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Abstract: The aim of the present study was to analyse root resorption of the primary mandibular
molars and their relationship with their permanent successors and the age of the patient. Methods:
The sample consisted of 408 digital panoramic radiographs. The mesial and distal crown-to-root
ratios (CRR) of #74 and #75 were calculated by dividing the measures of the length of each root by
its coronal height. The Demirjian formation stage of the premolar was established, and dental age
was determined. A descriptive and statistical analysis was performed using SPSS to determine the
correlation between the variables (Pearson’s correlation coefficient) and to identify the differences
between them (Student’s t-test), with a confidence level of 95%. Results: 723 molars were measured,
and tables of CRR depending on dental and chronological age were obtained. The CRR decreased
with increasing dental and chronological age, but not uniformly. The CRR of #74 and #75 decreased
slightly when the successor premolar was in the initial stages of formation. Gender differences were
obtained with respect to chronological age, mainly in girls, because the root resorption of #74 was
always more advanced, and the formation of the #34 more advanced. Conclusions: Root resorption
of the molar is slight and progressive when the successor premolar begins formation until stage D,
and becomes higher starting at stage E. It is possible to determine the state of the child’s maturation
and the CRR according to dental and chronological age.

Keywords: dental root resorption; paediatric dentistry; root resorption; dental age; crown-to-root ratio

1. Introduction

Root resorption of primary teeth is a physiological process whose aetiology is not
yet fully known [1,2]. Permanent teeth play a very important role, as they exert pressure
that causes the release of monocytes, which become osteoclasts and odontoclasts, initiat-
ing resorption [3–5]. Therefore, other factors are involved, such as hereditary, endocrine,
nutritional, and local factors (inflammatory processes, vascularization at the site of resorp-
tion, and occlusal trauma) [1–4,6–8]. However, root resorption also occurs without the
permanent successor, although it is usually delayed, and the primary molar may present
infraocclusion [9–12].

Very few studies have assessed this physiological event. Almost all of the studies are
longitudinal, and several have been carried out in animals. The first author to publish data
on the subject was Elizabeth A. Fanning in 1961, who established how the primary teeth
are resorbed in seven stages [11]. Years later, Bjerklin et al. published another longitudinal
study about resorption of second primary molars without a permanent successor. Their
method established six stages, and explained resorption of each root independently [9].
Regarding the relationship between the roots of primary molars and the development of
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premolar successors, in 1973, Haavikko studied the relationship between resorption of
primary teeth and formation of their permanent successors in a sample of 885 orthopanto-
mographies from children between 2 and 13 years old. They observed that premolars have
between half and three-quarters of their crown formed when root resorption of primary
molars begins, and the permanent successors have formed between one-half and three-
quarters of their roots when the resorption of the primary teeth is complete [13]. The germ
of the lower premolar is ideally positioned between the roots of the primary lower molar,
which guides its eruptive path. At an early stage of development, it is very common to find
a distal inclination in this germ, but it moves from an inclined to a more vertical position
during growth [14,15]. However, an abnormal position of the germ and an altered eruptive
trajectory can lead to asymmetric resorption of primary molar roots [2]. The aim of the
study was to measure root resorption in primary molars at a specific time, and to relate it
to premolar successor development and with dental and chronological age of the patient.

2. Materials and Methods

A retrospective cross-sectional radiographic study was carried out according to the
Declaration of Helsinki’s ethical principles for medical research involving human subjects.
Informed consent from patients and/or their legal guardians was obtained from all the
children before conducting the research.

We obtained the list of all the panoramic radiographs of active patients in the master’s
degree in paediatric dentistry. The period of time that the study lasted was two academic
years. The initial number of orthopantomographs analysed was 1974, and after applying
the inclusion and exclusion criteria, the sample was comprised of 408 digital panoramic
radiographs (225 boys and 183 girls). All radiographs were taken at the School of Dentistry,
Complutense University of Madrid, Spain. All the records were obtained with the same
X-ray machine (Instrumentarium Orthopantomograph® OP30) and parameters, with a
known magnification of 25%, being taken in natural head position and by the same person.
The records were requested for diagnostic purposes unrelated to this study.

The inclusion criteria for selecting the sample were orthopantomographs from patients
between 4 and 12 years old. At least one of the two primary mandibular left molars must
have been present on the X-ray. The exclusion criteria were as follows: patients with
systemic or syndromic disease or congenital maxillofacial malformation, X-rays with dental
alterations that could affect odontogenesis, agenesis of a permanent mandibular left tooth,
and other alterations in the primary mandibular left first and/or second molars, such as
pathological wear, dental trauma, extensive caries, large reconstructions, pathology and/or
pulpal treatment, local morphological alterations, and atypical root resorptions. In addition,
radiographs with ectopic eruptions, morphological alterations, or premolar successors in a
rotated position were excluded.

