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Abstract

:

Animal bodies in general and faces in particular show mirror symmetry with respect to the median-sagittal plane, with exceptions rarely occurring. Bilateral symmetry to the median sagittal plane of the body also evolved very early. From an evolutionary point of view, it should therefore have fundamental advantages, e.g., more effective locomotion and chewing abilities. On the other hand, the recognition of bilaterally symmetric patterns is an important module in our visual perception. In particular, the recognition of faces with different spatial orientations and their identification is strongly related to the recognition of bilateral symmetry. Maxillofacial surgery and Dentistry affect effective masticatory function and perceived symmetry of the lower third of the face. Both disciplines have the ability to eliminate or mitigate asymmetries with respect to form and function. In our review, we will demonstrate symmetric structures from single teeth to the whole face. We will further describe different approaches to quantify cranial, facial and dental asymmetries by using either landmarks or 3D surface models. Severe facial asymmetries are usually caused by malformations such as hemifacial hyperplasia, injury or other diseases such as Noma or head and neck cancer. This could be an important sociobiological reason for a correlation between asymmetry and perceived disfigurement. The aim of our review is to show how facial symmetry and attractiveness are related and in what way dental and facial structures and the symmetry of their shape and color influence aesthetic perception. We will further demonstrate how modern technology can be used to improve symmetry in facial prostheses and maxillofacial surgery.
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1. Introduction


A large proportion of Eumetazoa shows a bilaterally symmetric body plan. Though adult echinoderms develop pentameral symmetry, they are bilaterally symmetric at least at their larval stage [1]. Exceptions, especially with regard to the head and face, are rare. Recent studies indicate that cranial asymmetry in flatfish seems to have evolved within a short time (approximately 3 million years) as an adaptation to lying on one-half of their body on the seabed [2]. Therefore, bilateral symmetry of the body obviously is an advantageous property in general.



Bilateral symmetry can be seen as a necessary prerequisite for well-proportionedness, since bilaterally symmetrical structures have equal dimensions (1:1 proportion). Asymmetrical faces, therefore, are also disproportioned by definition. On the other hand, bilateral symmetry is not a sufficient condition for well-proportionedness, since the property of bilateral symmetry does not impose any conditions on proportions in the direction of the plane of symmetry. In early mammals, the evolution of molars, premolars, canines, and incisors from haplodont origins has taken place mirror-symmetrical on both sides and equally in the maxilla and mandible. In humans, two incisors, one canine, two premolars and three molars are equally positioned on both sides of the upper as well as of the lower jaw. Eruption time of deciduous and permanent teeth exhibits bilateral symmetry with only minor deviations. However, there is no exact mirror symmetry to the horizontal occlusal plane with regard to maxillary and mandibular teeth in terms of size, shape, angulation and eruption time [3,4,5]. A single tooth exhibits only limited mirror symmetry along a mesiodistal or oral–vestibular axis.



In dentistry, bilateral symmetry is usually presumed as beneficial. The self-evidence with which bilateral symmetry is taken for granted can be well judged by the fact that articulators are usually bilaterally symmetrically constructed and mean values of condylar movement are set symmetrically, unless individual data are available [6].



However, especially during the last two decades, new technologies have been introduced and enhanced 3D treatment planning and implementation. This includes facial, intraoral and cast scanning technologies, cone beam-computed tomography and digital technology capable of 3D data processing with respect to bilateral symmetry. Titanium mini-implants have improved the possibility to focus orthodontic treatment on one side of the upper dental arch; individually custom-made implants can be planned and fabricated to augment or replace missing or underdeveloped bony structures; distraction osteogenesis enables treatment to be performed until a symmetric condition is achieved; and prosthodontic appliances can be designed by mirroring the healthy to the affected side.




