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ABSTRACT

The aim of this longitudinal cephalometric study was to analyze the growth characteristics of the mandible in subjects with infraocclusion of the mandibular 
deciduous molars. A group of 28 subjects with bilateral infraocclusion of mandibular deciduous molars (IG) were enrolled in a prospective longitudinal study on the 
growth characteristics of the mandible and compared with a control group (CG) of 28 subjects. Lateral cephalograms were collected in both groups at T1 and at 
T2, after a mean 19-month interval in the IG and after a mean 16-month interval in the CG. All subjects were observed in the early mixed dentition before the 
pubertal peak and did not receive any orthodontic treatment during the observation interval. Cephalometric analysis at T1 and superimposition of tracings at T1 
and T2 were performed, and statistical comparisons between the two groups were carried out by means of independent sample t-tests. Discriminant analysis on 
the superimposition data identified Co-Gn angle (angle formed by line Co-Gn at T1 and at T2) as the single discriminant variable between IG and CG. There were 
significant differences between the two groups as to morphological changes of the mandible and direction of condylar growth, thus demonstrating anterior growth 
rotation of the mandible in subjects with infraocclusion. Because of the high levels of alveolar bone turnover and remodeling in anterior rotating mandibles, this 
study suggested that skeletal growth characteristics of the mandible may influence the clinical expression of infraocclusion. 
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Infraocclusion of deciduous molars is a dental anomaly consisting of an inferior position of affected teeth relative to the occlusal plane of the adjacent teeth.1,2 The distance 
between the masticatory surface of the deciduous molar and the occlusal plane may vary considerably. Mild cases of infraocclusion exhibit a distance of 1–2 mm, whereas 
more severe infraocclusion may present a completely intraosseous position of the affected teeth.1,3 The prevalence of infraocclusion of deciduous molars varies between 1.3%4 
and 38.5%.5 The prevalence of infraocclusion in the lower arch is higher than in the upper arch.1,6 Several studies have indicated that the mandibular second deciduous molar 
is more commonly involved than the mandibular first deciduous molar,7 whereas other investigations have shown the mandibular first deciduous molar is affected more often.6 

Two main theories have attempted to clarify the causal agents in the etiology of infraocclusion, the local one and the genetic one. Biederman8 advocated that an alteration of 
metabolism in the periodontal tissues of the infraoccluded teeth could lead to ankylosis and, consequently, infraocclusion. It should be emphasized that ankylosis is not a 
consistent finding in infraocclusion6 and that the extent of the ankylosis may be variable.9 The hypothesis of a genetic origin for infraocclusion is supported by the presence of 
familial recurrence of the defect,1,4 by the expression of this dental anomaly in monozygotic twins,10 and by studies assessing different prevalence of infraoccluded teeth in 
different races and populations.5 Furthermore, it has been suggested that infraocclusion and other dental anomalies of shape, texture, number, and eruption may all represent 
microsymptoms of an inheritable disturbance because of a general disruption of the tooth developmental structures.2,11–13 

Some investigators1,3,14–16 have advocated that the pathogenesis of infraocclusion is a disturbance in the remodeling of the alveolar process related to the infraoccluded 
deciduous molar and could be involved in the development of this dental anomaly. Because of the fundamental role of bone turnover in tooth eruption, an anomaly in 
resorption/apposition of the alveolar bone could indeed affect the normal shedding of the deciduous teeth along with the physiologic eruption of the corresponding permanent 
teeth.17,18 The turnover of the alveolar bone as a component of growth of the dentoalveolar regions is related to characteristics of craniofacial growth and of mandibular growth 
in particular. As stated by Kurol1 “the developing dentition of a child is characterized by constant movement of teeth in a vertical direction correlated to the growth and 
development of the face and alveolar processes …the aberration of tooth eruption indicates a growth disturbance.”  In his classical implant studies Björk19,20 noted that the 
growth characteristics of the alveolar process are linked to different types of mandibular rotation. Petrovic and his research group21,22 have demonstrated that posteriorly 
growing mandibles express a lower rate of alveolar turnover, whereas anteriorly growing mandibles are associated with a greater rate of alveolar bone turnover in growing 
children.