The measurement was made using conventionally printed radiographs, with a tabletop
negatoscope and with artificial light (blinds lowered) to avoid light variations. In each
session, a maximum of 30 radiographs were evaluated to avoid operator fatigue, and these
were measured with the naked eye (without magnifications) with a precision calibre with
fine points (Dentaurum 042-751 Zürcher model, precision of one tenth of a millimetre). Two
pre-calibrated examiners analysed the radiographs, the first being the main researcher, and
the other a second examiner that served as support to the main examiner, analysing samples
in which the first examiner had doubts in order to reach an agreement. The main researcher
evaluated all the of samples, and a month later examined nearly 15% of the sample again
as randomly selected orthopantomographs (n = 37) in order to obtain inter-examinator
concordance. A second examiner analysed nearly 15% of the sample as randomly selected
radiographs (n = 36), and calculated the CRR in 202 first and 232 s primary molars to carry
out the inter-examinator concordance.

We based our study on the methods proposed by Black [16] and Ash [17] with modifi-
cations, as some anatomical points of the measurements indicated by these authors are not
visible radiographically. The following parameters were obtained:
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• Crown height was calculated as the distance between the line that links the mesial and
distal cemento-enamel junctions and the highest point of the occlusal surface of the
molar (Figure 1).

• Mesial root length was calculated as the distance between the mesial cemento-enamel
junction and the most apical point of the mesial root.

• Distal radicular length was calculated in the same way as mesial root length, but in
the distal molar area (Figure 1).

• Mesial and distal crown-to-root ratios (CRR-m and CRR-d, respectively) were calcu-
lated by dividing the length of each root by its coronal height.
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Figure 1. Magnification detail of an orthopantomograph, in which the reference of the dentin–enamel
junction is observed in mesial (green arrows) and distal (blue arrows).

To determine the stage of development of the successor premolars, the method pro-
posed by Demirjian [18,19] was used, in which he establishes eight stages of development
(stages A–H) described and drawn by means of diagrams. For the determination of den-
tal age, the method described by Demirjian was also followed, determining the stage of
development of the seven left mandibular teeth and using the author’s conversion ta-
bles that correspond to the 50th percentile maturation data to obtain dental age [18,19].
Chronological age was calculated using the patient’s date of birth and the date of taking
the orthopantomography in years, by subtracting the date of the radiographic record from
the date of birth.

The analysis of the results was performed using the SPSS version 19.0 for Windows
software (SPSS Inc., Chicago, IL, USA). The intraclass correlation coefficient was used to
evaluate intra- and inter-examiner concordance or agreement. A descriptive and statistical
analysis was performed. The Pearson’s correlation coefficient analysis was used to deter-
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mine the correlation between chronologic age and state of development of #74 and #75,
and the correlation between the stage of formation of #74 and #75. The Student’s t-test was
carried out to identify the differences with respect to the variables studied (the CRR of the
successors premolar and chronological age, the stage of development of the premolars and
chronological age, the CRR of the mesial and distal, and the development of the permanent
successors). A p-value ≤ 0.05 (95% significance) was considered significant.

3. Results

A total of 723 primary mandibular left molars (322 first molars and 401 s molars)
were measured. The sex distribution of the measured molars was homogeneous, with
54.96% boys and 45.04% girls for the first primary molar (tooth #74), and 55.11% boys and
44.89% girls for the second primary molar (tooth #75). The distribution of the sample in
each age group was not homogeneous, since the largest number of children were in the
chronological age groups of 7–9 years of age, which means that for the extreme values
of age (especially for 11- and 12-year-olds) the data should be interpreted with caution.
Intra-examiner agreement was excellent for all parameters, while inter-examiner agreement
was excellent for all measures except for the distal root length of #75, which was fair.

The CRR decreased with increasing dental and chronological age but resorption was
not a continuous process (Figure 2, Tables A1 and A2 in Appendix A). The roots of the
first primary molar (#74) had minimal resorption when the premolar was in stages B–D of
development. The mesial root was the longest until stage G when the two roots were the
same length (Figure 2, Table A3 in Appendix A). The roots of the second primary molar
(#75) had minimal resorption when the premolar was in stages A–D. The mesial root of
#75 was longer than the distal root at the beginning, but both roots were of equal length
beginning at stage F (Figure 3, Table A3 in Appendix A).
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Differences between sexes were analysed, determining that the crown height of #75
was significantly higher in boys than in girls (p = 0.014). In addition, the differences with
respect to gender with chronological age were studied, revealing that the main differences
between the sexes are produced in the root resorption of #74, being always more advanced
in girls, and in the formation of the first premolar (tooth #34), being always greater in girls
than in boys, as shown in the following:

- The developmental stage of #34 was greater in girls than in boys of 5 years old
(p < 0.05)

- The length of the mesial and distal roots, and the CRR-m and CRR-d of #74, was
greater in boys of 7 years old than in girls (p < 0.05)

- The length of the distal root of #75 was greater in boys of 8 years old than in girls
(p = 0.02)

- The length of the mesial root and the CRR- m of #74 was greater in 9-year-old boys
than in girls (p < 0.05)

- The developmental stage of #34 was greater in boys than in 9-year-old girls (p = 0.006)
- The distal root length of #75 was greater in 10-year-old boys than in girls (p = 0.02).

