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Abstract

Objective: To determine the linear measurements of human permanent dentition de-
velopment stages using Cone-Beam Computed Tomography. Methods: This study was
based on databases of private radiology clinics involving 18 patients (13 male and 5 fe-
male, with age ranging from 3 to 20 years). Cone-Beam Computed Tomography (CBCT)
images were acquired with i-CAT system and measured with a specific function of the
i-CAT software. Two hundred and thirty-eight teeth were analyzed in different develop-
ment stages in the coronal and sagittal planes. The method was based on delimitation
and measurement of the distance between anatomical landmarks corresponding to the
development of the dental crowns and roots. These measurements allowed the develop-
ment of a quantitative model to evaluate the initial and final development stages for
all dental groups. Results and Conclusions: The measurements acquired from different
dental groups are in agreement with estimates of investigations previously published.
CBCT images of different development stages may contribute to diagnosis, planning
and outcome of treatment in various dental specialties. The dimensions of dental crowns
and roots may have important clinical and research applications, constituting a noninva-
sive technique which contributes to in vivo studies. However, further studies are recom-
mended to minimize methodological variables.
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INTRODUCTION

Knowledge of the development stages of perma-
nent teeth is essential for clinical practice in several
dental specialties, since it may have influence on di-
agnosis, treatment planning and treatment outcome.

Several studies have evaluated calcification and
development of human teeth using various method-
ologies. Radiographic
images, although representing two-dimensional as-
pects of three-dimensional structures, were the most
widely used resource to determine the calcifica-
tion and development stages of human permanent
teeth. 2034353949 A classical study by Nolla*® evaluat-
ed the stages of development of human permanent
teeth using radiographic records selected from the
files on the basis of length, which were graded on a
scale from 0 to 10 based on development.

Technological advances offer imaging modalities
which have brought important contributions to den-
tal radiology, such as viable diagnostic tools, namely
digital radiography, densitometry methods, Cone-
Beam Computed Tomography (CBCT), magnetic
resonance imaging, ultrasound and nuclear tech-
niques,® providing detailed high-resolution images
of oral structures and permitting early detection of
alterations in maxillofacial structures.

Since the introduction of computed tomogra-
phy,>'7% it has been observed that its clinical ap-
plication has exerted a significant impact on health
care, 14710-15,1922.25.20-31 2434548 Recently, clinical den-
tistry and research have benefitted from CBCT ap-

368183242 which has permitted visualization

plication,
of three-dimensional images, with additional han-
dling strategies.® The higher potential for clinical ap-
plication and the accuracy compared with periapical
radiographs have contributed to treatment planning,
diagnosis, therapy and prognosis of different diseas-
s, 14/6,7,10-15,19,25,26,20-31 42,43,45

Another remarkable feature of this technology
is the CBCT measurement tool, which enables the
determination of linear distances and volume of ana-
tomic structures,*?2* presurgical planning of maxil-

lofacial lesions,” root length and marginal bone level
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during orthodontic treatment,***® reconstruction
techniques,’? bone level changes following regen-
erative periodontal therapy,'® periodontal defect,'®
periapical lesions,'""'? and root resorptions.'?

However, based on the potential of high-resolu-
tion image acquisition and the availability of new
emerging three-dimensional imaging modalities,
it seems appropriate to study the linear measure-
ments of human permanent dentition during de-
velopment, particularly in the first 20 years of age.
Thus, the aim of this study was to determine the
linear measurements of human permanent teeth
at different development stages using Cone-Beam
Computed Tomography.

MATERIAL AND METHODS
Image Selection

This study was structured using databases of pri-
vate radiology clinics (CIRO, Goiania, GO, Brazil;
RIO, Brasilia, DF, Brazil; CROIF, Cuiaba, MT, Brazil)
involving 18 patients (n=238 teeth), 13 male, 5 fe-
male, with age ranging from 3 to 20 years. The pa-
tients were referred to the dental radiology service
for different diagnostic purposes. The sample had
no history of dental caries, orthodontic treatment or
disturbance of dental development.

The study design was approved by the Local Eth-
ics Research Committee (UFG, Proc. #169/2008).