2. Symmetry Perception and Aesthetic Judgement


Recognizing symmetry is a process dependent on neurophysiological fundamentals of visual perception. After entering the eye bulb, light is transformed into neuronal signals in several steps within the retina. The signal from a defined retinal area corresponds to the location of the light source. With stereoscopy, we are able to perceive visible objects spatially over a certain range of distances. From this visual information, outlines with strong light–dark contrast are extracted for object perception and identification purposes. The underlying process, which was elucidated in particular by the experiments of Hubel and Wiesel [7,8], is primarily located in the corpus geniculatum laterale [9] and is considered to be an essential part of pattern recognition, including symmetry perception. The recognition of outlines with brightness contrast starts a process of “tracking” structures with eye movements, by which pattern identification is continued and expanded [10]. When looking at human faces, this draws attention to the corner points of the so called “Yarbus triangle”, the eyes and the mouth [11].



It was found that less information increases the rated attractiveness [12]. If the observed face is blurred by low-pass filtering, this mainly affects the outlines necessary for pattern recognition. Face recognition is hindered and delayed by this [13]. The same is true for hemifacial occlusion of the face [12]. It has been shown that in humans and other animals, the ability to complete missing information by using mental images has evolved [14]. This capability enables us to look for necessary information in the right place and to perceive the actual situation more quickly, but it also leads us to complete occluded hemifaces perfectly symmetrically and to perceive blurred faces without disfiguring details.



As a special feature in face recognition, attention is directed mainly to the observed faces’ right hemiface, irrespective of special facial properties [15]. This corresponds to an asymmetry of observer brain activity distribution during facial recognition [16] and the beholders also seem to rate attractiveness and some character traits with an emphasis on one half of the observed subjects’ face. Although this is not the case for all traits examined, in terms of attractiveness, this applies also to the right hemiface [17,18].



Bilateral facial asymmetry is perceived by laypersons if it exceeds a difference of 3 mm at the oral commissure line edges or the brows, or both [19] and most observers correctly detected asymmetry at a difference of 2 mm or more in eyelid closure [20]. Zamanian et al. found an inconsistency between asymmetry detection between laypersons and dental professionals, but it was not statistically significant [21]. Whether frequent visual examination of faces or professional education with respect to symmetry by dentists, orthodontists or maxillofacial surgeons could improve facial asymmetry perception skills cannot be conclusively assessed based on current research. Some authors found significant differences in facial asymmetry detection skills [22], while others could not confirm a significant difference between laypersons and professionals [18,23]. Perception of asymmetry also has a temporal dimension; i.e., asymmetric movements, especially when the blink reflex is delayed on one side, affect asymmetry perception and judgement [24].



When facial asymmetry becomes disfiguring, psychosocial consequences have to be taken into consideration [25,26,27]. Faces above a critical degree of disfigurement, including asymmetry, will cause disgust in the eye of the observer, as has been shown by Shanmugarajah et al. [28] with the possible consequence of comparatively limited opportunities in life for the affected person [29]. According to Higgins [30], disfigurement leads to a discrepancy between the actual and the ideal self, and depression might be the consequence.




3. Asymmetry Quantification


Asymmetry quantification has been a topic of anthropometric studies of the human face for a long time. The bust of Nefertiti exhibits a high degree of symmetry and although we do not know anything about the sculptor, it is obvious that symmetry was intuitively assumed as the norm in a healthy human face. In his four books on human proportion, Albrecht Duerer used exactly symmetrical schemes for his depicted faces based on the data of his own anthropometric studies [31]. However, with more sophisticated measuring methods, it became obvious that a smaller degree of facial asymmetry is physiological, but if a certain threshold of asymmetry is exceeded, the face will be perceived as disfigured [32,33]. To determine whether a condition should be considered to be within the “normal range” or pathological, it became necessary to define methods to measure asymmetry in an objective and reproducible manner. To achieve this purpose, two methods have mainly been developed and used: first, the measurement of the position of characteristic points and their relation, and second, the measurement of distances of superimposed surfaces—an original one and a mirrored one.



