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Abstract

:

(1) Introduction: Mandibular second molar (MM2) impaction is a relatively rare dental anomaly, but its early detection is imperative for orthodontic diagnosis and treatment. This study evaluates early radiographic characteristics of MM2 in the process of its impaction and the role of the third molar (MM3) in this process. (2) Materials and Methods: Panoramic radiographs of orthodontic patients of Chinese-American origin (n = 5575), age 9–15 years (mean 13.13) were examined for MM2 impactions and the presence of MM3. (3) Results: A total of 151 patients with 212 impacted MM2s were detected in the Chinese-American study group. Unilateral impactions were found more than bilateral and were distributed equally between the left and right sides. Mesial angulation of the impacted teeth was present in 92.7% of the cases, and MM3s were found adjacent to the impacted MM2s in 97.4% of the cases. (4) Conclusions: MM2 differential root developments with deficient mesial root lengths appeared to be the primary cause for MM2 impaction. Posterior crowding and arch length deficiency were contributing factors causing MM2 impaction. This impaction occurred early, before the third molar bud was developed. It sometimes occurred even when the third molar was congenitally missing. Nevertheless, the possible involvement of the third molar in MM2 impaction needs further investigation.
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1. Introduction


The process of non-orthodontic movement of a tooth, occurring from the time of its initial formation to its occupying place in a functional occlusal table, can be divided and described as pre- and post-eruptive. For the purpose of this work, the term “eruption” shall mean the tooth’s penetration of the alveolar mucosa, or the stage when some part of a tooth can be seen by a naked eye. This is also termed the emergence of a tooth, however this later term, although very well defined by various anthropologists [1], is not routinely used. Consequently, various disturbances in the tooth’s progression from its place of initial formation to the so-called “anatomically correct position in the dental arch” can happen pre- and post-eruptively. Better terms, and by the anthropologists preferred ones, would be the pre- and post-emergence phases of tooth eruption. Eruption disturbances can occur in any stage by an obstacle in the eruptive path, such as a supernumerary tooth or odontoma, ectopic position of the tooth germ, and failure of the eruption mechanism [2].



This paper will address both of these phases, with a particular emphasis on the pre-eruptive disturbances.



The cessation of eruption of a normally developed tooth germ before emergence without identification of a physical barrier in the eruption path is defined as primary retention [3]. The post-emergence cessation of eruption of a tooth without a physical barrier in the path of its eruption is considered secondary retention [4]. The cessation of eruption of a tooth caused by a physical barrier in the path of eruption, as well as a lack of space and the abnormal anatomical position of the tooth, is termed impaction. In a case of a clinically observed or a post-emergence mandibular molar impaction, often times a tooth presents with an obvious mesial angulation. Similarly, the great majority of pre-emergence impacted mandibular second molars (MM2), typically detected radiographically, have been reported with a marked mesial angulation [5].



MM2 impaction is usually associated with crowding and arch length deficiency in the posterior region [6,7]. In addition, it may also be a result of an ectopic germ position or an ectopic eruption path. It is often diagnosed as a secondary finding during examinations for pediatric or orthodontic diagnosis and treatment planning. It is rarely the main reason for referral to an orthodontic clinic. It is a relatively rare dental anomaly with a reported incidence of 0.03% to 0.6% in the general population [8], and 1–3% in orthodontic patients [5,6]. MM2 impactions can be classified as mesio-angular, disto-angular, vertical, or horizontal. The mesio-angular position has been reported for most of the MM2 impactions [5,9]. Unilateral impaction of the MM2s is more common than bilateral. They have been reported more often in males than in females and with a right side predominance [6].



Various treatment options have been suggested in the literature, depending on the position and the depth of the impacted tooth in the bone, including surgical exposure and orthodontic uprighting [9,10], surgical repositioning with or without removal of the third molar [11,12], extraction of the second molar with substitution with the third molar [11], and early prophylactic removal of the third molar germ when it presents an obstacle to the erupting second molar [13]. The optimal time for treatment of MM2 impaction cases coincides with the expected time of the MM2 eruption, from 11 to 14 years.