Imaging Methods

CBCT images were acquired with i-CAT Cone-
Beam 3D imaging system (Imaging Sciences Inter-
national, Hatfield, PA, USA). Volumes were recon-
structed with 0.2 mm isometric voxel. The tube
voltage was 120 kVp and the tube current 3.8 mA.
Exposure time was 40 seconds. Images were exam-
ined with the scanner’s proprietary software (Xoran
version 3.1.62; Xoran Technologies, Ann Arbor, MI,
USA) in a PC workstation running Microsoft Win-
dows XP professional SP-2 (Microsoft Corp, Red-
mond, WA, USA), with Intel(R) Core(TM) 2 Duo-
6300 1.86 Ghz processor (Intel Corporation, USA),
NVIDIA GeForce 6200 turbo cache graphics card
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(NVIDIA Corporation, USA) and Monitor EIZO -
Flexscan S2000, resolution 1600x1200 pixels (EIZO
NANAO Corporation Hakusan, Japan).

Imaging Measurements

The method used to study the development of
the permanent teeth with CBCT was based on de-
limiting and measuring the distance between ana-
tomical landmarks according to the development of
the dental crowns and roots. All the measurements
on the CBCT images were acquired by two dental
radiology specialists using a proprietary measure-
ment tool supplied with the CBCT scanner (Xoran
3.1.62; Xoran Technologies, Ann Arbor, MI, USA).
A specific function of the i-CAT software that of-
fers values in millimeters was used to measure teeth
images. The measurements were made both in the
sagittal and coronal planes (the reference used was
the largest measurement extension given by the soft-
ware). The reference distances used were as follows:

» AB - maximum width between the incisal edge
or cusp tip and cementoenamel junction;

» BC - maximum width between the cemen-
toenamel junction and the most apical point
of the root;

» AC - maximum width between the incisal
edge or cusp tip and the most apical point
of the root;

» CD - maximum width of the apical foramen;

» A'B’ - maximum width between the inci-
sal edge or cusp tip and the end of dental
crown, used in teeth that no root formation
was detected;

» B’C’ - maximum width of the apical fora-
men, used in teeth where no root formation
was detected.

The calibrated examiners measured all 238
teeth at different development stages using the
CBCT images and assessed the dimensions in the
directions described above. When a consensus was
not reached a third observer made the final deci-
sion. Due to peculiarities of distinct dental groups,
especially for multirooted teeth, measurements
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were made specifically for each root. The B'C’ ref-
erence for teeth with more than one root used the
mean distance between roots.

Using these measurements a quantitative mod-
el with five scores was suggested for all dental
groups (with the exception of the third molar):
0 = absence of dental crypt; 1 = presence of den-
tal crypt; 2 = dental crown partially formed; 3 =
dental crown completely formed; 4 = beginning
of root formation — open apex; 5 = end of root
formation - closed apex) (Fig 1).

RESULTS

Linear measurements (mm) of the dental devel-
opment stages are shown in Tables 1 to 16. Table 17
presents the mean values (mm) of dental develop-
ment stages on CBCT scans. Figures 2 to 21 show
the images of dental development stages.

DISCUSSION

The formation stages of deciduous and perma-
nent teeth are basically the same, differing only in
time periods. The dental lamina of deciduous denti-
tion begins between the sixth and eighth week of
embryonic development. Permanent teeth begin
their development between the twentieth week of
intra-uterine life and the tenth month after birth;
permanent molars, between the twentieth week of
intra-uterine life (first molar) and the fifth year of
life (third molar).* Dental development starts dur-
ing the intra-uterine life and lasts approximately
until the second decade of life.

The values found by delimiting and measuring
the distances between anatomical landmarks cor-
responding to human teeth development stages are
described in Tables 1 to 16. These results allowed
the establishment of a model to quantify the initial
and final stages of tooth development for each den-
tal group, based on mean values (Table 17). Figures
2 to 21 illustrate dimensions of dental development
stages for maxillary and mandibular central and lat-
eral incisors, canine, premolars and molars in the
coronal and sagittal planes.
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TABLE 1 - Linear measurements (mm) of dental development stages of maxillary anterior teeth (Coronal view).

