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Abstract

Background: The predictability of the eruption time of primary teeth has an important place in clinical applications, forensic 
medicine, planning of orthodontic treatments and age estimation.
Aim: In this study, we tried to contribute to dental literature by trying to prove the predictability of the falling time of primary 
teeth.
Design: From the periapical radiographs taken from the patients who applied to the clinic with the complaint of primary 
second molars, primary first molars were detected without caries and with 1 to 3 months to fall. The teeth of the patients for 
whom follow-up was recommended, which were due to fall out and adhered only to the gingiva, were extracted with the help 
of cotton, according to the patient’s complaint. Fall times were recorded.
Results: Null Hypothesis test was applied to estimate the falling time of the teeth followed in the study, and the success rate 
in the 90-day exfoliation period was statistically significant, but no statistically significant difference was found in the 30-day 
samples.
Conclusion: We think that, besides estimating the falling time of primary teeth in stem cell research, orthodontic treatment, 
clinical treatment planning and age determination, examining of primary teeth with correct without causing ethical problems 
will make a significant contribution to the literature.
Clinical Benefit: Naturally and physiologically shedding deciduous teeth are unique ex vivo human tissue resources with 
abundance of multiple cells, including stem cells. The predictability of shedding time of deciduous teeth would be very 
important while planning sensible stem cell experiments.
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Introduction

Stem cells, one of the most important and perhaps the 
most important scientific studies to improve the quality of 
life, are described as cell populations that have the capacity 
of self-renewal in the human organism, are found in all 
tissues, have the potential to live for a very long time, and 
can produce new cells without causing genetic errors [1-

3]. In stem cell studies, teeth, especially dental pulp, have 
importance as a source of stem cells [4]. On the other 
hand, primary teeth are naturally thrown away from the 
body when the time comes. As a source of stem cells, it is a 
controversial issue that human tissues can be obtained easily 
and without creating an ethical problem. For this reason, 
pulp and periodontal ligament tissues of primary teeth that 
have to be pulled out with suitable indications or that have 
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naturally fallen (exfoliated) are quite valuable for stem cell 
research [5-7]. Primary teeth, which are the source of stem 
cells that are the most unproblematic to get ethically; gain 
this qualification by having normal physiological resorption. 
Physiological resorption is the major difference between 
primary and permanent teeth. It has been reported that 
primary teeth in the physiological resorption stage preserve 
pulp tissue integrity until the advanced stages of exfoliation 
[8,9]. It is thought that this situation might have advantages 
for getting stem cells from primary teeth. In addition, it has 
been reported that the greatest difference between primary 
and adult teeth stem cells is that primary teeth stem cells 
have the capacity of higher proliferation and colony forming 
[10-12].

Resorption is a dynamic event based on the destruction 
of hard tissues and the removal of demolished substances 
by cellular elements [13]. The first stage of root resorption, 
which occurs in 4 stages in primary teeth, is the active root 
resorption stage. In a dent in surrounding a Howship lacuna, 
where there are odontoclasts, a 0.5 µm deep demineralization 
area has been formed. In this area, it is observed that the 
organic matrix is completely destroyed [14,15]. In the resting 
phase, which is the second phase when resorption event 
stops and there are no odontoclasts in the environment, the 
tissue crystals or ions released during resorption in order 
to protect the pulp tissue from external factors precipitate 
into the dentin canals of the deeper layers as salt complexes 
again and occlude these canals [15,16]. Since the resorption 
stops in the third stage characterized by cellular cementum 
formation, where root repair is observed, cementoblasts 
have the opportunity to secrete a tissue called presement, 
which can show little mineralization [15]. The stage where 
the resorption process in question in primary teeth is close 
to exfoliation is the last stage [17]. 

When the resorption of the primary tooth root approaches 
to the collet, the gingival epithelium proliferates under the 
root from the collet and separates it from the female organism 
by reuniting with the other epithelial group coming from the 
opposite side. Hence, at a stage close to the completion of 
root resorption, the tooth falls out with a minor trauma. At 
the site of the fallen tooth, a red granulation tissue covered 
by a gingival epithelium is observed. Generally, a very short 
time (1-2 days) after the tooth falls out, the permanent tooth 
appears in this part. However, in the absence of permanent 
tooth germ, primary tooth root resorption occurs [18-20]. 
This resorption occurs more slowly than when there is an 
underlying permanent tooth. Primary tooth roots are more 
susceptible to resorption than permanent tooth roots. The 
resorption process has also been associated with changes 
in the pulp. Dental pulp cells have cytokine-producing cells 
that form osteo/odontoclasts and play a role in exfoliating of 
primary teeth [21-24].

