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Abstract: Dental ankylosis is a serious condition defined as the process that causes the fusion between
the dentin or the cementum of the root and the alveolar bone, with the obliteration of the periodontal
ligament becoming progressively replaced by bone tissue. The aim of the study was to determine
the prevalence, location, severity, and association of dental ankylosis in primary molars with other
dental anomalies such as the agenesis of permanent buds. For this study 150 panoramic x-rays were
selected from patients with temporary or mixed dentition, aged six to twelve years old, from a private
dentistry office and from the Pediatric Dentistry Department of UMFST in Targu-Mures, Romania.
In order to identify the cases with dental ankylosis, the presence and severity of the infraocclusion,
displacements of the neighboring teeth, the appearance of the root area, and the relationship with
the bone tissue were examined. For evaluation of the categorical data we used Fischer’s exact test
and the Chi-squared test and the chosen significance level was set at 0.05. The results showed that
the highest percentage of cases with ankylosis was found in the first group (six to nine years old),
respectively, with 72% of cases compared with the second group (ten to twelve years old) with 28% of
cases. Findings showed that there was no positive association between dental ankylosis and gender,
but a strong correlation was found regarding the location on the dental arches. Most cases were
identified on the lower arch with a higher percentage in quadrant three. Of the two primary molars,
the most affected by ankylosis was the first molar in quadrant three, followed by the second molar,
and finally the first molar in quadrant four. Most cases diagnosed with ankylosis had a mild to
moderate degree of infraocclusion; therefore, changes in the functional balance of the dental arch and
on neighboring teeth were insignificant. There were some differences obtained between our results
and studies from the literature, especially regarding the localization in the lower left dental arch, but
these differences can be attributed to the number of the subjects selected and from the methodology
of dental ankylosis diagnosis. Based on the data obtained, it was concluded that ankylosis is a dental
condition which occurs in children in early mixed dentition, especially in the lower arch, with the
first primary molar being the most affected tooth. The presence of infraocclusion and the absence of
dental mobility, especially during the stage of primary molars’ root resorption, are the main signs
which must be followed to make an early diagnosis and prevent further complications.

Keywords: dental ankylosis; infraocclusion; primary molars; dental mobility

1. Introduction

Dental ankylosis is an eruptive abnormality characterized by the fusion between the
dentin or the cementum of the root and the surrounding bone, with the obliteration of the
periodontal ligament that will be progressively replaced by bone tissue [1]. It can occur in
any stage of tooth eruption, either before the complete eruption in the oral cavity (primary
retention) or after the tooth has reached the occlusal plane (secondary retention) [2].
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According to Andlaw (1974) the frequency of dental ankylosis has been reported to be
between 1.3% and 38.5% [3] and the high incidence of ankylosed primary teeth was seen in
children between ages seven and eleven [4–7].

A simple classification of this dental abnormality can be described as slight, moder-
ate, or severe. According to this classification, “slight” is defined as being between the
occlusal surface and the proximal contact; “moderate” being within the occlusal, gingi-
val dimensions of inter-proximal contact points; and “severe” being anywhere below the
interproximal contact point [8].

In the last few years, two theories have been proposed in the etiology. The first theory
identifies local factors as the main causes and the second theory focuses on genetic factors;
however, so far, no responsible genes have been identified [9].

One of the theories states that any disruption in the continuity of the periodontal
ligament caused by trauma can lead to the onset of the degenerative processes that will
result in the fusion between tooth and bone [10]. If the trauma produced limited lesions, a
slight osteoclastic activity will be initiated on the root surface which involves resorption
and repair, resulting in healing by depositing new fibers on the cement surface [11].

If the periodontal ligament is completely destroyed, without healing capacity, there
will be a gradual replacement of the root with bone and a progressive dental ankylosis
will occur; therefore, early diagnosis is essential to prevent complications [12]. Another
theory is based on local factors that cause disturbances of the local metabolism that will
degenerate the periodontal ligament. The loss of contact between the root surface and the
bone results in their fusion.

