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Objective: The objective of this study is to investigate the eruption pattern and
root resorption of the bovine anterior dentition in relation to growth-related
parameters based on dental maturity. Methods: A cross-sectional study was
conducted on 110 bovine anterior mandibles by using standard radiography,
cone-beam computed tomography (CBCT), and actual measurements. We
determined the relationships between the stages of dental maturity by using a
modification of Demirjian’s method and various growth-related parameters, such
as the activity of the root-resorbing tissue and mobility of the deciduous teeth.
The correlation of growth-related parameters with interdental spacing and distal
unusual root resorption (DRR) of the deciduous fourth incisor was assessed.
The cause of mesial unusual root resorption (MRR) of the deciduous fourth
incisor was determined on the basis of the arrangement of the permanent third
incisor. Results: An independent t-test and chi-square test indicated significant
differences in growth-related parameters associated with dental arch length
discrepancy and factors related to the shedding of deciduous teeth between the
low and high dental maturity groups. The samples with interdental spacing and
DRR showed a larger sum of mesiodistal permanent crown widths and higher
dental maturity than did the respective controls. Samples with MRR tended to
show a lingually rotated distal tip of the adjacent tooth crown. Conclusions:
Dental maturity has relevance to the interdental spaces and unusual root
resorption of mixed dentition. The position of the adjacent tooth crown on
CBCT may be correlated with the occurrence of unusual root resorption of the
incisor.
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INTRODUCTION

Assessment of patients’ dental maturity and gro-
wth-related parameters is one of the most basic
and important elements in orthodontic treatment.'
Information about dental maturity and growth-related
parameters in the mixed dentition plays a significant
role in diagnosis, determination of treatment objectives,
and selection of treatment methods.”’ Clinical decisions
on orthodontic treatments, such as tooth extraction
and the use of functional appliances, are based on the
assessment of a patient’s dental maturity." Since dental
maturity varies according to each person’s unique
biological clock, personalized assessment is necessary.’

For estimating dental maturity, using criteria based
on tooth development is regarded as the most accurate
method.®’ Demirjian’s method, which takes into account
tooth formation of seven teeth of the left mandible,
is widely used and recognized as one of the best
evaluation methods of dental maturity.”

Previous research on the analyses of deciduous den-
tition for predicting dental arch-length discrepancies and
arrangement of teeth in the permanent dentition have
indicated that the spacing of the deciduous anterior
teeth is significantly related to the mesiodistal crown
diameter and intercanine arch width.*'® A study by el-
Nofely et al.” showed that the crowns are significantly
broader and the arches significantly narrower in patients
without interdental spaces than in those with interdental
spaces. However, the association between dental ma-
turity and tooth arrangement in the mixed dentition
remains unclear.

In the mixed dentition, dental maturity and eruption
path have been investigated as factors that predispose
adjacent permanent lateral and central incisors to
resorption caused by ectopic eruption of the maxillary
canines'"'” and transmigration of impacted mandibular
canines.” A study by Ericson and Kurol' reported
that compared to control cases, the resorption cases
showed more advanced lateral incisor and canine
development, more medial canine position in the
dental arch, and slightly more mesial horizontal path of
eruption. A study by Rozylo-Kalinowska et al."” showed
that patients with impacted maxillary canines have
significantly reduced dental maturity than do patients
with erupted maxillary canines. Although mandibular
canine impaction and transmigration are common, their
etiologies remain unclear.” An additional investigation
into the relationships between dental maturity, unusual
root resorption, and eruption tooth angulation on cone-
beam computed tomography (CBCT) is necessary.

The relationship between the various stages of tooth
development and some growth-related parameters,
such as hand-wrist bone growth, have been reported
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previously.”® However, the role of other parameters, such
as the activity of the root-resorbing tissue (RRT) and
mobility of deciduous teeth, remains unclear.

Therefore, this study aimed to evaluate the relation-
ships between the stages of dental maturity, aspect
of interdental spaces, and unusual root resorption in
bovine mixed dentition. In addition, we investigated
the eruption pattern of permanent incisors in the
alveolar bone and root resorption of the bovine anterior
dentition.