This paper evaluates radiographic characteristics of the MM2 and MM3 and the possible association in the process of their impaction. It discusses the early diagnosis and progression in the process of MM2 impaction, including the possible role of the third molars in this process.




2. Materials and Methods


In a retrospective study of 151 patients, 73 males and 78 females, 212 impacted MM2s were detected in 5575 panoramic radiographs of consecutively treated orthodontic patients of Chinese-American origin in New York City.



At the time of impaction detection, their age range was 9–15 years with a mean age of 13.13 years. The angle between the long axis of the mandibular first and second molars [MM1 and MM2] was measured with a cephalometric protractor (Figure 1). The presence or absence of third molars and the stage of their development was noted and registered for every patient.



The inclusion criteria were:



(1) Full eruption of the MM2 on one side, while the MM2 in the contralateral side had not emerged, even though three quarters of one root was developed.



(2) The impacted MM2, both unilateral and bilateral, had an abnormal mesial inclination with its crown arrested under the distal height of contour of the first molar crown. The University Ethics Committee approved the study.




3. Results


In the Chinese-American group, a total of 212 MM2s detected in 151 patients were diagnosed as impacted, in 73 males and in 78 females. Unilateral impactions were found in 90 patients and bilateral in 61 patients. (Table 1). The unilateral impactions were distributed equally between the left and right sides. Third molars in various stages of development, from early bud formation to complete root development, were found adjacent to the impacted second molar in all (97.4%) except for four patients (2.6%), where third molars were missing. Mesial angulation of the impacted MM2s was present in 92.7% of patients, with a notably increased angle between the long axis of the mandibular first and second molars (Figure 1), ranging between 30 to 70 degrees (mean 47 degrees).




4. Discussion


An impacted molar remains unerupted in the alveolar bone or in the body of the mandible (corpus mandibularis) beyond the time at which it normally erupts. Crowding and arch length deficiency in the posterior region of the mandibular arch have been suggested as important local factors causing MM2 impaction [6,14]. Our findings, however, do not fully support that theory, as will be explained later in the discussion.



Tooth size may be affected by genetic factors that control dental morphogenesis [15]. In addition, the tooth size in ethnic Chinese people has been reported to be larger than in Caucasians [16,17]. This may partially explain the higher prevalence of MM2 impactions in the Chinese population.



The presence of third molars in 97.4% of our cases was in agreement with a previous study reporting that all patients with arrested MM2 had the germ of the third molar [18]. Paradoxically, according to Gorlin and Goldman [19], the prevalence of developing third molars in the general population is 63.4% to 77.5%, which is significantly less than our study’s observations. This may suggest a different role of the developing MM3 in MM2 impactions. While the presence of MM3 may contribute to the space shortage for the MM2, equally, or even more importantly, it may contribute to the arrested eruption of the MM2, often leading to its impaction. This data suggests that the third molar might be involved in MM2 impaction. However, the mechanism of such an effect is still unknown.



It has been previously reported that the second molar eruption may be unpredictable and, for unknown reasons, its inclination changes during its eruption, becomes mesially inclined and resulting in impaction [9]. This has been observed in an 8-year-old boy with excess space between his fully erupted first molar and the developing crown of the second molar. However, 3.5 years later, the tooth became mesially angulated and almost horizontally impacted, while the bud of the third molar had just began its development [9]. A similar phenomenon occurred even where the third molar was missing, as seen in the panoramic radiograph of an 11-year-old girl with a mesially angulated right MM2 (Figure 2). Similarly, in cases where the developing third molar crown appears to be far distal to the right second molar, as was present in an 11-year-old boy (Figure 3) and in a 10-year-old girl, where excess space appeared between the bilaterally developing buds of the third molars and the mesially angulated and impacted MM2s (Figure 4).