Primary tooth resorption and subsequent eruption 
of permanent teeth is a process that affects the normal 
development of the craniofacial complex. The presence of 
a reliable predictor of deciduous tooth resorption status 
may be useful for the planning of orthodontic treatments in 
cases in which extraction and closure of the primary teeth 
are not recommended and there is no shortage of space. 
The treatment of delayed primary tooth resorption differs 
depending on the eruption of the underlying permanent 
tooth germ. In addition to this, treatments are recommended 
for the resorption of delayed primary tooth, such as removing 
obstacles in eruption and ensuring that the tooth erupts with 
orthodontic treatment or spontaneously. Shortly, it has been 
reported that the physiological resorption of primary teeth 
might affect the duration of orthodontic treatment and the 
amount of force applied to the tooth [25,26]. On the other 
hand, it has been indicated in the studies that structural 
changes in the tooth which includes root resorption could be 
used to define the age [27,28].

Primary teeth exist in 3 different periods in the mouth: 
crown and root development, root maturation and root 
resorption-tooth loss. The developmental period takes about 
1 year, root maturation about 3 ¾ years, and root resorption 
and tooth eruption about 3 ½ years [13]. In the study by 
Yıldırım S [25], the length of each extracted primary tooth 
was measured to determine the resorption phase, and the 
root surface length was determined as the distance between 
the enamel-cementum junction and the most apical part of 
the intact cementum surface. Teeth with a root length of up 
to 1-3 mm from the enamel-cementum line were evaluated 
as teeth that had completed their resorption [25]. In the light 
of this information, we can estimate the approximate time 
that the primary tooth will fall out with additional x-rays 
depending on the age of the patient. The age of the patient 
depending on the tooth structure might be estimated with 
the radiographs taken in the studies [29]. The aim of this 
study is to indicate the predictability of the eruption time of 
primary teeth during routine pedodontic treatments. In this 
study, in the light of the above information, we planned this 
study with the aim of accurately predicting the estimated 
time of falling out depending on the age of the patient and 
the duration of the fall of primary teeth in the radiographs 
taken in the absence of any systemic disease, pathology, or 
absence of any underlying permanent tooth.

Material and Methods

Inclusion Criteria

The applicants to the Karamanoğlu Mehmetbey 
University Ahmet Keleşoğlu Faculty of Dentistry Pedodontic 
Clinic whose general health status and oral hygiene were 
good, cooperative, and also the patients with primary 
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first molar teeth whose time to exfoliate in the mouth was 
approximately 1 mouth (n=30) or 3 months (n=30) were 
included. Since it is known that the exfoliation time of a 
primary tooth that has started to resorb can be determined 
radiographically in resorptions exceeding the root 1/3 
distance and it is known that there is approximately 1-3 
months before the exfoliation of a tooth that has completed 
root 2/3 resorption.

Study Setting and Design

Furseth R [30], the said exfoliation times can be 
determined approximately. Teeth with advanced root 
resorption were included in the 1-month part of the study, 
whereas teeth that completed 2/3 root resorption were 
included in the 3-month part. These resorption stages were 
determined radiographically and classified according to 
Şimşek and Durutürk [31] (Table 1). The teeth in the 1/B 
group according to the resorption degree of this classification 
formed the study group.

Caries lesion depth
1 Caries-free or enamel caries
2 Superficial dentin caries
3 Deep dentin caries

Root resorption degrees
A If the degree of root resorption includes 0-1/3 of the root length
B If the degree of root resorption includes 1/3-2/3 of the root length

Combination of depth of carious lesion and degrees of root resorption
1/A Depth of lesion without caries or 1st degree, degree of root resorption 0-1/3
1/B Depth of lesion without caries or 1st degree, degree of root resorption 1/3-2/3
2/A 2nd degree lesion depth, root resorption degree 0-1/3
2/B 2nd degree lesion depth, root resorption degree 1/3-2/3
3/A 3nd degree lesion depth, root resorption degree 0-1/3
3/B 3nd degree lesion depth, root resorption degree 1/3-2/3

Despite the differences in the depth of the caries lesion, all carious and non-carious teeth
4/A All decayed and non-carious teeth, root resorption degree 0-1/3
4/B All decayed and non-carious teeth, root resorption degree 1/3-2/3

All resorbed teeth despite differences in degree of root resorption (C)
1/C All resorbed teeth, free of caries or lesion depth 1
2/C All resorbed teeth, free of caries or lesion depth 2
3/C All resorbed teeth, free of caries or lesion depth 3

Table 1: Depth of tooth decay and degrees of root resorption and combination of these parameters.