MATERIALS AND METHODS

The following experimental procedures were con-
ducted according to the institutional guidelines of
research ethics, even though these experimental
designs did not require approval by the Institutional
Animal Ethics Committee. A cross-sectional study was
conducted on 110 bovine anterior mandibles by using
standard radiography, CBCT, and actual measurements.
The inclusion criteria were as follows: (1) Japanese
male cattle aged 24 to 29 months old; (2) samples
obtained within 12 hours of slaughter; (3) no history
of congenital and systemic disorders; and (4) no
missing permanent incisors. The samples of the anterior
mandible consisted of two to three types of deciduous
incisors and four types of permanent incisors: second
deciduous incisor (D2), third deciduous incisor (D3),
fourth deciduous incisor (D4), first permanent incisor
(P1), second permanent incisor (P2), third permanent
incisor (P3), and fourth permanent incisor (P4). During
the investigation period, the D3 and D4 were not shed.
However, the D2 was shed in about half of the samples.

Standard radiography was used to evaluate the
relationship between the deciduous teeth and their
subsequent teeth (Figure 1A and 1B). The radiographic
settings for CBCT (FineCube; Yoshida, Inc., Tokyo,
Japan) included a tube voltage of 90 kV and a tube
current of 4 mA. The sagittal, coronal, and horizontal
directions were set as references based on the methods
described by Saka et al.'"* The sagittal and coronal
directions consisted of the area perpendicular to the
Frankfurt plane, and the horizontal directions consisted
of the area parallel to the Frankfurt plane. The sagittal
direction contained the plane that connected the widest
contour point of the buccal and lingual cervical lines,
and the coronal direction contained the plane that
connected the mesioincisal and distoincisal angles of the
tooth.'* In our study, the position with the center axis of
the dental pulp of D3 and D4 projected in the sagittal
and coronal directions, and the thickest mandibular width
was selected in the horizontal position. The shortest
distance between the root surface of D3 and the crown
of P3 was measured by setting sections in the sagittal
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Figure 1. Anterior deciduous and permanent teeth of the cattle, measurements on cone-beam computed tomographic
images, classification with respect to spaced dentition, and distal unusual root resorption of the fourth deciduous incisor
root (DRR). A, Lingual view; B, standard radiographic image in the same position; C, section in the sagittal direction; D,
section in the coronal direction; E, section in the horizontal direction; F, non-spacing group; G, spacing group; H, non-
DRR group; I, DRR group.

In the sagittal direction, from the plane perpendicular to the Frankfurt plane, the shortest distance between the root
surface of D3 and crown of P3 is measured (C). In the coronal direction, from the plane perpendicular to the Frankfurt
plane, the narrowest thickness of the periodontal ligament space in the D4 distal root surface is measured (D). In the
horizontal directions, in the area parallel to the Frankfurt plane, the longest mandibular bone width and angulation of
the P3 crown are measured (E). Black line, mandibular bone width; vertical white line, median suture line; horizontal
white line, mesio-distal line of the P3 crown; white angle, angulation of the P3 crown (E). Based on the aspect of spaced
dentition, the samples are classified into two groups. The non-spacing group (F) shows no interdental spaces in the
deciduous dentition. The spacing group (G) has interdental spaces between the deciduous teeth. Based on the occurrence
of DRR, the samples are classified into two groups: non-DRR (H) and DRR groups (I). DRR occurs at the site wherein the
distal root surface of D4 is in contact with the alveolar bone.