The roots of the primary molar and its relationship with the germ of the successor were
compared. In general, the differences were in developmental stages D and E of the first
premolar (#34), in which the mesial root and the CRR-m of #74 were greater than those of
the distal root. Due to the gender differences, we separated the analysis of the CRR-m and
CRR-d differences in each stage of development by gender. The differences between roots
in girls occurred in stage C and D (Table 1). In boys, the mesial root and the CRR-m of #75
were greater than the distal root and CRR-d, respectively, during developmental stage D of
the second premolar (tooth #35) (Table 2). The correlation between chronological age and
the state of development was studied, obtaining an almost perfect relationship between
chronological age and the development stage of #34 (Pearson’s correlation coefficient
r = 0.809) and #35 (r = 0.729). We were also able to establish a negative correlation between
the stage of premolar formation and the CRRs of #74 and #75.

Table 1. Comparison between the roots of #74 and its relationship with the germ of the successor.

Stage of
Develpment #34

CRR-M #74 CRR-D #74 Differences
t Test

pMean ± S.D. + Mean ± S.D. Mean Difference
Confidence Interval 95%
Higher Lower

Stage B 1.596 ± 0.113 1.502 ± 0.167 0.094 −0.018 0.206 0.081
Stage C 1.481 ± 0.203 1.406 ± 0.225 0.075 −0.009 0.158 0.078
Stage D 1.454 ± 0.262 1.326 ± 0.204 0.128 0.787 0.177 0.000 *
Stage E 1.178 ± 0.254 1.132 ± 0.246 0.046 −0.167 0.076 0.002 *
Stage F 0.890 ± 0.333 0.863 ± 0.308 0.027 −0.015 0.069 0.211

BOYS (N = 177)

Stage B 1.557 ± 0.140 1.467 ± 0.196 0.090 −0.107 0.287 0.188
Stage C 1.470 ± 0.236 1.441 ± 0.264 0.028 −0.091 0.149 0.617
Stage D 1.470 ± 0.256 1.333 ± 0.200 0.057 0.014 0.101 0.001 *
Stage E 1.179 ± 0.260 1.121 ± 0.249 −0.009 −0.296 0.278 0.010 *
Stage F 0.924 ± 0.289 0.894 ± 0.273 0.030 −0.030 0.090 0.321

GIRLS (N = 145)

Stage B 1.655 ± 0.21 1.555 ± 0.162 0.100 −1.170 1.371 0.500
Stage C 1.495 ± 0.157 1.360 ± 0.158 0.135 0.013 0.259 0.033 *
Stage D 1.435 ± 0.273 1.318 ± 0.211 0.117 0.054 0.179 0.001 *
Stage E 1.178 ± 0.247 1.145 ± 0.242 0.032 −0.007 0.728 0.106
Stage F 0.842 ± 0.387 0.820 ± 0.350 0.022 −0.038 0.082 0.455

+ S.D. Standard deviation. * p value ≤ 0.05.
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Table 2. Comparison between the roots of the #75 and its relationship with the germ of the successor.

Stage of
Development #35

CRR-m 75 CRR-d 75 Differences
t Test

pMean ± S.D. + Mean ± S.D. Mean Difference
Confidence Interval 95%
Higher Lower

Stage A 1.520 ± 0.197 1.490 ± 0.214 0.030 −0.026 0.086 0.208
Stage B 1.476 ± 0.185 1.464 ± 0.161 0.011 −0.022 0.044 0.484
Stage C 1.420 ± 0.140 1.414 ± 0.179 0.006 −0.055 0.068 0.846
Stage D 1.320 ± 0.177 1.306 ± 0.172 0.013 −0.008 0.035 0.229
Stage E 1.201 ± 0.230 1.190 ± 0.216 0.011 −0.018 0.039 0.467
Stage F 0.931 ± 0.276 0.940 ± 0.267 −0.009 −0.04 0.030 0.642

BOYS (N = 221)