It appears that, at least in these and the similar cases, radiographic evidence-based treatment suggests insignificant association between developmental paths of the MM2 and MM3. In an abnormal eruption pathway of the second molar, the role of an ectopic position of the third molar is still questionable. According to previous reports, the third molar position should be considered as a contributory factor and not the primary cause for second molar impaction [20,21]. Instead, we suggest that the mesial angulation of the second molar may provide a better clue or indication of the MM2 eruptive outcome. It is therefore suggested that, in the presented cases, an arch length deficiency in the mandibular posterior segment is not the major contributing factor in causing second molar impaction. We repeatedly observed that the MM2 region had more than adequate arch length for the second molar, yet the tooth became impacted. A similar situation has been reported where the second molar became impacted on the side where a larger space was available [10,22]. In addition, previous reports [7,23] demonstrated mesial inclination among most of the mandibular second molars, suggesting it mainly attributed to their abnormal eruption pathway. This is contrary to several reports, supported by the presented radiographic evidence, that the majority of MM2 impactions are associated with crowding and arch length deficiency in the posterior region of the dental arch [6].



It has also been suggested that excess space between the first molar root and the developing second molar crown may allow the later to incline more mesially and become impacted. This is probably due to the initial mesial angulation of the developing tooth bud [9]. Another explanation has been suggested by which the MM2 may change its angulation due to differential, asymmetrical root growth, with a decrease in the mesial root length and increased length of the distal root (Figure 5). This was demonstrated in an 11-year-old girl, where the mandibular left second molar was horizontally impacted with a shorter mesial root than the distal one (Figure 6). A significantly shorter mesial root has been previously reported in mesially angulated impacted MM2s, whereas a distally angulated MM2 appears to be associated with a shorter distal root [5].



Most studies in the literature report on MM2 impaction in adolescent individuals presenting the impacted MM2 in association with the presence of the third molar. To the best of our knowledge, this is the first report presenting the early stages of the MM2 impaction process. The following longitudinal panoramic radiographs demonstrate an unequal differential growth of the MM2 roots, where the mesial root is shorter than the distal root. As a result, the mesial root serves as a pivot for the MM2 which gradually tips and becomes mesially angulated, often resulting in its impaction distal of the first molar. The panoramic radiograph of an 8-year-old boy in his early mixed dentition is a representative of the developing crowns of the MM2s in normally erupting positions with no signs of the third molar buds (Figure 7A). It is reasonable to predict that their eruption would be uneventful. A panoramic radiograph taken one year later, at the age of nine years, shows the right permanent second molar mesially inclined with its mesial root shorter than the distal. At that stage, the early developing third molar bud can be identified at the anterior rim of the ramus behind and away from the already mesially angulated second molar when comparing this with the contralateral view, where a small space exists between the second molar and the adjacent developing third molar bud (Figure 7B). In a one year interval, at the age of 10 years, the panoramic radiograph revealed the MM2 impacted in a more horizontal position the more clearly showed its shorter mesial root with the developing third molar bud still away from the second molar (Figure 7C). The panoramic radiograph taken two years later at the age of 12 years demonstrates a horizontally impacted right second molar with a shorter mesial root and the third molar crown now mesially inclined close to the second molar’s distal root (Figure 7D).



Figure 7A–D have previously been published in the article “Rootless eruption of a mandibular permanent canine”. AJO-DO 2011; 139:563–566.



Based on the available recent information, it is not clear what causes the differential root development in certain MM2s [24]. The tooth development undergoes a serious of complex reciprocal interactions between the ectodermally derived dental epithelium and the underlying mesenchymal cells during tooth morphogenesis. It has been reported that the Wnt/betta-catenin signaling process controls the root odontogenesis and cementogenesis during the tooth root development [25,26]. Disruption of the Wntless leads to the inhibition of odontoblast maturation and root elongation, thus resulting in short roots [27]. Experiments on the mandibular first molars in mice have demonstrated that deficient Wnt/betta–catenin signaling effectively blocked odontoblasts and cementoblasts differentiation during the root development, resulting in their arrested development [28]. An association between root anomalies and eruption disorders of MM2s has also been reported [18]. Why this phenomenon affects the mesial root more than the distal root of the MM2 is not yet clear and should be further investigated.