The diagnosis of dental ankylosis is established following clinical and preclinical
investigations and it is essential to be as early as possible [10,13]. The affected tooth is
unable to perform the post eruptive movements, thus, it will remain in infraposition with
the degree of infraocclusion ranging from 1 mm to complete retention under the gingival
tissue, a situation known as severe ankylosis [14,15].

Radiological examination is essential for the diagnosis of ankylosis. Radiological
images will show the fusion between the bone and the root surface as well as the absence
of periodontal space. Additionally, the roots lose their opacity and, in cases of severe
ankylosis, there is no clear delimitation from the surrounding bone [10,12].

Ankylosis of primary molars can cause severe clinical consequences in the growing
child including tooth infraocclusion and vertical bone defect, tipping of adjacent teeth into
the space of infraocclusion causing loss of arch space, dental asymmetry, midline deviation
and impaction of the ankylosed tooth and its successor, supra-eruption of opposing teeth,
and deflected path of eruption of successors, with displacement in the form of tipping and
ectopic eruption of successors [8,16]. Extensive bony ankylosed primary molars interfere
with the exfoliation and eruption of the permanent successors [16,17]. There is currently
no therapeutic algorithm of choice but based on the existing studies most cases of dental
ankylosis can be treated properly. Therapeutic approach depends on the presence of a
permanent bud, diagnosis timing, and severity of infraocclusion [18].

Most authors recommend early extraction of the ankylosed primary tooth and sub-
sequent space management, particularly when patients are in the stages of early mixed
dentition [19,20]. The main objective of this study is to identify the prevalence, location,
severity, and association of dental ankylosis with agenesis of permanent tooth buds using
panoramic x-rays selected from a group of Romanian children.

2. Materials and Methods

This study was conducted between October 2019 and May 2021, in accordance with
the Declaration of Helsinki and was approved by the Ethics Committee of Human Research
(protocol code 019; date of approval was 10 October 2019). The patients were informed
about the purpose of the study and their written consent was obtained. The study group
consisted of 180 subjects with temporary and mixed dentition. The sample group included
boys and girls aged between six and twelve years old selected from a private dentistry
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office and from the Pediatric Dentistry Department, UMFST in Targu-Mures, Romania. The
subjects were involved in the study indirectly by using panoramic x-rays of their cases. The
main selection criteria were that subjects had temporary or mixed dentition and at least one
quadrant of the support area without destruction, restorations of the crowns, or extractions.
The exclusion criteria involved complete destruction of the support areas, poor quality of
radiographs such as distortion that did not allow for the identification of different degrees
of infraocclusion, which is considered to be the main sign of dental ankylosis.

After evaluation based on the main criteria, only 150 panoramic radiographs were
selected: 78 from girls and 72 from boys. The participants’ radiographs were divided into
two main age sub-groups as follows:

• Group 1: radiographs from six to nine years old included (n = 70);
• Group 2: radiographs from ten to twelve years old included (n = 80).

A sample size calculator was used to determine whether the number of subjects
included in this study was large enough to generalize the findings regarding the prevalence
of dental ankylosis and agenesis of permanent buds. If 50 more patients had been included
in the original number of subjects, the sample size would have been optimal.

The diagnosis of dental ankylosis involved radiographic examination. In the study
group the diagnosis was informed by the presence of different degrees of infraocclusion
and the appearance of adjacent bone (the loss of periodontal space).

The diagnosis of a primary molar with infraocclusion was performed using the occlusal
plane and neighboring teeth as references, after which the ankylosed tooth was compared
with the corresponding molar in the opposite quadrant. The radiographic aspect of the
surrounding bone was not considered because of its variability.