Stage B 1.432 ± 0.187 1.409 ± 0.168 0.023 −0.014 0.059 0.195
Stage C 1.423 ± 0.137 1.469 ± 0.205 −0.046 −0.148 0.055 0.433
Stage D 1.305 ± 0.170 1.274 ± 0.152 0.032 0.001 0.062 0.043 *
Stage E 1.205 ± 0.239 1.207 ± 0.234 −0.002 −0.040 0.036 0.916
Stage F 0.953 ± 0.280 0.986 ± 0.283 −0.033 −0.083 0.016 0.180

GIRLS (N = 180)

Stage A 1.490 ± 0.170 1.415 ± 0.205 0.075 −0.243 0.392 0.205
Stage B 1.519 ± 0.182 1.519 ± 0.141 0.000 −0.062 0.062 1.000
Stage C 1.417 ± 0.148 1.371 ± 0.148 0.047 −0.033 0.126 0.234
Stage D 1.335 ± 0.183 1.342 ± 0.185 −0.007 −0.038 0.023 0.633
Stage E 1.195 ± 0.217 1.165 ± 0.186 0.030 −0.014 0.075 0.173
Stage F 0.902 ± 0.271 0.879 ± 0.235 0.023 −0.042 0.088 0.474

+ S.D. Standard deviation. * p value ≤ 0.05.

4. Discussion

Root resorption of primary teeth has been described by longitudinal studies [11,20], but
that method required taking too many X-rays in children. Thus, we established a method
that would measure the resorption of dental roots at a specific time (a cross-sectional study).
Corono-radicular proportions were used to reduce the influence on linear measurements of
phenomena, such as magnification, position of the head, and racial differences in tooth size.
After reviewing the literature, we did not find any author who had previously used them.

Daito et al. studied this relationship in Japanese children and observed that when
radicular resorption of the primary tooth begins, the premolar successor presents the crown
fully formed and begins to form its root. We also observed that premolar root formation
begins when the decrease of CRR becomes evident during Demirjian stage E [21].

As there is a relationship between the resorption of the root of primary teeth and the
eruption of permanent teeth, the roots of the primary molars were not completely resorbed
when the lower premolar successors were in Demirjian stage F, leaving a percentage of the
root that is not resorbed which is less than the height of the crown (CRR <1). Complete
root resorption of the primary molars occurred when the premolar developed two-thirds
of its root, or when the apical closure had begun, which coincided with other studies [6,22].

Our results agree with other authors regarding the difference between sexes. Previous
studies reported that root resorption and premolar formation are more advanced in girls
than in boys, and that these differences are accentuated with age (differences in premolar
formation were not significant in our study, except at #34) [11,13,23].

In our study, root resorption was always greater in the distal root, with significant
differences when the premolar was in stages C–E. These findings agree with those obtained
by Haavikko, [22,24], but they differ from the results obtained by Harris [25], although this
author based his work on previous research carried out on lateral radiographs [20].

Our data suggest that, although there are no significant differences in CRR at any of
the successor premolar formation stage, the successor premolar germ is more distal in the
initial stages of formation, positioning itself centrally between the primary molar roots as
its development progresses, in agreement with previous authors [14,15].
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The study carried out presents some limitations that have been justified by previous
studies on the subject. Orthopantomographies offer a global view of the structures of the
lower third of the face, with less precision than intraoral radiographs [26] and a degree of
distortion and magnification that varies depending on the X-ray device [27,28]; this distor-
tion is greater in the horizontal plane [29]. However, the use of these radiographs has been
shown to be valid for the determination of physiological resorption [30], the performance
of vertical measurements [29,31,32], and the estimation of age in forensic medicine [33].
The lower left hemiarch was selected for the study, since according to various authors it is
the one that suffers the least distortion [27,28,34–37] and magnification [31,36,37], and root
superimposition is avoided. Physiological wear of primary teeth, which affects coronal
length and is generalized in all children, was also taken into account [38], showing that
the coronal height of teeth does not vary significantly with age according to our results in
previous studies [39].

A weakness of the study is the heterogeneous age distribution of the sample, due
to non-probabilistic sampling. This makes the interpretation of the data cautious in the
extreme age data, especially in those of 11 and 12 years old, and more in accordance with
children between 7 and 9 years old, who were the largest group. Another limitation is
that some studies [40–43] establish the presence of great heterogeneity in dental size in
different cultures or ethnic groups. However, studies of odontometry in primary teeth by
Black in 1890 [16], Marseillier in 1937 [44], Kramer and Ireland in 1959 [45], and Liverside
et al in 1993 [46] offer very similar data regarding the vertical dimensions of primary teeth.
The meta-analysis carried out by Sujitha et al in 2022 [47] establishes the great presence of
bias in odontometry studies, and the lack of evidence regarding tooth length. Due to this
heterogeneity that is difficult to control, the ratio between the vertical measurement of the
crown and the root was carried out using CRR in our study.