P1, First anterior permanent incisor; P2, second permanent incisor; P3, third anterior permanent incisor; P4, fourth
anterior permanent incisor; D2, second deciduous incisor; D3, third deciduous incisor; D4, fourth deciduous incisor.

directions (Figure 1C). The thickness of the periodontal longest linear distance between the right and left sides
ligament (PDL) space at the distal root surface of D4 was of the alveolar bone surface in the horizontal section.
measured by setting sections in the coronal directions The angulation of the P3 crown, defined as the angle
(Figure 1D). Mandibular bone width was defined as the formed by the median suture line and the mesiodistal
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axis of the P3 crown, was measured in the position
wherein the distal tip of the P3 crown was reflected by
setting sections in the horizontal directions (Figure 1E).
The linear and angular measurements were acquired
using a computer software (FineCube 3D viewer, ver.
2.5.3.1; Yoshida, Inc.) linked with FineCube. Assessments
of tooth mobility were performed according to Miller’s
classification. The RRT between the deciduous root and
dental follicle of the permanent incisors was classified
into two color groups, red and white, based on the
color classification scheme described by Oguchi."”
The permanent root lengths were measured using an
electronic caliper after tooth extraction based on Lind’s
method.'® Based on the remaining root length of the
deciduous teeth, the resorption rate of D3 was evaluated
and divided into two phases, i.e., above 2/3 resorption
and below 2/3 resorption. The available arch length and
the sum of the mesiodistal crown width were measured
from the actual sample by using an electronic caliper.
The available arch length is the sum of the left and right
distances from the mesial tip of P1 to the distal tip of

An et al ® Root resorption in bovine mandibular incisors

D4, while the sum of the mesiodistal crown width is
obtained by adding the widths of all permanent teeth
from P1 to P4. The sum of the mesiodistal crown width
of the deciduous teeth was calculated for only those
samples with remaining D2s. The dental arch-length
discrepancy was calculated by subtracting the sum of
the mesiodistal crown width from the available arch
length. The presence of unusual root resorption was
determined through a radiographic examination and
actual measurements.

Classification criteria

Based on Demirjian’s method,” dental maturity was
classified into eight stages ranging from A to H. In this
study, based on the differences between the cattle and
humans in crown-root height ratio, a modification of
Demirjian’s method was used, wherein the criterion
of stage E was changed from “root length < crown
height” to “root length < 1/2 the crown height” and the
criterion of stage F was changed from “root length >
crown height” to “root length = 1/2 the crown height”

Figure 2. Comparison between the unaffected controls and the samples with mesial unusual root resorption of the
fourth deciduous incisors (MRR) by using cone-beam computed tomographic three- and two-dimensional images.

The vertical position of the P3 crown and resorption degree of the D3 root are similar in both samples. The distal tip of
the P3 crown is located on the labial side with respect to the D4 root in normal samples (A), and the lingual side in MRR
samples (B). The contact between the distal tip of the P3 crown and the D4 root surface occurs only in MRR samples in
the coronal section (C, D). Angulation of the P3 crown is higher in the samples with MRR (F) than in the normal samples (E)

in the horizontal section.

Horizontal line in (E) and (F), mesio-distal line of the P3 crown; vertical line in (E) and (F), a line parallel to the median

suture line.
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in bovine incisors. The P3 and P4 were used in this
analysis, since the P1 and P2 showed no variation in
dental maturity (P1: stage G; P2: stage F). The low-
maturity group (n = 50) included samples with P3 in
stage E and P4 in stage C, whereas the high-maturity
group (n = 50) included samples with P3 in stage F and
P4 in stage D. Samples that did not meet the criteria of
P3 or P4 were excluded.

Forty-three samples with D2 were classified into the
following two groups based on the interdental space;
the spacing group (n = 11) with developing interdental
spaces between all remaining deciduous incisors (D2,
D3, and D4) and the non-spacing group (n = 32) with
no interdental space between the deciduous teeth (Figure
1F and 1G).

One hundred samples that were selected on the basis
of dental maturity were classified into two groups based
on the presence of the distal unusual root resorption
of D4 (DRR) that faced toward the lateral alveolar
bone instead of the dental follicle of P4. The samples
with DRR were classified into the DRR group (n = 12)
and the rest into the non-DRR group (n = 88) if only
physiological root resorption had occurred. Two samples
showed mesial unusual root resorption of D4 (MRR) that
did not face the dental follicle of P4. Since the number
of samples was too small to classify (n = 2), they were
analyzed on the basis of CBCT findings instead of an
independent t-test (Figure 2).
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Statistical analysis

Statistical analysis was performed using PASW Sta-
tistics for Windows, version 18.0 (IBM Co., Armonk,
NY, USA). The relationships between dental maturity
and growth-related parameters were analyzed. The
relationships between growth-related parameters
and spaced dentition and the presence of DRR were
investigated using an independent t-test and chi-square
test. The relationship between dental maturity and
factors related to the shedding of deciduous incisors was
analyzed using a chi-square test. A p-value less than 0.05
was considered statistically significant.