This may also support our theory [5,9] that MM2 mesial angulation occurs early, before the third molar bud is developed and even when the third molar is congenitally missing, as presented in the panoramic radiograph of a 12-year-old girl with a mesio-angular impacted right MM2 having a shorter mesial root (Figure 2). This was also demonstrated in a 10-year-old girl with normal erupting-positioned MM2s (Figure 8A), which four years later, at the age of 14 years, presented her right MM2 as mesially inclined, while the third molars were congenitally missing (Figure 8B). That is, the differential MM2 root development and its mesial angulation could probably be the major cause, while the posterior crowding might have been a secondary contributing factor, occurring later and causing the MM2 to become impacted. It has been shown that patients with congenitally missing third molars have fewer problems of crowding or impacting of the MM2 during treatment. Thus, early removal of the third molar relieves the congestion at the end of the lower arch. An early prophylactic approach for interceptive removal of the third molar germ has been suggested. Such extraction of the mandibular third molar germ, before or during orthodontic treatment, could be beneficial because it may facilitate the eruption of the second molar [15]. In 1934, Henry [29] described the enucleation technique at the bud stage of the third molar at an early age (7–9 years) as a simple and relatively atraumatic procedure. This is contrasted by the often difficult extraction of deeply impacted third molars in adults. Similarly, in 1970, Ricketts [30] revisited the enucleation of third molar buds as a prophylactic measure in young children, using electrosurgery.



An interesting analogy could be postulated by speculating that the developing second molar “needs” the close guidance of the first molar distal root for its normal eruption. This would be similar to the “guidance theory” related to the maxillary canine that requires the guidance of the lateral incisor’s root for its normal eruption [31]. Although a careful study of panoramic radiographs may reveal the orientation of the mandibular second molars, CBCT scans can supply us with more accurate information. However, good radiation hygiene should be practiced, whereby all patients should not be routinely referred for screening CBCT scans.




5. Conclusions


The early diagnosis and detection of a potentially developing MM2 impaction is imperative to initiate adequate corrective measures. MM2 mesial angulation and impaction appears to be a result of differential growth of its roots, where the shorter mesial root becomes a pivot for its mesial angulation. This usually occurs early, before the third molar bud is developed, and even when the third molar is congenitally missing. Differential root development is suggested to be the major cause, while posterior crowding and arch length deficiency seem to play a secondary role in causing MM2 impactions. Nevertheless, the differential root development and the possible involvement of the third molar in MM2 impaction needs further investigation.
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Figure 1. The angle between the long axis of the first and second molars. 
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Figure 2. Fully developed mandibular right second molar mesially angulated and impacted with missing third molar behind it. 
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Figure 3. Mandibular right second molar mesially angulated and impacted with excess space between the second molar and the third molar developing crown. 






Figure 3. Mandibular right second molar mesially angulated and impacted with excess space between the second molar and the third molar developing crown.
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Figure 4. Bilateral mandibular second molar impaction showing excess space between the second molars and the developing buds of the third molars. 
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Figure 5. A horizontally impacted left MM2 with shorter mesial than distal root. 
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Figure 6. Panoramic radiograph of an 11-year-old girl with a horizontally impacted left MM2. Note its shorter mesial root and the developing MM3 crown on top of the MM2 longer distal root. 
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Figure 7. (A) Panoramic radiograph of an 8-year-old boy presents the developing crowns of the mandibular second molars in the normally erupting position with no signs of the third molar buds. (B) Panoramic radiograph of the same boy at the age of nine years, showing the right second molar mesially inclined with a shorter mesial root than the distal. The early developing third molar bud can be identified at the anterior rim of the ramus behind and away from the already mesially angulated second molar. (C) At the age of 10 years, the panoramic radiograph reveals the MM2 impacted in a more horizontal position with its shorter mesial root, and the developing third molar bud still far away from the second molar. (D) At the age of 12 years, the panoramic radiograph demonstrates a horizontally impacted right second molar with shorter mesial root and the third molar crown now mesially inclined close to the second molar distal root. 
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Figure 8. (A) Normal erupting-positioned MM2s in a 10-year-old girl. (B) The same girl, at the age of 14 years, presented her right MM2 as mesially inclined, with third molars congenitally missing. 
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Table 1. Distribution of MM2 impactions.
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	Ethnicity
	No. of Patients
	Male
	Female
	Unilateral
	Bilateral
	Total No. of Impacted MM2





	Chinese-Americans
	151
	73
	78
	90
	61
	212
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