetrical elastics, as well as individual biomechanical systems increase the chances of therapeutic success of this complicated malocclusion.



Finally, it should be underlined that the choice of the treatment method should only be made after the differences between skeletal Class III treatment have been carefully explained to the patient, either employing camouflage or using interdisciplinary surgical and orthodontic procedures. Only then can you get an understanding of the compromise, fully accept the proposed treatment plan, and together enjoy success.




8. Limitations


The lack of all the photos documenting the treatment process may be considered as a minor drawback of this paper. However, the aim of this work was not to present stage-by-stage treatment leading to normal occlusion. Instead, it was focused on key phases serving as good clinical tips for orthodontic practitioners. Furthermore, “overloading” the paper with pictures bringing nothing new or spectacular from the clinical point of view was not the aim of the case series demonstrated in the current study.
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Figure 1. The reference points and lines applied in the cephalometric analyses. 






Figure 1. The reference points and lines applied in the cephalometric analyses.
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Figure 2. Patient KK’s initial records. Intraoral pictures: (a) right side, (b) en face, (c) left side, and (d) lateral cephalogram. 
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Figure 3. Patient KK’s Utility archwire stage. Intraoral pictures: (a) right side, (b) en face, (c) left side. 
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Figure 4. Patient KK’s final stage. Intraoral pictures: (a) right side, (b) en face, (c) left side. 
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[image: Symmetry 14 00316 g004]







[image: Symmetry 14 00316 g005 550] 





Figure 5. Patient IG’s initial records. Intraoral pictures: (a) right side, (b) en face, (c) left side, and (d) lateral cephalogram. 
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Figure 6. Patient IG’s records. Just before when intraoral elastics were getting off the teeth. Intraoral pictures: (a) right side, (b) en face, (c) left side. 
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Figure 7. Patient IG’s final stage. Intraoral pictures: (a) right side, (b) en face, (c) left side. 
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Figure 8. Patient PJ’s initial records. Intraoral pictures: (a) right side, (b) left side, (c) left side, and (d) lateral cephalogram. 
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Figure 9. Patient PJ’s final stage. Intraoral pictures: (a) right side, (b) en face, (c) left side. 
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Figure 10. Patient BB’s initial records. Intraoral pictures: (a) right side, (b) left side, (c) left side, and (d) lateral cephalogram. 
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Figure 11. Patient BB’s intermediate stage. Launching of long class III elastic. Intraoral picture: side right. 
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Figure 12. Patient BB’s intermediate stage. Triangle class III elastic and a passive spring were added. Intraoral picture: side right. 






Figure 12. Patient BB’s intermediate stage. Triangle class III elastic and a passive spring were added. Intraoral picture: side right.
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Figure 13. Patient BB’s intermediate stage. Retention of canine I Class and beginning of introducing 15. Intraoral picture: side right. 
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Figure 14. Patient BB’s intermediate stage. Retention of both canine I Class and 15 in right place. Intraoral picture: side right. 
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Figure 15. Patient BB’s final stage. Intraoral pictures: (a) right side, (b) en face, (c) left side. 
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Table 1. Results of the initial ceph-analyses Cephalometric measurements.
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	Patient KK
	Patient IG
	Patient PJ
	Patient BB





	F (°)
	94.4
	94.1
	95
	91



	XY (°)
	90.0
	85.8
	95
	91



	NSBa (°)
	114
	128
	125
	130



	A:NPg (mm)
	−5.28
	−0.5
	−11
	−8



	SNA (°)
	81.8
	79.4
	80
	73



	SNB (°)
	85.8
	80.2
	87
	79



	ANB (°)
	−4
	−0.8
	−7
	−6



	Wits (mm)
	−7.31
	−3.33
	−13
	−5



	Mx/MP (°)
	23.8
	31.6
	11
	18



	FMA (°)
	23.5
	25.3
	14
	20



	SN/MP (°)
	28.8
	39.6
	21
	30



	SN/FH (°)
	6.7
	15
	5
	10



	IMPA (°)
	85.5
	89.8
	72
	86



	UI/XY (°)
	0
	−8.4
	−13
	−9



	OJ (mm)
	−1,5
	−2
	−7
	−3



	Sn (mm)
	−15
	−12
	−32
	−21



	UL (mm)
	−11
	−9
	−28
	−17



	LL (mm)
	−6
	−4
	−9
	−12
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