The analysis of the panoramic x-rays was performed twice by two examiners at an
interval of at least two weeks, under optimal conditions, using a white-light illuminator
and the data obtained were systematized as follows:

• The presence of infraocclusion in primary molars;
• The severity of infraocclusion: slight (less than 1 mm), moderate (over 1 mm), and

severe infraocclusion (the occlusal surface is below the level of the contact points);
• The position in the dental arch and in the quadrant;
• The most frequently affected molar;
• The age and sex of the subjects;
• The absence of permanent buds.

3. Statistical Analysis

All data was collected in Microsoft Excel work sheets (Microsoft Corporation, 2018,
Redmond, WA, USA). The statistical analysis was carried out in GraphPad Prism version
8.0.0 for Windows (GraphPad Software, San Diego, CA, USA). Data normality was deter-
mined using the Kolmogorov–Smirnov test. For evaluation of the categorical data, we used
Fischer’s exact test and the Chi-squared test. The chosen significance level was set at 0.05.

4. Results

A total of 180 panoramic x-rays were initially included in the study and after evaluation
based on the inclusion/exclusion selection criteria only 150 radiographs remained, of which
72 were from male patients and 78 were from female patients aged between six and twelve
years old, with an average age of 8.2 years. The characteristics of the subjects and the main
results are summarized in Table 1.

Out of the 150 radiographs included in the study, only eighteen (n = 18) radiographs
showed specific signs of dental ankylosis associated with different degrees of infraocclusion.
Twelve cases (n = 12) of agenesis of the permanent bud (premolars) were found from the
total of 150 subjects. No positive association for the prevalence of dental ankylosis was
found between genders (p = 0.9439) or agenesis of permanent buds (p = 0.7673).
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Table 1. The characteristics of the subjects analyzed in the study.

Characteristics
Frequency Percentage

(n) (%)

Radiographs 150
Gender

Boys 72 48
Girls 78 52

Age group
6 to 9 years 70 46.6

10 to12 years 80 53.3
Ankylosis 18

Boys 8 44
Girls 10 56

Agenesis ofpermanent bud 12
Boys 5 41.66
Girls 7 58.33

With regard to the age group, it was observed that a statistical difference exists between
the two groups. The highest percentage of ankylosis was found in the first group (six to
nine years old) with thirteen radiographs (n = 13) which equates to 72% compared with the
second group (aged ten to twelve years old) with five radiographs (n = 5) equating to only
28%. The difference between the two age groups was found to be statistically significant
(p = 0.024). (Table 2, Figure 1).

Table 2. Distribution of dental ankylosis according to age.

Group 1 (Six to Nine) 2 (Ten to Twelve) Total

Age (years) 6 7 8 9 10 11 12

Number of
radiographs

(n)
4 3 3 3 1 1 3 18

Percentage
(%) 22 17 17 17 5 5 17 100
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Figure 1. Distribution of dental ankylosis according to the age of the subjects.

The highest prevalence of ankylosis occurred in Group 1, in those with early mixed
dentition. The rates are as follows: four cases (n = 4) at the age of six (22%); followed by the
ages of seven, eight, and nine each with three cases (n = 3), equating to a percentage of 17%
of participants in each of those three ages diagnosed with dental ankylosis.
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With regard to the association of ankylosis with other dental anomalies, twelve cases
(n = 12) of the agenesis of permanent buds were found in the study group. Out of these
cases, five (n = 5) were boys and seven (n = 7) were girls. Eight cases (n = 8) with agenesis
were simultaneously associated with dental ankylosis, equating to a percentage of 44%.
In six subjects (n = 6), the agenesis was bilateral equating to 75% of cases, while in the
remaining two cases (n = 2) the agenesis was unilateral.

A higher percentage of cases was observed in the third quadrant, followed by the
fourth quadrant. Therefore, of the total of 30 molars diagnosed with ankylosis: seventeen
molars (n = 17), or 57% of cases, were located in the third quadrant; twelve molars (n = 12),
or 40%, were located in the fourth quadrant; a single molar (3%) was located in the second
quadrant; and none in quadrant one (Table 3).