Despite the limitations, according to the results of our study and from the tables
obtained, it is possible to determine the root length by means of the CRR through the
age of the patient, allowing an approximation of the physiological resorption process to
be established and, therefore, allowing for the elaboration of individualized therapeutic
plans. Rowlands et al also state that premolar eruption can be predicted from CRR [48].
The current lines of research analyse the morphological changes of the pulp cells [49] and
ultrastructural alterations in the pulp tissues [50] during the different stages of physiological
root resorption, which will help to better understand this process.

5. Conclusions

Root resorption of the molar is slight and progressive when the premolar begins its
formation until stage D, and began increasing at stage E. It is possible to determine the
state of the child’s maturation and the CRR according to dental and chronological age. The
mesial CRR is always greater than the distal CRR in all age groups. While the coronal
length is stable as a function of age, the root length decreases with increasing age, being
stable up to 6 years in the primary second molar. The results suggest that root resorption
and premolar development is more advanced in girls than in boys for some age groups.
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Appendix A

Table A1. Crown-to-root ratio (CRR) of #74 and #75, classified according to chronological age.

Chronological Age Range Root n CRR #74 ± S.D. + n CRR #75 ± S.D.

4/0–4/12
Mesial

23
1.53 ± 0.15

23
1.52 ± 0.16

Distal 1.42 ± 0.21 1.51 ± 0.18

5/0–5/12
Mesial

20
1.52 ± 0.31

24
1.39 ± 0.17

Distal 1.39 ± 0.25 1.38 ± 0.17

6/0–6/12
Mesial

45
1.37 ± 0.23

52
1.37 ± 0.16

Distal 1.27 ± 0.213 1.38 ± 0.17

7/0–7/12
Mesial

81
1.28 ± 0.29

95
1.31 ± 0.22

Distal 1.21 ± 0.25 1.29 ± 0.20

8/0–8/12
Mesial

65
1.11 ± 0.27

81
1.21 ± 0.22

Distal 1.07 ± 0.26 1.20 ± 0.20

9/0–9/12
Mesial

62
0.91 ± 0.30

82
1.06 ± 0.27

Distal 0.88 ± 0.28 1.05 ± 0.26

10/0–10/12
Mesial

21
0.89 ± 0.39

33
0.97 ± 0.30

Distal 0.89 ± 0.39 0.99 ± 0.29

11/0–11/12
Mesial

4
0.84 ± 0.37

8
0.98 ± 0.30

Distal 0.76 ± 0.47 1.03 ± 0.33

12/0–12/12
Mesial

1
1.13 *

3
0.95 ± 0.26

Distal 0.89 * 0.91 ± 0.20
+ S.D. Standard deviation. * We have not calculated the standard deviation due to the sample size.

Table A2. Crown-to-root ratio of #74 and #75, classified according to dental age.

Dental Age Range Root n CRR #74 ± S.D. + n CRR #75 ± S.D.

4/0–4/12
Mesial

8
1.60 ± 0.14

8
1.47 ± 0.12

Distal 1.42 ± 0.20 1.46 ± 0.13

5/0–5/12
Mesial

14
1.50 ± 0.21

15
1.47 ± 0.21

Distal 1.47 ± 0.25 1.45 ± 0.18

6/0–6/12
Mesial

16
1.51 ± 0.19

20
1.45 ± 0.16

Distal 1.40 ± 0.2 1.43 ± 0.20

7/0–7/12
Mesial

108
1.36 ± 0.26

130
1.36 ± 0.17

Distal 1.26 ± 0.22 1.35 ± 0.16

8/0–8/12
Mesial

94
1.12 ± 0.26

108
1.21 ± 0.19

Distal 1.09 ± 0.24 1.19 ± 0.19

9/0–9/12
Mesial

46
0.93 ± 0.29

62
1.12 ± 0.30

Distal 0.91 ± 0.31 1.11 ± 0.28

10/0–10/12
Mesial

23
0.81 ± 0.41

30
0.98 ± 0.28

Distal 0.82 ± 0.36 0.97 ± 0.31

11/0–11/12
Mesial

11
0.73 ± 0.33

19
0.86 ± 0.19

Distal 0.67 ± 0.32 0.98 ± 0.24

12/0–12/12
Mesial

2
1.07 ± 0.15

8
0.68 ± 0.19

Distal 0.93 ± 0.04 0.73 ± 0.20
+ S.D. Standard deviation.
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Table A3. Crown-to-root ratio of #74 and #75, classified according to the stage of development of the
premolar successor.

Stages of
Development of #34 Root N CRR #74 ± S.D. + Stages of

Development of #35 ROOT n CRR #75 ± S.D.