The first method is commonly used in orthodontics, e.g., in the analysis of radiographs and casts. The advantage of this method is that it is possible to focus on a limited number of points, and the choice of landmarks can be used to focus on areas of interest and adapted to the phenomenon under examination. Where landmarks are not represented by eye-catching, well-defined structures, measuring points can be derived geometrically. Examples are the “Cranial Vault Asymmetry Index” (CVAI) [34] and the “Utrecht Cranial Shape Quantifier” (UCSQ) [35,36]. For the CVAI, two diagonal lines are drawn through the center of a horizontal head outline at a 30° angle to the median sagittal plane to both sides. The length of the two diagonal lines is related. Differences below 3.5% are regarded as normal (Figure 1).



The CVAI and comparable measurements of the head with mechanical measuring devices were evaluated and showed high intra- and inter-rater reliabilities [37]. Based on 3D radiographic data, the UCSQ uses four points (exocanthion and porion on both sides of the reconstructed skin surface). The left and right exocanthion and left porion define the basal plane. This plane is then shifted by 4 cm in the cranial direction. In these positions, the centroid of the reconstructed cross section of the skull and the distances and angles to the anterior and posterior and lateral outline points are measured. Based on the outline properties, a sinusoid curve is calculated.



Methods using landmarks for mirror plane localization and asymmetry quantification have been used with 2D photographs, 3D surface data and dental casts [38,39,40,41], and radiologic imaging such as panoramic radiographs, computed tomography (CT) scans and cone beam CT [42,43,44]. 3D techniques (CT and cone beam CT) should be given preference over panoramic radiographs, as the asymmetrical position of the skull will inevitably lead to asymmetric magnification factors. Using 3D data has the additional advantages of highly reliable symmetry plane detection and of adding the third dimension to asymmetry quantification. The combination of 3D surface data and CT data can facilitate the differentiation between skeletal and soft tissue asymmetries and their combination. The use of 3D surface data and Procrustes analysis for midsagittal plane detection is considered the gold standard for facial soft tissue asymmetry analysis [40].



The second method used compares a surface with its mirrored counterpart. In contrast to using landmarks, there is no need to focus on a limited number of points. This method can be employed to localize and visualize areas of increased asymmetry. The method usually involves 3D surface data acquisition, mirroring of the surface and matching the surfaces via a best-fit algorithm [45,46,47]. For the latter purpose, the Iterative Closest Point algorithm (ICP) can be used [48]. With the superimposed surfaces, distance between corresponding points can be calculated automatically and transferred to a pseudocolor image. The mean distance between the corresponding points of the surfaces in relation to the size of the entire surface can be used as a simple measure of facial asymmetry, e.g., the Asymmetry Index (AI, Figure 2) [45,49].



A disadvantage of focusing on mean distances compared to the “landmark technique” is the fact that there is no correspondence to the process of visual perception in which facial contours are “tracked” by the observer, whose attention is attracted to certain regions of the face. Therefore, the mean distance between corresponding points might not necessarily correspond to perceived asymmetry. However, a correlation to subjective asymmetry estimation was shown [45]. Weighting these “eye-catching” areas of interest when calculating the asymmetry measure could even enhance the correlation between measured and perceived asymmetry. Reasonable approaches could be the weighting of the asymmetry calculation with the distance to the facial midline [50] or the distance to the edges of the Yarbus triangle, areas with high local mean curvature or the right side of the face.



Correlation between measured and perceived asymmetry can further be enhanced by weighting with the color difference ΔE between two corresponding contralateral points [49]. A low-contrast, fine-grained, randomly distributed texture, which is typical of older skin in particular, is evaluated as less attractive in itself, but this kind of color distribution is presumably not checked for symmetry [51,52]. It stands to reason that the perception of an asymmetrical color distribution depends strongly on the contrast and texture. Typical, high-contrast patterns such as Nevi naturally are perceived by their color, not by their shape. Their symmetrical arrangement is rather striking and judged less attractive than an asymmetrical appearance [50]. Perfect symmetry is said to be disconcerting [53,54]. However, artificially symmetrized photographs may include symmetry where it is an unexpected pattern, e.g., the hair falling over the forehead of the person depicted in the photographs used by Silva et al. with a pair of absolutely symmetrical curls [55]. Therefore, the question still remains whether a face with perfect symmetry of the skin surface shape with naturally asymmetric hair and no Nevi would be rated less attractive than the same face with minor surface asymmetries.