Interestingly enough, the postulated relationship between craniofacial growth, alveolar growth/remodeling and establishment of infraocclusion has never been investigated by 
a longitudinal cephalometric study. The literature reports only a few cross-sectional studies that analyze the craniofacial features of subjects developing infraocclusion of a 
deciduous molar.11,14,15 Dixon14 found an increased angulation of the mandibular plane to the cranial base and a greater lower facial height. Kula et al11 described a 
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decreased ratio between posterior and anterior facial heights. Both studies agreed that there was an increased prevalence of augmented vertical dimensions of the face in 
children showing infraoccluded teeth. Brown15 did not corroborate these findings in his cross-sectional study. 

Therefore, the aim of this longitudinal cephalometric study was to identify any differences in growth characteristics of the mandible in subjects with infraocclusion of 
mandibular deciduous molars vs a control group.
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Subjects

The examined sample consisted of subjects included in a prospective study at the Departments of Orthodontics of the University of Catania and the University of Florence. 
To be enrolled in the study, the subjects had to be of Caucasian ancestry and to not have received any previous orthodontic treatment. Subjects with craniofacial syndromes, 
odontomas, cysts, cleft lip or palate (or both), extensive caries, or sequelae of traumatic injuries were not considered eligible for the study. 

The diagnosis of infraocclusion was made when one or more deciduous molars were more than one mm below the occlusal plane of the neighboring teeth as determined at 
clinical examination, and it was confirmed on panoramic radiographs (Figure 1 ). To be included in this investigation, subjects had to present with infraoccluded teeth on 
both sides of the lower arch, with two, three, or all four deciduous mandibular molars involved. Furthermore, all subjects had to be in the mixed dentition with fully erupted lower 
first permanent molars and upper and lower permanent incisors.

A sample of 28 subjects (nine males and 19 females) with bilateral infraocclusion of lower deciduous molars comprised the infraocclusion group (IG). Detailed characteristics 
of IG included 14 subjects with infraocclusion of two mandibular deciduous molars, nine with infraocclusion of three mandibular deciduous molars, and five with infraocclusion of 
four mandibular deciduous molars. Ten subjects presented with associated dental anomalies as diagnosed from the clinical examination and from panoramic radiographs 
(agenesis of third molars, enamel hypoplasia, ectopic eruption of upper first permanent molars, etc).

Lateral cephalograms at two consecutive time periods were available for the IG. No subject received any orthodontic treatment or extraction of infraoccluded teeth between 
T1 and T2. The mean age of the IG was eight years and six months at T1 and 10 years and two months at T2, with an average observation interval of 19 months. Individual 
skeletal maturation was assessed on both T1 and T2 cephalograms using the cervical vertebral maturation method.23 All subjects showed stage I or II in cervical vertebral 
maturation at both observation times, thus indicating prepubertal skeletal maturity.

A control group of 28 children (CG, 15 males and 13 females) was selected randomly among subjects referred to the Department of Orthodontics of the University of 
Florence for periodic orthodontic counseling. Lateral cephalograms at two consecutive time periods with no orthodontic treatment were available for the CG as well. The CG 
matched the IG as to phase of the dentition, mean age at T1 (nine years), mean age at T2 (10 years and six months), mean observation interval without treatment (16 months), 
and as to CVM stages at T1 and T2. In both, the IG and the CG lateral cephalograms at T1 and T2 were taken with the same X-ray machine. An informed consent was 
obtained from the parents of all subjects.

Cephalometric analysis

Lateral cephalograms were analyzed for each patient at T1 and T2. Each cephalogram was hand traced with a 0.3-mm lead pencil by one investigator (Dr Leonardi) and 
subsequently checked by another investigator (Dr Armi). The traced lateral cephalograms were analyzed by a digitizing tablet (Numonics, Lansdale, Pa) and digitizing software 
(Viewbox, version 3.0, D Halazonetis, Athens, Greece).

Cephalometric regimen for the analysis of starting forms. The cephalometric analysis on the lateral cephalograms at T1 required the digitization of 32 landmarks on dental and 
skeletal structures and generated 24 variables.24,25  

Cephalometric superimpositions. A study superimposing on stable mandibular structures according to the methodology described by Björk19 and by Björk and Skieller20 was 
performed in both the IG and CG groups. The modification by Tollaro et al26 to the original procedure by Björk19 was adopted. Consequently, in the present superimposition 
study the stable basicranial line (SBL) was substituted for the nasion-sella line (NSL). The SBL passes through the most superior point of the anterior wall of the sella turcica 
at the junction with tuberculum sellae (point T) and the Fronto-Maxillo-Nasal suture (point FMN).27 The SBL is traced through structures that do not undergo remodeling from 
the age of four to five years.28  