Table 3. Distribution of ankylosis based on location.

Location 2nd Quadrant 3rd Quadrant 4th Quadrant Upper Jaw Lower Jaw

Number of
molars (n) 1 17 12 1 29

Percentage (%) 3 57 40 3 97

Out of the eighteen radiographs (n = 18) showing signs of ankylosis, the total number of
affected molars was thirty (n = 30), of which six subjects (n = 6), or 33%, had a single affected
molar and twelve subjects (n = 12), or 67%, had two affected molars. The distribution on
each molar is presented in Table 4.

Table 4. Number of ankylosis cases on each primary molar.

Primary Molar 64 74 75 84 85

Number of cases 1 11 7 6 5
Percentage 3 37 23 20 17

With regard to the degree of infraocclusion, it was observed that out of the thirty
(n = 30) molars with ankylosis, seventeen molars (n = 17), or 57%, had slight infraocclusion
(less than 1 mm); thirteen molars (n = 13), or 43%, had moderate infraocclusion (over 1 mm);
and no molars showed signs of severe infraocclusion (the occlusion plane of the affected
molar was located below the contact point).

Due to the fact that most of the cases had a mild infraocclusion, a small percentage
of pathological dental migration was observed. Five cases (n = 5), or 17%, out of the
thirty subjects diagnosed with ankylosis showed this pathological dental migration. Dental
ankylosis did not affect the exfoliation process; thus, out of the thirty cases (n = 30), only
six molars (n = 6) show signs of late exfoliation (20%).

5. Discussions

This study aimed to evaluate the prevalence, location, severity, and association with
agenesis of the permanent bud of dental ankylosis on a group of Romanian subjects with
temporary and mixed dentation.

For a precise diagnosis of dental ankylosis, both a clinical and radiological examination
is nedeed, because the onset occurs on a single surface of the root and the panoramic
radiograph that provides a two-dimensional image is sometimes insufficient for a definite
diagnosis [21].

In this study, dental ankylosis had a prevalence of 12%, a result very similar to the
10.4% obtained by Zuniga-Tertre et al. in 2004 [22]. However, in another study conducted in
2018 by Venza N., a prevalence of 2.8% was obtained [23]. These differences are likely due
to the major influence that the selection criteria and the ethnicity of the studied populations
had on the results.

According to the results, dental ankylosis occurred with a higher prevalence in the
early stage of mixed dentition in children aged 6 to 9 years. This result is similar to existing



Children 2022, 9, 1188 6 of 8

studies [24,25]. The prevalence of this condition is ten times higher in decidual dentition
than in permanent dentition, with a percentage of 1.3–8.9% in children aged 6–10 years in
the first stage of mixed dentition, according to the literature [10]. Zuniga-Tertre et al. (2004)
observed a maximum prevalence between six to eight years and another study conducted
in 2009 by Loriato found the maximum incidence occurred between seven to nine years [26].
Since this study a criterion for diagnosis of dental ankylosis was the presence of an already
infraoccluded molar, the exact moment of onset cannot be determined.

Regarding the distribution by gender, the findings showed that there were no statis-
tically significant differences between genders for the prevalence of ankylosis, which is
similar to most existing studies where there was no predilection for boys or girls. However,
there are some studies with different results. For example, a study conducted in 2017
reports a higher incidence in girls where out of 402 subjects with ankylosis 238 were girls
and 164 boys [27].

The present results showed that lower molars were much more affected by ankylosis
than upper molars, which is in accordance with the literature as it supports the finding that
this condition primarily affects the lower dental arch. A very representative example is a
study conducted in 2018 by Venza N. et al. on 4706 subjects, which identified 189 cases
in the mandible and only 36 in the upper jaw [23]. According to other studies, the lower
primary molars are ten times more affected compared to the upper molars.