RESULTS

No unusual root resorption was observed in the per-
manent teeth. In contrast, in the deciduous teeth,
unusual root resorption was found in DRR (n = 12)
and MRR (n = 2) (Figure 1H and 11, and Figure 2). For
classifying the samples based on the criteria of dental
maturity, the mean ages of the low- and high-maturity
groups were 27.3 + 1.3 months and 28.3 + 1.1 months,
respectively. The independent t-test results indicated a
significant difference in age between the groups (p <
0.001). However, no significant differences in age were
observed between the spacing and non-spacing groups,
and between the DRR group and its unaffected control
group (Figure 3A).

The relationships between dental maturity and gro-
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Figure 3. Comparison of chronological age based on dental maturity, spacing aspect, and root-resorbing aspect (A), and
comparison of mandibular bone width in the same age range (B). A significant difference between the low and high
dental maturity groups is observed (low maturity, 27.3 + 1.3 months; high maturity, 28.3 + 1.1 months). However, no
significant difference (NS) is observed between the spacing and non-spacing groups (non-spacing, 26.5 + 1.3 months;
spacing, 26.7 + 1.3 months), and between the distal unusual root resorption (DRR) group and the non-DRR group (non-
DRR, 27.8 + 1.4 months; DRR, 28.1 + 1.0 months). In the same age range, the mandibular width is higher in the high-
maturity than low-maturity samples. The samples with high maturity show a tendency towards a high skeletal growth
status (*p < 0.05, **p < 0.001).
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wth-related parameters were observed by comparing
the low- and high-maturity groups. Between the two
groups, significant differences in mandibular bone
width, dental arch-length discrepancy, root lengths of
all permanent incisors, distance from the root surface
of D3 to the dental follicle of P3, and angle of the
P3 crown were observed. However, no significant
differences were observed in the sum of the mesiodistal
permanent crown width and PDL space width of D4
(Table 1). After adjusting the two groups to the same
age range, the high-maturity group showed a larger
mandibular bone width than did the low-maturity
group (Figure 3B). The samples with interdental spaces
showed a higher mandibular bone width, available
arch length, and sum of mesiodistal permanent crown
width than did the unaffected controls. However, the
sum of mesiodistal deciduous crown widths showed no
significant differences. The samples from the DRR group
showed a higher sum of mesiodistal permanent crown
widths and lower distal PDL space widths of D4 than
did the unaffected controls (Table 1). Dental maturity
showed a significant relationship with factors related
to the shedding of deciduous teeth (Table 2). Samples
with interdental spacing or DRR tended to show high

was rotated relatively more lingually to the D4 crown in
the MRR samples than in the normal samples (Table 4,
Figure 2).

DISCUSSION

Owing to the ethical problems associated with radi-
ation exposure in humans, we designed the experiment
to use bovine teeth and surrounding tissue that are
similar to those of humans.

Dental maturity assessment in the cattle

Dental maturity in mammals can be assessed using
two methods, i.e., clinical visualization of erupting
teeth'” and radiographic investigation.”” The use of

Table 3. The relationship between dental maturity and
the aspect of resorbing or spacing

Dental maturity

Low High Total

Factor x* (p-value)