In the present mandibular rotation study, the changes in mandibular morphology and the direction of condylar growth were assessed at T1 and T2 by measuring the following 
angles formed by the lines on the superimposed tracings (Figure 2 ): 

● Co-Gn angle, where Co-Gn is a line connecting point Condylion to point Gnathion, thus indicating total mandibular length; 

● Co-Go angle, where Co-Go is a line connecting point Condylion to point Gonion; 

● SBL angle, where SBL is the stable basicranial line;

● RL angle, where RL is the ramus line, ie, the line tangent to the posterior border of the ramus and the condyle;29

 

● ML angle, where ML is the mandibular line, ie, the line tangent to Gnathion and the inferior border of the ramus;29

 

● CTL angle, where CTL is a line passing through point B and tangent to the anterior contour of the chin.30

 

Statistical analysis

Descriptive statistics were calculated for the variables in both the cephalometric and superimposition studies. The relatively limited number of subjects in the two groups 
required assessment of normality for data distribution. Shapiro-Wilk's test was used and revealed normal distribution of the measures in both IG and CG groups. A comparison 
of starting forms between the IG and the CG was carried out on cephalometric variables at T1 by an independent sample t-test. Independent sample t-test was used also to 
evaluate the between-group differences in the craniofacial changes from T1 to T2 on the superimposed lateral cephalograms. 

Discriminant analysis was applied to superimposition data to identify those variables that reflected the most distinctive skeletal growth changes between the two groups. A 
stepwise variable selection was performed with the goal of obtaining a model with the smallest set of significant discriminant variables between IG and CG. Forward selection 
procedure with F-to-enter and F-to-remove equal to four was chosen. When the smallest set of significant discriminant variables was selected, classification power of the model 
was calculated.



All computations were carried out with the SPSS software package (Statistical Package for the Social Sciences for Windows, version 12.0, SPSS Inc, Chicago, Ill). 

Method error

The error of the data acquisition for the cephalometric method at T1 has been described previously.24 The assessment of the method error for the superimposition study was 
performed with the Dahlberg's formula31 on measures repeated after two months on 15 subjects (10 subjects of the IG group and five subjects of the CG group) randomly 
selected from the two groups. The standard error ranged from 0.4° for SBL angle to 1.1° for Co-Go angle. 
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Descriptive statistics for the two groups and comparison of starting forms are shown in Table 1 . Statistical analysis did not show any significant difference for any 
cephalometric variable between IG and CG when compared at T1.

The results of the comparison of T1-T2 changes on cephalometric superimpositions between the two groups are shown in Table 2 . There were statistically significant 
differences between IG and CG in the Co-Gn angle (P < .001), Co-Go angle (P < .01), RL angle (P < .05), and ML angle (P < .001). All these angles increased significantly 
more in the IG group than in the CG during the observation interval. No statistically significant differences were exhibited between the IG and the CG in the SBL and CTL angles 
on superimposed tracings.

Discriminant analysis on the superimposition data revealed a single discriminant variable between IG and CG: Co-Gn angle. The classification power of the selected variable 
was 70%.
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This study analyzed growth characteristics of the mandible in subjects with infraoccluded deciduous molars at the lower arch with several original investigation features: (1) 
craniofacial growth changes, namely mandibular rotation, were assessed in subjects with infraocclusion of deciduous molars by a longitudinal cephalometric analysis; (2) 
superimpositions on mandibular stable structures were used as an appropriate cephalometric model to evaluate the morphological changes of the mandible and the direction of 
condylar growth; and (3) mandibular growth modifications in subjects with infraocclusion were compared with changes in a matched control group. 

Because of the higher prevalence of infraocclusion in the lower arch and the specific aim of investigating the relationships between mandibular growth and infraocclusion, all 
subjects with infraocclusion enrolled in the study presented with affected deciduous molars in the mandibular arch.

The conceptual bases for this investigation were, on one hand, the demonstrated role of bone turnover in both physiologic and anomalous aspects of tooth eruption through 
resorption/apposition mechanisms of the alveolar bone1,2,7,17,18,32,33 and, on the other hand, the differential growth of the dentoalveolar regions as a function of mandibular 
growth rotation.21,22 

The results of the present study identified a significant relationship between infraocclusion of lower deciduous molars and growth changes of the mandible. The IG showed 
significantly different changes in the morphology and growth direction of the mandible when compared with the controls. In particular, a significantly more anterior direction of 
condylar growth was found in the IG (significantly greater increases for Co-Gn angle as compared with the CG). The mandibular ramus expressed a similar behavior in the IG 
(significantly greater increases for RL angle and Co-Go angle, with respect to CG). All these measurements can be considered as significant signs of anterior mandibular 
rotation. No significant differences between the IG and CG were assessed for the changes in the inclination of the mandible to the cranial base (SBL angle) and for the 
morphology of the anterior contour of the chin (CTL angle). A significantly greater change in the ML angle in the IG vs the CG revealed a significant remodeling at the lower 
border of the mandibular body.