4. Symmetry of Teeth and Dental Arches


Mammalian molars evolved from simple, conical precursor forms (haplodontic) with one cusp (protocone) and one root, more or less rotationally or bilaterally symmetric. The triconodontic upper molar scheme shows two roots and three main cusps (paracone, protocone and metacone, with smaller additional cusps), in upper molars arranged more or less in a single row [56,57]. A triconodontic tooth scheme, therefore, shows bilateral symmetry to a frontal plane and to a sagittal plane. The three main cusps were rearranged from a line to a triangle in tritubercular molars [58]. With more complex tribosphenic teeth, simple schemes of bilateral symmetry were abandoned, mainly by the evolution of an additional main cusp, the hypocone [59]. However, at all stages of molar evolution, bilateral symmetry exists only to a limited degree of accuracy with smaller or larger deviations. There are still open questions in tooth morphogenesis and how genetic as well as environmental influences affect the localization of cuspal morphogenetic centers. Figure 3 shows patterns of dental symmetry of different evolutionary lines schematically. Figure 4 and Figure 5 provide examples of the triconodontic and tribosphenic schemes, respectively.




5. Bilateral Symmetry of Dental Arches and Jaws


The symmetry of single teeth has only a limited impact on health or dental therapy. In contrast, bilateral symmetry of the dental arches and certain structures may be of importance in orthodontic, endodontic and prosthodontic treatment as well as in maxillofacial surgery. For example, knowledge of root anatomy on one side might help in predicting the individual number of roots and root canals [60,61].



Felsypremila et al. reported bilateral symmetry concerning root and canal numbers between 81.5% of upper first and second premolar pairs (P1 and P2). With regard to first (M1) and second upper molars (M2), the corresponding proportions were 77.5% and 70.8%. In the lower jaw, the corresponding proportions of symmetrical forms were 96.1% (P1), 98.3% (P2) 78.6% (M1) and 70.8% (M2) [62].



Li et al. found very similar proportions in upper premolars (P1: 80.2%, P2: 81.8%) [63]. However, rare configurations of the roots and root canals occur much more frequently in an asymmetrical distribution [64].



There have been approaches to describe dental arch shape and symmetry using simple, symmetrical math formulas such as parabola and ellipse [65]. There have also been attempts to derive arch forms from a technical perspective, e.g., by understanding approximal contacts as overlapping dimeric link chains [66]. This approach would more or less force the dental arches into a predictable shape with only very limited influencing factors (shape of approximal surfaces). However, morphogenesis is a complex procedure influenced by the activity of morphogenes, epigenetic information, regulating factors and environmental conditions, including mechanical forces, as well as suppressing and reinforcing interactions of all these factors. Therefore, attempts to reduce the morphogenesis of dental arches to simplified mathematical models might be inappropriate.



Arches of healthy persons with full natural dentitions usually show only negligible asymmetry [67]. In malocclusion cases, dental and facial asymmetries are more frequently observed and more pronounced [68,69]. Asymmetry quantification of dental arches is usually performed using landmarks, as it gives an idea of the amount of orthodontic movement necessary to obtain symmetry [41,70].



Teeth and gingival tissues are visible during an expressive smile. The observer’s attraction to the perioral region and the emotional signal of the smile has an important impact on attractiveness rating. Asymmetrical crown length and gingival height discrepancies and midline shifts were frequently examined. Most authors came to the conclusion that professionals, especially orthodontists, were more sensitive to asymmetrical changes than laypersons as far as crown length was concerned [23,71,72,73,74,75,76], though difference between laypersons and professionals was not significant in every study group. Anterior midline shifts of the upper central incisor midline in relation to the facial midline had a negative impact on the rated attractiveness at a discrepancy of 1 mm or more to the right and 2 mm or more to the left side, respectively [77]. Figure 6 shows a case with canine coronal height asymmetry and maxillary to mandibular midline shift.