Ethical Approval

Approval numbered 04-2021/17 was obtained from the 
Ethics Committee of Karamanoğlu Mehmetbey University 
Faculty of Medicine for the study. The parents of the children 
who suit the research criteria were informed about the study 
and the “Informed Volunteer Consent Form to participate in 
a Clinical or Experimental Study” was read and their written 
consent was obtained.

Methodology

In the study, the operations on the indicated teeth of the 

patients which form the samples were continued and the 
completion of physiological root resorption was followed 
with frequent controls. In the controls, it was aimed to pull 
out the patient’s tooth in the normal exfoliation process 
under the supervision of a dentist in order to prevent it from 
being swallowed during eating due to the patient’s complaint 
when it comes to the stage where they are attached by 
mucosal retention.

Statistical Analysis

Data were collected and analysed with the Null 
Hypothesis.
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Findings

The exfoliation times of the teeth according to the age 

gender of the patient included in the study are given in Table 
2.

Patient’s gender 
and age (3 months)

Tooth number 
(3 months)

Exfoliationtime (3 
months)

Patient’s gender 
and age (1 months)

Tooth number 
(1 months)

Exfoliation time 
(1 months)

F;9 74/84 81 day/93 day F;10 54/74 23 day/25 day
M;10 54 103 day F;9 74/84 30 day/36 day
F;9 74/84 110 day/97 day F;10 74/84 21 day/28 day

F;10 74/84 86 day/99 day F;8 64 33 day
F;9 64 98 day M;10 64 26 day

M;10 64 107 day F;9 74/84 23 day/32 day
F;8 54 109 day F;9 74/84 22 day/38 day
F;9 64 101 day F;8 54 30 day
F;9 74/84 80 day/96 day M;9 84 37 day

M;10 54 92 day M;9 84 33 day
F;9 54 91 day F;9 84 39 day

F;10 54/74 84 day/96 day F;10 74 32 day
F;9 64/74 85 day/80 day F;9 84/74 21 day/38 day
M;9 84/54 99 day/94 day M;9 64 25 day
F;9 54 98 day M;9 74 27 day
F;9 84 99 day M;10 54/74 30 day/39 day

M;10 74/84 82 day/94 day F;9 84/74 22 day/26 day
F;8 54 88 day F;9 74 21 day
M;9 54/64 95 day/90 day F;10 84 29 day
M;9 54/64 83 day/85 day F;11 84 33 day

F;9 74 30 day
F;9 64 36 day

Table 2: The exfoliation times of the teeth, which are thought to exfoliate in 3 months and 1 month, after the first examination:
*F: Female, M: male (F;9, 9 years old female patient).

The Null Hypothesis test was used for the success rates 
of predictability in exfoliation periods. Accordingly, the 
success rate in the 90-day exfoliation period was statistically 
significant (P<0.05). No statistically significant difference 
was found in the 30-day samples (P>0.05). However, there is 
no statistical difference between 30 day and 90 day (Table 3).

Exfolation Time N Mean± St.Dev
30 day 30 5,666±0,572
90 day 30 5,845±0,268

Table 3: There is no statistically significant difference 
between exfoliation periods (p>0.05).

Discussion

In this study, it was tried to prove the radiographically 
predictability of physiological resorption in human primary 
teeth. Obtained results show that the exfoliation times of 
primary teeth in children without any systemic disease can 
be estimated statistically significant and with a quite high 
degree of accuracy, depending on the periapical radiographs 
taken. Primary teeth fall out and they are discarded when 
it is time for exfoliation in the natural flow of life. Avery JK 
[13] stated that the root resorption and tooth eruption will 
take approximately 3½ years. In their study to investigate 
the causes of primary tooth extraction; Tunc ES, et al. [32] 
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found that the extraction rate due to physiological fall time is 
53.3%. In this study, it is proved that primary teeth exfoliate 
in a statistically significant predicted time. Nevertheless, 
as proved in this study, it is believed that it will be an 
advantage in stem cell studies in terms of follow-up, control 
and tissue preservation, as teeth on different sides (for 
example, primary first molars) of the same jaws of the same 
patients will be symmetrically resorbed and exfoliated in a 
near period of time. In 2003, Miura M, et al. [7] found that 
primary teeth could be an ideal source of stem cells to repair 
damaged tooth structures, induce bone regeneration, and 
possibly treat neural tissue injury or degenerative diseases.