The findings need to be interpreted in terms of either morphological or positional changes of mandibular growth according to the definitions by Ødegaard29 and by Lavergne 
and Gasson.34 Subjects with bilateral infraocclusion of deciduous molars in the lower arch exhibited a significant morphological rotation of the mandible in an anterior direction, 
whereas no significant difference with respect to controls was present when considering the positional rotation of the mandible within the craniofacial complex. It must be noted 
that besides the significant differences in the superimposition data between IG and CG, 100% of the subjects in the IG showed anterior growth direction of condylar growth, 
whereas only 60% of the subjects expressed this mandibular growth pattern in CG. Finally, discriminant analysis revealed that Co-Gn angle (which is the most appropriate 
measurement of morphological rotation of the mandible34) was the single cephalometric variable that produced the most efficient separation between subjects with 
infraocclusion and controls.

Petrovic and coworkers,21,22 demonstrated a higher level of alveolar bone turnover in subjects with morphological anterior growth rotation of the mandible when compared 
with subjects with posterior mandibular rotation. On the basis of these findings, the results of this study indicate that infraocclusion of mandibular deciduous molars is 
associated with a relatively high level of alveolar bone turnover when compared with a normative control group. The abundant alveolar development in the mandibular 
dentoalveolar region in subjects with infraocclusion appears to be involved in the clinical manifestation of tooth submergence, thus confirming previous suggestions on the 
pathogenesis of infraocclusion.1,3,14–16 Regardless of the local etiologic factors for infraocclusion (defective enzymatic activity in the periodontal ligament32 or biochemical 
peculiarities35), the clinical evidence of infraocclusion is derived from the lack of coordination between the remodeling processes at the roots of the deciduous molars and the 
growth characteristics of the surrounding alveolar bone,1,2 which are strictly correlated with mandibular rotational type. 

One of the distinctive features of this study was the use of superimpositions on mandibular stable structures to evaluate the morphological changes of the mandible and the 
direction of condylar growth in the IG when compared with a CG. Previous cephalometric data,11,14 describing the skeletal relationships in subjects with infraocclusion of 
deciduous molars, reported a tendency for increased vertical dimensions of the face in association with the dental anomaly. However, these studies were all cross-sectional in 
nature and, consequently, were not able to derive adequate information about the growth characteristics of craniofacial structures. In the sample with infraocclusion examined 
in this study, no difference was found for the positional inclination of the mandible to the Frankfort Plane at time of first observation with respect to controls. 

The findings of this study emphasize the importance of the analysis of growth characteristics of the craniofacial skeleton, of the mandible especially, in subjects with dental 
anomalies such as infraocclusion of deciduous teeth. Dentoalveolar remodeling processes, because they relate to the growth direction at the skeletal level, can modulate the 
clinical expression of disturbances in tooth development and eruption.
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● In the present longitudinal study, a group of growing subjects with infraocclusion of deciduous molars in the lower arch presented with significant anterior rotation of the 



mandible. This significant association involved measurements of morphological mandibular rotation.

● No significant differences between a group with infraoccluded deciduous molars and a control group were found for the changes in the positional inclination of the 
mandible to the cranial base.

● Because of the demonstrated high levels of alveolar bone turnover and remodeling in anterior rotating mandibles, it is suggested that skeletal growth characteristics of 
the mandible may influence the clinical expression of infraocclusion.
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TABLE 1. Comparison of Starting Forms for Infraocclusion Group (IG) and Control Group (CG) at T1a  
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FIGURE 1. Male subject, eight years and 10 months, infraocclusion group. Panoramic radiograph showing infraocclusion of all four mandibular deciduous molars  

Click on thumbnail for full-sized image. 

FIGURE 2. Cephalometric analysis on mandibular superimpositions. Dotted line tracing, T1; continuous line tracing, T2. Angular measurements: (1) Stable Basicranial Line 
angle; (2) Co-Gn angle; (3) Co-Go angle; (4) Ramus Line angle; (5) Mandibular Line angle; and (6) CTL angle  
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