In more pronounced cases of unilateral malocclusions, adjustment, e.g., by orthodontic treatment, is recommended as they might not only be the reason for facial asymmetries, but also for temporomandibular disorders [78,79]. Recent studies indicate correlations between occlusion and adjacent structures including cervical spine, although the consequences of malocclusion and the success of treatment remain unanswered [80,81]. External and internal forces, e.g., by irregular tongue movements, can cause asymmetries of the dental arches [82]. With the introduction of dental implants as anchoring devices for orthodontic appliances, treatment options have been improved. Forces can more easily be applied only to unilateral segments of the dental arch without inducing a counterforce to the counterlateral teeth. In unilateral crossbite situations with insufficient width of the upper jaw, the unilateral mini-implant-assisted rapid palatal expander (U-MARPE, Figure 7) has been used successfully [83].




6. Congenital Structural Asymmetries of the Face


Asymmetric face clefts are among the most common congenital disorders with regionally varying prevalence [84]. Untreated unilateral cleft lips have a great impact on facial symmetry and even if successfully treated, cleft lip patients may exhibit asymmetry in perioral movements, e.g., when smiling [85]. Other structural asymmetries include missing teeth and teeth disproportions with smaller teeth on the affected side of the maxilla, although mandibular teeth were larger on the cleft side and dental asymmetries also occur in unaffected persons [86,87,88,89].



Thierens et al. used landmark-based 2D analysis as well as 3D superimposed labial and nasal surfaces to evaluate treatment results after autologous bone grafting in 15 unilateral cleft lip patients [90]. Significant improvements could only be demonstrated with the landmark-based 2D technique, showing a reduction in the affected/healthy side ratio of the distance from midline to lateral labial commissure, meaning the labial commissures were more symmetrical after treatment. However, 3D surface asymmetry quantification technology has also been successfully used to examine cleft lip and palate patients before and after treatment and to evaluate treatment success with different methods [91].



Craniofacial malformations caused by synostoses and pharyngeal arch syndromes are less common, but can lead to severe proportional disfigurements of the head and face, including asymmetries. The extent of malformation and asymmetry can vary widely and affect both hard and soft facial tissues [92]. Examples are Treacher Collins, Crouzon, Apert, Pfeiffer and Saethre-Chotzen syndrome [93,94,95]. A large number of gene mutations have been found to be related to craniosynostoses, e.g., mutations of the TWIST1 gene on chromosome 7p21.1 in the case of Saethre-Chotzen syndrome. However, environmental factors are also of importance for the development of these rare diseases [96,97]. Affected persons may suffer from severe consequences and dysfunctions, e.g., encephaloceles, hypertelorism, anterior open bite, temporomandibular joint malformations and airway obstructions [95,98,99]. Parental acceptance and the development of self-concept and social competence may be affected and should be taken into consideration as well [100], independent from the question of whether a facial malformation is exhibited in a symmetrical or an asymmetrical pattern.