Some contradiction exists between the results of this study and other existing findings.
Specifically with regard to the quadrant most frequently affected by ankylosis. In this
study a higher prevalence of ankylosis was found in quadrant three, followed by quadrant
four. However, most studies support the conclusion that this condition does not affect a
particular quadrant and that the frequency was relatively equal between the right and the
left side [23,28]. There are also a small number of studies showing that the incidence of
ankylosis is higher in the primary right molars [22,27]. However, it is possible that these
differences may be influenced by the number of subjects included in the study. If 50 more
patients would have been included in the original number of subjects, the results would
have been more accurate.

The present results show that the first lower primary molar was the most frequently
affected with higher incidence in quadrant three. This was followed by the second lower
primary molar in quadrant three and then the first and second upper molars.

Another aspect that was noticed in this study is the age of those affected. Ankylosis of
the primary first molar occurred at a younger age compared to the second molar.

This result was different from most studies as the second primary molar has been
reported to be more often affected [23,26]. However, an earlier study by Zuniga-Tertre
et al. supports our results. This variability can probably be attributed to the number of
subjects included in the study, but also to the fact that the diagnosis of dental ankylosis was
based only on infraoccluded primary molars. The degree of infraocclusion was, in most
cases, slight or moderate and, thus, it is possible to have missed a diagnosis of ankylosis in
another molar. Moreover, in the present study, the diagnosis of dental ankylosis was based
only on radiological criteria; therefore, subjects undergoing orthodontic treatment were not
identified which could have influenced the variability of the results.

According to the results, a higher percentage of cases with ankylosis had mild to
moderate infraocclusion and there were no cases with severe infraocclusion. These findings
correspond to most existing studies. For example, in their study Zuniga-Tertre et al.
reported a slight infraocclusion in 69.7% of cases with ankylosis [22].

Ankylosis of primary molars almost always causes infraocclusion compared to the
adjacent teeth because the ankylosed tooth becomes immobile, which is related to the
eruption changes that occur with growth [29]. The degree of infraocculsion depends
mainly on the stage of occlusal development at the time when ankylosis occurs, causing
negative effects such as loss of space or the onset of carious lesions due to difficult oral
hygiene conditions [30,31]. Considering these factors, it is recommended that all cases
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with infraoccluded primary molars be monitored carefully to ensure normal exfoliation,
especially when the permanent tooth bud is present.

In this study, agenesis of a premolar bud associated with ankylosis occurred in eight
out of eighteen radiographs. Six cases (75%) were bilateral, and the two remaining cases
were unilateral. This implies that there is an indirect correlation between the two dental
anomalies with different etiological factors. A study published in 2018 [28] reports that
65.7% of subjects with premolar agenesis also had ankylosis of primary molars and consid-
ered that hypodontia represents a possible etiological factor in ankylosis of these molars. In
another study [32], it was observed that the association of premolar agenesis and ankylosis
of the second primary molars had a prevalence of 18%, which is contrary to the hypothesis
that in the etiology of ankylosis the main role is played by local factors and supports the
genetic origin of this condition.

Limitations of the Study

We must mention that the study had some limitations regarding the size of the sample
group and the methodology of dental ankylosis diagnosis, which involved only radiolog-
ical features and no clinical examination. This study is ongoing and further results will
be published.

6. Conclusions

In the present study, the prevalence of dental ankylosis was higher in the early stage
of mixed dentition (six to nine years old) and a higher percentage of cases was observed in
the third quadrant, especially in the first primary molars. More than half of the subjects
diagnosed with ankylosis were girls, but the difference in distribution by gender was not
statistically significant and in most cases the degree of infraocclusion was slight to moderate.

The variations of the results depend on the populations selected for the study, the
methodology of the study, and the inclusion/exclusion criteria.

This study offers a good foundation for future research on this topic and cannot be
ignored, as other authors have had similar findings using larger sample groups.
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