A
Mesial

0
-

A
MESIAL

0
1.52 ± 0.20

Distal - DISTAL 1.49 ± 0.22

B
Mesial

5
1.60 ± 0.21

B
MESIAL

22
1.48 ± 0.19

Distal 1.50 ± 0.17 DISTAL 1.46 ± 0.16

C
Mesial

28
1.48 ± 0.20

C
MESIAL

32
1.42 ± 0.14

Distal 1.41 ± 0.23 DISTAL 1.41 ± 0.18

D
Mesial

61
1.45 ± 0.26

D
MESIAL

139
1.32 ± 0.18

Distal 1.33 ± 0.20 DISTAL 1.31 ± 0.17

E
Mesial

147
1.18 ± 0.25

E
MESIAL

5
1.20 ± 0.23

Distal 1.13 ± 0.25 DISTAL 1.19 ± 0.21

F
Mesial

79
0.89 ± 0.33

F
MESIAL

70
0.93 ± 0.28

Distal 0.86 ± 0.31 DISTAL 0.94 ± 0.27

G
Mesial

2
0.25 ± 0.28

G
MESIAL

2
0.98 ± 0.12

Distal 0.25 ± 0.28 DISTAL 1.11 ± 0.07

H
Mesial

0
-

H
MESIAL

0
-

Distal - DISTAL -
+ S.D. Standard deviation.

References
1. Bolan, M.; Rocha, M.J. Histopathologic study of physiological and pathological resorptions in human primary teeth. Oral Surg.

Oral Med. Oral Pathol. Oral Radiol. Endod. 2007, 104, 680–685. [CrossRef] [PubMed]
2. Prove, S.A.; Symons, A.L.; Meyers, I.A. Physiological root resorption of primary molars. J. Clin. Pediatr. Dent. 1992, 16, 202.

[PubMed]
3. Harokopakis-Hajishengallis, E. Physiologic root resorption in primary teeth: Molecular and Histological events. J. Oral Sci. 2007,

49, 1–12. [CrossRef] [PubMed]
4. Kim, P.H.; Heffez, L.B. Multiple idiopathic resorption in the primary dentition. Oral Surg. Oral Med. Oral Pathol. Oral Radiol.

Endod. 1999, 88, 501–505. [CrossRef]
5. Monteiro, J.; Day, P.; Duggal, M.; Morgan, C.; Rodd, H. Pulpal status of human primary teeth with physiological root resorption.

Int. J. Paediatr. Dent. 2009, 19, 16–25. [CrossRef]
6. Haralabakis, N.; Yiagtzis, S.C.; Tountoutzakis, N. Premature o delayed exfoliation of deciduos teeh and root resorption and

formation. Angle Orthod. 1994, 64, 151–157.
7. Obersztyn, A. Experimental Investigation of Factor Causing Resorption of Deciduos Teeth. J. Dent. Res. 1963, 42, 660–674.

[CrossRef]
8. Sahara, N.; Ozawa, H. Cementum-Like Tissue Deposition on the Resorbed Enamel Surface of Human Deciduous Teeth Prior to

Shedding. Anat. Rec. 2004, 279, 779–791. [CrossRef]
9. Bjerklin, K.; Al-Naijjar, M.; Kárestedt, H.; Andren, A. Agenesis of mandibular second premolars with retained primary molars. A

longitudinal radiographic study of 99 subjects from 12 years of age to adulthood. Eur. J. Orthod. 2008, 30, 254–261. [CrossRef]
10. Cardoso Silva, C.; Maroto Edo, M.; Álvaro Llorente, M.A.; Barbería Leache, E. Primary molar infraocclusion: Frequency,

magnitude, root resorption and premolar agenesis in a Spanish sample. Eur. J. Paediatr. Dent. 2014, 15, 258–264.
11. Fanning, E. A longitudinal study of tooth formation and root resorption. N. Z. Dent. J. 1961, 57, 202–217.
12. Dos Santos, C.C.O.; Melo, D.L.; da Silva, P.P.; Normando, D. What is the survival rate of deciduous molars in cases with agenesis

of premolar successors? A systematic review. Angle Orthod. 2022, 92, 110–117. [CrossRef] [PubMed]
13. Haavikko, K. The physiological resorption of the roots of deciduous teeth in Helsinki children. Proc. Finn. Dent. 1973, 69, 93–98.
14. Rose, J.S. Variations in the developmental position of unerupted premolar. Dent. Pract. Dent. Rec. 1962, 12, 212–217.
15. Wasserstein, A.; Brezniak, N.; Shalis, M.; Heller, M.; Rakocz, M. Angular changes and their rates in concurrence to developmental

stages of the mandibular second premolar. Angle Orthod. 2004, 74, 332–336.
16. Black, G.V. Descriptive Anatomy of Human Teeth; White Dental Company: Philadelphia, PA, USA, 1890.
17. Ash, N. Anatomía, Fisiología y Oclusión Dental, 9th ed.; Elsevier: Barcelona, Spain, 2010.
18. Demirjian, A.; Goldstein, H. New system for dental maturity based on seven and four teeth. Ann. Hum. Biol. 1976, 3, 411–421.