Treatment should be performed by experienced maxillofacial surgeons and neurosurgeons and includes resection, rearrangement and replacement of craniofacial structures, e.g., fronto-orbital or frontofacial advancement in Pfeiffer, Apert and Crouzon syndrome [101,102]. Lambdoid synostosis leads to a condition very similar to plagiocephaly and distinguishing the two conditions is a diagnostic challenge [103,104]. In contrast to synostoses, plagiocephaly is caused by external forces and can be treated by helmet therapy. Hemifacial microsomia and Goldenhar syndrome are examples of malformations originating from the first pharyngeal arch. As the term hemifacial microsomia indicates, structures of the face including forebrain and eye, ear and mandible may be affected in an asymmetrical pattern. However, in spite of its name, hemifacial microsomia affects both sides of an asymmetrically distributed extent. The cause of the disease is suspected to be a genetic defect on chromosome 14 [105]. The chin is displaced asymmetrically to the more affected side and anterior open bite is a frequent consequence. Teeth size [106] is reduced in the affected region, but more severe are the consequences of an unilaterally hypoplastic temporomandibular joint. Because of the different severity and prognosis, hemifacial microsomia has to be distinguished from hemimandibular hypoplasia [107,108]. Treatment includes surgical symmetrization by artificial joints and corrections of the facial shape with autologous fat flaps [109,110,111]. Less severe cases can be treated orthognathically [112]. Therapy again primarily includes maxillofacial surgery, usually in combination with orthodontic treatment and is eventually supported by interocclusal splints and prosthodontics. Within the last few decades, distraction osteogenesis has enriched the spectrum of therapy [113,114].



Unilateral facial port-wine stain is another congenital asymmetry, but without major macroscopic, structural malformations. Treatment is nevertheless mandatory to restore facial aesthetics [115].




7. Acquired Structural and Functional Asymmetries of the Head and Face


Acquired structural asymmetry includes trauma, neoplastic diseases and infections. Infectious diseases such as Noma [116,117,118] and facial skin tuberculosis [119] have been a common cause of facial disfigurement and still occur. Today, disfiguring infections of the facial soft tissues can successfully be prevented by avoiding predisposing factors such as malnutrition or can be treated with antibiotics.



However, neoplastic diseases, especially head and neck cancer, and facial trauma are seen much more frequently today. Squamous cell carcinoma within the oral cavity is often diagnosed by dentists. Treatment includes maxillofacial surgery and radiation therapy. The primary goal of therapy is complete resection of the tumor tissue. Facial asymmetry after tumor resection is often unavoidable as a direct or indirect consequence of substance loss. Reconstructive surgery in the treatment of craniofacial defects can be performed using autologous bone and flaps or allogeneic material such as titanium or Polyether ether ketone (PEEK) [120,121,122].



Partial mandibular resection with complete transection of the mandibular bone without reconstruction will lead to mandibular dislocation and functional asymmetry (Figure 8 and Figure 9). Radiation and scarring may even increase structural and functional asymmetry. Therefore, surgical reconstruction of the mandible is the therapy of choice whenever it is possible [123].



Unilateral mandibular condylar hyperplasia is a rare disease, where one condyle exhibits excessive growth [124,125,126]. A benign tumor of the long bones, osteochondroma, may also affect the mandibular condyle with similar consequences: Condylar growth leads to dislocation of the mandibular body in vertical and/or anterior direction. Asymmetry and occlusal imbalances are frequent consequences (Figure 10 and Figure 11). Treatment includes surgical remodeling or removal of the affected condyle and, if necessary, insertion of a neocondyle.



CAD-CAM technology has greatly improved surgical procedures, prosthodontics and maxillofacial prosthetics [127]. The shape and effects of alloplastic implants can be planned with 3D models [120]. Facial prostheses for defects after resection of the eye and periorbital tissues can be planned and evaluated using facial scans and registration with a best-fit algorithm [128,129,130]. As face scans can be related to intraoral structures and devices [131], the symmetry plane of the face can be correlated to the symmetry plane of a planned dental prosthesis [132].



Unilateral facial paralysis leads to asymmetry either at rest or in motion. The consequences range from a mask-like facial expression to inflammation of the eye and conjunctiva and difficulty in speaking, swallowing, eating and drinking to a reduced quality of life and depression [133]. Treatment options depend on the cause of the disorder and include neurosurgical nerve reconstruction [134], plastic surgery [135], contralateral botulinum toxin injections [136,137,138] and even cheek, lip and labial commissure supporting dental appliances [139,140].