Thus, it has been reported that primary teeth are the 
most unproblematic tissues which can be used as a source of 
stem cells politically and ethically [7,33-35]. Lee S, et al. [36] 
compared mesenchymal root/progenitor cells obtained from 
supernumerary teeth with stem cells obtained from human 
exfoliated primary teeth, and found that the proliferation 
rate of supernumerary dental pulp stem cells was lower than 
that of pulpal stem cells in exfoliated primary teeth. Wang 
X, et al. [12] compared stem cells obtained from human 
primary tooth and permanent dental pulp stem cells in vitro, 
and showed that primary tooth stem cells showed higher 
proliferation rate and differentiation ability compared to 
permanent dental pulp stem cells; even so, they found out 
that the stem cells of the teeth have a higher mineralization 
ability compared to the permanent teeth as vitro. From this 
point of view, it seems that potential exfoliating primary 
teeth are the most suitable, the most accessible and ethically 
the most fretless teeth to obtain high-quality mesenchymal 
stem cells. Similarly, Saez DM, et al. [37] reviewed extant 
information based on the keywords and/or abbreviations 
of ‘stem cells from human exfoliated primary teeth’ from the 
full-text scientific studies published between 2003 and 2015 
and concluded that on account of high proliferative capacity, 
easy access, multiline age differentiation capacity, non-
invasiveness, and few ethical concerns, stem cells derived 
from human exfoliated primary teeth are the most valuable 
source of stem cells for tissue engineering and cell-based 
regenerative medicine treatments.

Primary tooth root resorption is one of the important 
factors to be considered while planning treatment in 
clinics. It has been shown that the success rate of root canal 
treatments in teeth without root resorption is 91.7%, and 
this rate drops to 23.1% in cases where root resorption is 
more than 1 mm. As a result of this, it was stated that the 
existing root resorption degree before treatment is the most 
important determining factor in the success of primary 
tooth root canal treatments [38]. It has been reported that 
physiological root resorption of primary teeth should not 
be ignored while root canal filling pastes used in the root 

canal treatment of primary teeth are preferred in pedodontic 
clinics [39]. The same goes for amputation treatment. Root 
resorption and estimated exfoliation time should be taken 
into consideration at the indication stage. In the study, it was 
stated that amputation is not preferred for patients at this age 
group, considering that physiological root resorption might 
be fairly advanced in children older than 8 years [40]. From 
this point of view, the estimation of the eruption time of the 
primary tooth is one of the most important factors affecting 
the treatment process in routine clinical studies [41].

When it can be predicted when the teeth will fall out 
radiographically, it can help the patient have less trauma 
because of extraction in orthodontic treatments that require 
primary tooth extraction, because if the primary tooth is to 
be used in orthodontic treatments, the root resorption of the 
primary tooth will be accelerated by orthodontic strengths 
and the tooth will be exfoliated early. In such cases, it should 
be seriously evaluated whether the use of primary teeth in 
orthodontic treatment planning and the patient’s exposure 
to early root resorption will provide more benefits for her 
or him. It has been suggested that the start of the treatment 
process can be delayed until the patient’s completion of the 
mixed dentition, when it is predicted when the primary teeth 
will fall out in the x-rays [21].

In this case, the treatments for primary teeth, whose 
fall time can be predicted, can be planned. Clinically 
asymptomatic teeth with hard dentin caries that will fall 
out in the near future, can be left in the mouth without 
intervention with rotary instruments within the scope 
of Ultra conservative treatment (UCT), with the hygiene 
training given to the patient and regular controls [42,43]. It is 
believed that the predictability of the exfoliation of primary 
teeth will make significant contributions to the literature in 
the research and understanding of dental tissues within the 
ethics committee approval, considering the ethical concerns 
that cause substantial discussions today.

Conclusion

In our study, primary teeth with root resorption, which 
are predicted to fall out after one month and three months, 
were evaluated. During the observation phase of one and 
three months, it was observed that the teeth were exfoliated 
to approximately coincide with this phase. We think that 
these results will primarily aid stem cell studies in the 
future, and will also guide in orthodontic treatments and 
help plan the treatments be applied to teeth of which falling 
times are predicted. Besides, we believe that the estimation 
of the falling time can make significant contributions to the 
literature, inasmuch as the deciduous tooth tissues can be 
examined in the laboratory environment.
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Ethical Approval

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards.

Informed Consent

Informed consent was obtained from all individual 
participants included in the study.
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