[CrossRef]
19. Demirjian, A.; Goldstein, H.; Tanner, J.M. A new system of dental age assessment. Hum. Biol. 1973, 45, 211–227.
20. Moorrees, C.F.A.; Fanning, E.A.; Hunt, E.E. Formation and resorption of three deciduos teeth in children. Am. J. Phys. Anthtop.

1963, 21, 205–213. [CrossRef]

http://doi.org/10.1016/j.tripleo.2006.11.047
http://www.ncbi.nlm.nih.gov/pubmed/17448706
http://www.ncbi.nlm.nih.gov/pubmed/1525075
http://doi.org/10.2334/josnusd.49.1
http://www.ncbi.nlm.nih.gov/pubmed/17429176
http://doi.org/10.1016/S1079-2104(99)70070-3
http://doi.org/10.1111/j.1365-263X.2008.00963.x
http://doi.org/10.1177/00220345630420021401
http://doi.org/10.1002/ar.a.20069
http://doi.org/10.1093/ejo/cjn027
http://doi.org/10.2319/123020-1039.1
http://www.ncbi.nlm.nih.gov/pubmed/34329385
http://doi.org/10.1080/03014467600001671
http://doi.org/10.1002/ajpa.1330210212


Children 2022, 9, 941 10 of 10

21. Daito, M.; Kawahara, S.; Kato, M.; Okamoto, K.; Imai, G.; Hieda, T. Radiographic observations on root resorption in primary
dentition. J. Osaka Dent. Univ. 1991, 25, 1–23. [CrossRef]

22. Haavikko, K. Correlation between the root resorption of decidous teeth and the formation of the corresponding permanent teeth.
Proc. Finn. Dent. Soc. 1973, 69, 191–201.

23. Feijóo, G.; Barbería, E.; De Nova, J.; Prieto, J.L. Permanent teeth development in a Spanish sample. Application to dental age
estimation. Forensic Sci. Int. 2012, 214, 213.e1–213.e6. [CrossRef] [PubMed]

24. Haavikko, K. Tooth formation age estimated on a few selected teeth. A simple method for clinical use. Proc. Finn. Dent. Soc. 1974,
70, 15–19. [PubMed]

25. Harris, E.F. Technical Note: Primary tooth mineralization and exfoliation ages calculated from the Moorrees-Fanning-Hunt study.
Dent. Anthropol. 2010, 23, 61–65. [CrossRef]

26. White, S.C.; Pharoah, M.J. Radiología Oral. Principios e Interpretación, 4th ed.; Ediciones Harcout: Madrid, Spain, 2001.
27. González-Salazar, F.; Márquez-Preciado, R.; Nava-Zárate, N.; Torre-Martínez, H.N. Comparison of tripe image area using

panoramic radiography of child and adult dry skull. Eur. J. Paediatric. Dent. 2008, 9, 59–64.
28. Puricelli, E. Panorametry: Suggestion of a method for mandibular measurements on panoramic radiographs. Head Face Med.

2009, 5, 19. [CrossRef]
29. Laster, W.S.; Ludlow, J.B.; Bailey, L.J.; Hershey, H.G. Accuracy of measurements of mandibular anatomy and prediction of

asymetry in panoramic radiographic images. Dentomaxillofac. Radiol. 2005, 34, 343. [CrossRef]
30. Haavikko, K.; Mattila, K. The reliability of Orthopantomograms in determining the stage of resorption of deciduos teeth. Proc.

Finn. Dent. Soc. 1973, 69, 88–91.
31. Kim, Y.K.; Park, J.Y.; Kim, J.S.; Kim, J.D. Magnification rate of digital panoramic radiographs and its effectiveness for pre-operative

assessment of dental implants. Dentomaxillofac. Radiol. 2011, 40, 76–83. [CrossRef]
32. Gher, M.E.; Richardson, A.C. The accuracy of dental radiographic techniques used for evaluation of implant fixture placement.

Int. Periodontics Restorative Dent. 1995, 15, 268–283.
33. Schmeling, A.; Olze, A.; Reisinger, W. Age estimation of living people undergoing criminal proceedings. Lancet 2001, 358, 89–90.

[CrossRef]
34. Philip, R.G.; Hurst, R.V. The Cant of the oclusal plane and distortion in the panoramic radiograph. Angle Orthod. 1978, 48,

317–323.
35. Yitschaky, M.; Haviv, Y.; Aframian, D.J.; Abed, Y.; Redlich, M. Prediction of premolar tooth lengths based on their panoramic

radiographic lengths. Dentomaxillofac. Radiol. 2004, 33, 370–372. [CrossRef] [PubMed]
36. Thanyakarn, C.; Hansen, K.; Rohlin, M. Measurements of tooth length in panoramic radiographs. 2: Observer performance.