8. Conclusions


Asymmetry of the head, especially of the face, is a condition with more or less severe consequences on orofacial function and facial appearance. The subjective burden of physical and psychosocial implications can vary greatly from person to person. To obtain an objective assessment of the severity of facial asymmetry, a thorough understanding of the processes of perception of faces and the normal range is necessary. For a successful therapy, the precise detection and localization of regional asymmetries are prerequisites. Supported by 3D data acquisition using optical surface scan technology or three-dimensional radiographs, analysis and quantification of asymmetries can be performed more precisely today. This development will probably continue enhancing surgical, orthodontic and prosthodontic treatment planning and implementation, e.g., by merging diagnostic 3D data from different sources with dental CAD-CAM technologies.
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Figure 1. Calculation of the Cranial Vault Asymmetry Index (CVAI). (Left): A reference plane is defined by sellion and left and right tragion (blue). The plane is shifted vertically to the level of the largest anterior–posterior extension of the cranial length (green plane). (Right): At this level, the ratio of the length of two diagonal lines (D1 and D2) through the center of the cranial width (i.e., the line between the two tragi in the reference plane) at an angle of 30° to both sides of the cranial length (i.e., a line rectangular to the cranial width) is calculated using the formula CVAI = |D1 − D2|/max(D1, D2) × 100. 
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Figure 2. AI calculation [49] is based on the mean distance d of closest points between the original 3D surface (blue) and its mirrored and matched (registered) copy (red). In order to avoid scaling effects, it is divided by the frontal diagonal D of the bounding box enclosing the 3D surface. The corresponding formula is: AI = d/D × 1000. 
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Figure 3. Fundamental patterns of single upper right molar symmetry, from left to right: (a) radial symmetry of original conical, haplodont tooth with one cusp (protocone) and no occlusal surface; (b) triconodont scheme with three cusps (paracone, protocone and metacone) and two roots arranged in a line, exhibiting two symmetry planes; (c) tritubercular scheme with three roots and three cusps in a triangular arrangement. The rightmost scheme (d) is the tribosphenic one with an additional cusp (hypocone) as a major deviation from the three planes of bilateral symmetry of the tritubercular scheme. 
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Figure 4. Upper right second premolar (P2) of Canis lupus familiaris following the triconodont scheme with two planes of bilateral symmetry indicated by dotted lines. (Top): view from palatal side. (Center): view from occlusal side. (Bottom): lateral view. 
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Figure 5. Human upper lateral teeth from canine to tribosphenic first molar. Dotted lines indicate symmetry planes of second premolar. 
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Figure 6. Anterior teeth of a 64-year-old female patient, exhibiting mandibular midline shift (green line), lower incisor angulation (white dotted lines) and crown height discrepancy between right and left incisors and canines (yellow lines). Treatment included surgical crown lengthening and crowns and fixed partial dentures from left canine to the left molar region. The patient’s main concern was to improve her aesthetic appearance. 
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Figure 7. Unilateral mini-implant-assisted rapid palatal expander (U-MARPE [83]). 
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Figure 8. Anteroposterior radiograph (a) and aspect of a male patient (b) suffering from oral cancer of the tongue and mandible. After tumor surgery and radiation therapy, the mandibular bones were connected by a reconstruction plate. Following local infection, reconstruction was no longer possible and, therefore, a gap between the right and left mandible remains on the patient’s left side (red dotted lines). Arrows indicate upper and lower jaw midline. 
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Figure 9. Panoramic radiograph of the same patient three years later after further tooth loss. 
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Figure 10. Panoramic radiograph of a unilateral condylar hyperplasia on a 38-year-old female patient’s left side. Green dotted lines outline the condyles; arrows indicate non-occlusion in the left bicuspid and molar region. In this case, the panoramic radiograph gives an impression of asymmetry. However, CT and cone beam CT are superior in accuracy. 
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Figure 11. Intraoral view of the same patient. Unilateral open bite on the left side and moderate mandibular midline shift are clearly visible. At present, occlusal stability is maintained by an intraoral splint until a definite correction with crowns and overlays in the left mandible will be performed. 
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