Resorbing aspect 6.061 (0.014%)

dental maturity (Table 3). The distal tip of the P3 crown Non-DRR  48(96.0) 40(80.0) 88
DRR 2(4.0) 10(20.0) 12
. . . Total 50 (100.0) 50 (100.0) 100
Table 2. The relationship between dental maturity and Spaci " 5.213 (0.022%)
the factors related to the shedding of deciduous incisors pacing aspec ' '
e il Non—.spacmg 26(83.9) 6(50.0) 32
ERCIOT Low High ¥ (p-value) Spacing 5(16.1) 6(50.0) 11
(n=50) (n=50) Total 31(100.0) 12 (100.0) 43
Existence of D2 21.583 (0.000") Values are presented as number (%).
e — 33(66.0) 10 (20.0) DRR, Distal unusual root resorption of the fourth deciduous
incisor.
Shedding 17(34.0) 40 (80.0) The p-values are results of analysis using a chi-square test (*p
Resorption rate of D3 36.058 (0.000") <0.05).
Below 2/3 41(82.0) 11(22.0)
Above 2/3 9(18.0) 39(78.0) B _
RRT color of P3 10.928 (0.001*) Table.4. The relevance pf j[he crown position of the third
] mandibular permanent incisor and the occurrence of MRR
Red 28(56.0) 43 (86.0) e MRR(1) MRR() g0
Mobility of D3 30.133 (0.000") (n=2) (n=108)
M1 4(8.0) 0(0.0) Angle of P3 crown
M2 35(70.0) 12 (24.0) Below 100° 0(0.0) 102(94.4) 102
M3 11(22.0) 38(76.0) Above 100° 2(100.0) 6(5.6) 8
Values are presented as number (%). P3 follicle to root of D4*
D2, Second deciduous incisor; D3, third deciduous incisor; No contact 0(0.0) 85 (78.7) 85
P3, third permanent incisor; RRT, root-resorbing tissue.
Contact 2(100.0) 23(21.3) 25

M1, M2, and M3: mobility 1, 2, and 3, respectively, of Miller’s
classification.

The p-values are results of analysis using a chi-square test
(**p <0.01, 'p <0.001).

www.e-kjo.org
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MRR, Mesial unusual root resorption; D4, fourth deciduous
incisor; P3, third permanent incisor.
*Relationship of the P3 follicle to the root of D4.
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the eruption stage of teeth, such as the maxillary first
and second molars, is an economical method, since
dental maturity can be evaluated without radiographic
equipment.'® Although eruption stages are useful for
assessing dental maturity, a more accurate assessment is
based on the stages of tooth formation in mammals.'**
In this study, we used the widely accepted dental matu-
ration standard described in a study by Demirjian et al.”
The dental maturation criteria in Demirjian’s method are
applicable to bovine teeth since the method is based on
the proportion of root length, and uses its relative value
to crown height rather than to absolute length.

Eruption mechanisms in the cattle

The eruption of mandibular anterior deciduous den-
tition in cattle is completed by the age of approximately
24 months, and eruption of the permanent dentition is
completed by the age of approximately 48 months. The
tooth germs of the anterior permanent incisors of cattle
are positioned lingually to their deciduous teeth and
continue to move occlusally.”” The eruption sequence
in cattle consists of the eruption of a central incisor
first and then a lateral incisor. The movement of the
permanent teeth germs in cattle is also similar to that
in humans, but the eruption mechanism is significantly
different. The ratio of the completion period of
deciduous anterior dentition eruption to that of
permanent anterior dentition eruption is approximately
1:1 in cattle and 1:7 in humans.”

Dental maturity and growth-related parameters

In Demirjian’s method, the individual radiological
appearance of the seven permanent teeth on the left
side of the mandible was evaluated according to the
dental maturity criteria for the different stages of
calcification of the permanent teeth.” Using criteria
based on a modification of Demirjian’s method, we
classified the samples into the low- and high-maturity
groups. Although the difference in the average age
of the two groups was not higher than 1 month,
significant differences were observed in many growth-
related parameters. This observation corresponded with
the findings of a study by Boulanger,”’ which reported
a correlation between root formation and skeletal
development. The dental arch between both sides of the
deciduous canines in humans and between both sides
of the D4 in cattle is similar to a straight line.”” Hence,
the growth pattern of the intercanine width in humans
corresponds with our findings on available arch-length
width in cattle. A study by Saka et al.'* reported the
relationship between the position of the primary teeth
and successive permanent teeth by utilizing the distance
from the roots of the primary maxillary canine to the
bony crypt of the canine. Their findings corresponded
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with our findings.