Dentomaxillofac. Radiol. 1992, 21, 31–35. [CrossRef] [PubMed]
37. Rejebian, G.P. A statistical correlation of individual tooth size distortions on the orthopantomographic radiograph. Am. J. Orthod.

1979, 75, 525–534. [CrossRef]
38. Warren, J.J.; Yonezu, T.; Bishara, S.E. Tooth wear patterns in the deciduous dentition. Am. J. Orthod. Dentofacial Orthop. 2002, 122,

614–618. [CrossRef]
39. Caleya Zambrano, A.M. Tamaños Radiculares y Coronales de Molares Temporales en una Muestra de Niños Españoles. Master’s

Thesis, Universidad Complutense de Madrid, Servicio de Publicaciones, Madrid, Spain, 2011.
40. Chandrappa, R.; Kamath, V.V.; Srikanth, N.; Sharada, C. Comparative evaluation of vertical crown length of deciduous and

permanent teeth as a predictor of an individual height by linear stepwise regression analysis. Int. J. Forensic Odontol. 2017, 2, 2.
[CrossRef]

41. Brace, C.L.; Mahler, P.E. Post-Pleistocene changes in the human dentition. Am. J. Phys. Anthr. 1971, 34, 191–203. [CrossRef]
42. Axelsson, G.; Kirveskari, P. Crown size of deciduous teeth in Icelanders. Acta Odontol. Scand. 1984, 42, 339–343. [CrossRef]
43. Anderson, A.A. Dentition and occlusion development in African American children: Mesiodistal crown diameters and tooth-ize

ratios of primary teeth. Pediatr. Dent. 2005, 27, 121–128.
44. Marseillier, E. Les Dents Humaines. Morphologie, 9th ed.; Gauthier-Villars: Paris, France, 1975.
45. Kramer, W.S.; Ireland, R.L. Measurements of the primary teeth. J. Dent. Child. 1959, 26, 252–261.
46. Liversidge, H.M.; Dean, M.C.; Molleson, T.I. Increasing human tooth length between birth and 5,4 years. Am. J. Phys. Anthr. 1993,

90, 307–313. [CrossRef] [PubMed]
47. Sujitha, P.; Bhavyaa, R.; Muthu, S.; Latha, N.; Sneha, P. Crown dimensions of primary teeth—A systematic review and meta-

analysis. J. Forensic Sci. 2022. [CrossRef]
48. Rowlands, P.; Poling, R.; Slater, D.; Hobson, R.; Steen, N. Can crown-root ratio predict premolar eruption? Am. J. Orthod. Dentofac.

Orthop. 2006, 129, 331–336. [CrossRef]
49. Alansary, M.; Drummond, B.; Coates, D. Immunocytochemical characterization of primary teeth pulp stem cells from three stages

of resorption in serum-free medium. Dent. Traumatol. 2021, 37, 90–102. [CrossRef] [PubMed]
50. Murthy, P.; Bhojraj, N.; Hegde, U. Ultrastructural morphologic pattern in the roots of deciduous teeth in different stages of

physiologic resorption. Pediatr. Dent. J. 2020, 30, 215–223. [CrossRef]

http://doi.org/10.18905/jodu.25.1_1
http://doi.org/10.1016/j.forsciint.2011.08.024
http://www.ncbi.nlm.nih.gov/pubmed/21940122
http://www.ncbi.nlm.nih.gov/pubmed/4821943
http://doi.org/10.26575/daj.v23i2.77
http://doi.org/10.1186/1746-160X-5-19
http://doi.org/10.1259/dmfr/28020783
http://doi.org/10.1259/dmfr/20544408
http://doi.org/10.1016/S0140-6736(01)05379-X
http://doi.org/10.1259/dmfr/31287277
http://www.ncbi.nlm.nih.gov/pubmed/15665230
http://doi.org/10.1259/dmfr.21.1.1397449
http://www.ncbi.nlm.nih.gov/pubmed/1397449
http://doi.org/10.1016/0002-9416(79)90071-X
http://doi.org/10.1067/mod.2002.129193
http://doi.org/10.4103/ijfo.ijfo_24_16
http://doi.org/10.1002/ajpa.1330340205
http://doi.org/10.3109/00016358409033613
http://doi.org/10.1002/ajpa.1330900305
http://www.ncbi.nlm.nih.gov/pubmed/8460654
http://doi.org/10.1111/1556-4029.15015
http://doi.org/10.1016/j.ajodo.2004.10.013
http://doi.org/10.1111/edt.12607
http://www.ncbi.nlm.nih.gov/pubmed/32955751
http://doi.org/10.1016/j.pdj.2020.08.002

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