In this study, we determined the factors related to
the shedding of deciduous teeth. The rate of root
resorption, persistent teeth, and tooth mobility were
significantly correlated to dental maturity, corroborating
Nanda’s report on dental shedding in humans.”” The
RRT, which lies between the root of the deciduous tooth
and its permanent tooth follicle, is responsible for root
resorption of the deciduous tooth. Oguchi' described
two phases of RRT in bovine teeth that included the
active phase, which is reddish because of the rich blood
supply, and the resting phase, which is whitish because
of the poor blood supply. In this study, we further
showed that the red color of the RRT was related to
dental maturity.

Spaced dentition

Spacing that occurs in the primary dentition is
considered a common condition and constitutes
an important feature of the dentition, since it is an
indicator of favorable development of a permanent
occlusion.” The incidence of spacing in the primary
dentition varies from 42.9% to 98%. The most marked
spaces, termed primate spaces, present mesial to canines
in the maxilla and distal to canines in the mandible.”
However, a study by Sriram et al.”* reported the fre-
quent occurrence of physiological spaces between the
deciduous incisors in the primary dentition in humans.

Significant differences were found in the mandibular
bone width, available arch length, and sum of mesio-
distal crown width only in the permanent teeth bet-
ween the spacing and non-spacing groups. The results
on dental arch and mesiodistal crown width in the
interdentally spaced dentition corroborated with the
findings of a study by el-Nofely et al.,”” who reported
significantly narrower dental arches in cases with
no spaces compared to those with spaces, as well
as the occurrence of deciduous arch spacing due to
high mesiodistal crown diameters of the permanent
successors. In general, the relationship between the
two groups showed similarities to the relationship
between the low- and high-maturity groups, but the
spacing group showed a higher p-value in the sum of
mesiodistal crown widths and a lower p-value in the sum
of mandibular bone widths. These findings suggested
that the physiological spaces between the deciduous
incisors are potential evaluation criteria for prescribing
an examination of the disproportion between the jaw
and tooth size.

Unusual root resorption

Two types of unusual root resorption, DRR and MRR,
were observed in the distal and mesial surface of the
D4 root. In DRR samples, the sum of mesiodistal crown
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widths was larger and the PDL space in the D4 distal
root surface was narrower. These findings corresponded
with those of a study by Krishnan and Davidovitch,*
which showed a narrowing of the PDL space and de-
formation of the alveolar bone on the side toward
which the tooth is moved to as a result of the eruption
pressure. Based on these findings, a crown width
relatively larger than the mandibular bone width could
generate an eruption pressure in the lateral direction.
In addition, resorption of the distal root surface of
a D4 occurs by a process similar to orthodontic root
resorption. Collectively, this explains the occurrence of
DRR on both sides in this study.

In the MRR samples, the distal tip of the P3 crown
was inclined towards the lingual side and positioned
close to the D4 root, corresponding to Ericson et als
report” that root resorption of the permanent maxillary
incisors after the eruption of the maxillary canines is
probably caused by physical contact between the incisor
and the canine and by the eruption pressure exerted
by the canine. MRR showed similarity to the unusual
clinical root resorption cases of maxillary lateral incisors
caused by an adjacent eruption of canines. A previously
proposed method uses the angle formed by the impacted
tooth axis on an orthopantomograph for detecting root
resorption of the impacted maxillary canine adjacent
teeth. Studies by Schindel and Sheinis® and Guarnieri
et al.”’ used the angle formed by the canine inclination
to the axis of the lateral incisor. The current study su-
ggested the possibility of using the angle formed by the
crown rotation of an adjacent erupting tooth on the
horizontal section in CBCT as an indicator of unusual
root resorption and should be confirmed in human
study.

CONCLUSION

This study showed that dental maturity has relevance
to the interdental spaces and unusual root resorption
of the mixed dentition. The position of an adjacent
tooth crown on the horizontal section in CBCT could
be a predictor of unusual root resorption caused by the
adjacent tooth. However, further longitudinal studies are
necessary for evaluating the application of this method
in early orthodontic diagnosis and intervention.
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