3 8.50 470 524 390 730 6.36
4 11.03 547 931 420 10.22 6.84
5 11.50 450 7.85 361 977 5.77
6 9.30 8.61 17.57 4.24 1.87 560 13.10 361 9.02  3.06 11.88 480
7 10.90 8.64 18.84 322 8.63 520 1372 381 10.70 281 1278  5.46
8 1119 1402 2479 2.81 8.55 977 1800 281 11.38  4.37 1542 569
9 8.66 1234 19.85 0.00 1.28 11.79 18.43 0.00 835 1122 1900 201
10 9.85 1612 25.08 0.00 1.53 14.84 21.65 0.00 993 1032 1967 2.81
" 8.74 1276  21.01 0.00 7.84 13.97 21.01 0.00 9.04 1703 2502  0.00
12 11.06 1349  24.00 0.00 8.40 1423 2193 0.00 10.44 1569 2540  2.09
13 9.18 1449 22.83 0.00 141 1556 22.17 0.00 9.07 1805 2646  0.00
14 9.63 1253  21.78 0.00 122 15.45 2217 0.00 762 1858 2555  0.00
15 1033 1436  24.01 0.00 141 13.34 20.50 0.00 848 1875 26,61 0.00
16 8.83 14056 21.78 0.00 7.50 13.68 20.53 0.00 835 1950 2734  0.00
17 9.33 1217 20.80 0.00 7.95 13.10 20.54 0.00 892 1518 2341 0.00
18 9.57 15.23  23.77 0.00 7.80 1456 21.40 0.00 951 1994 2822  0.00
19 1031 1632  25.80 0.00 8.06 15.09 22.15 0.00 797 1887 2606  0.00
20 9.1 15.18  23.07 0.00 113 13.19 20.00 0.00 877 1926 2660  0.00

TABLE 2 - Linear measurements (mm) of dental development stages of maxillary anterior teeth (Sagittal view).

3 9.60 579 6.30 430 7.3 5.41
4 11.40 6.04 10.06 553  9.92 6.74
5 13.23 552 10.15 553  10.24 6.18
6 1241 770 1957 449 10.04 267 1250 583 1063 1.7 12.20 762
1 1362 9.06 2207 358 12.01 412 1595 5.66 10.44  3.06 13.22 7.30
8 1243 1333 2480 323 11.23 9.04 1950 5.02 13.00 291 15.81 8.77
9 10.85 11.01 2087  0.00 10.72 10.88 20.24  0.00 10.10  10.12 19.68 3.80
10 12.04 1558 26.44  0.00 10.47 1449 2387 128 1177 8.80 20.24 5.02
n 1204 1238 2324 0.0 10.83 13.00 2275 0.00 151 17.77 21.90 0.00
12 12.28 1515 26.27  0.00 11.61 1570  26.17  0.00 13.01 1430 26.76 3.79
13 1112 1481 25.05  0.00 9.65 14.85 2339 0.00 11.61  17.05 21.51 0.00
14 11.09 14.48 2496  0.00 10.07 14.37 2374 0.00 10.05 16.75 26.01 0.00
15 1129 13.18 2368  0.00 9.48 12.88 21.46  0.00 995  18.09 26.97 0.00
16 11.65 1359 2456  0.00 9.67 1478 2335 0.00 11.29 19.25 29.50 0.00
17 11.26  10.00 20.32  0.00 10.01 1117 19.78  0.00 1059 1525 24.53 0.00
18 1279 13.10 25.44  0.00 11.20 13.21 2334 0.0 1261  16.39 28.24 0.00
19 11.93 15.09 26.42  0.00 9.81 15.33  24.01 0.00 965 18.41 27.46 0.00
20 13.06 1475 2658  0.00 10.79 16.24 2537 0.00 11.41  18.09 28.04 0.00
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TABLE 3 - Linear measurements (mm) of dental development stages of maxillary premolars teeth (Coronal view).

3 4.30 488 3.31 4.88 PRESENCE OF CRYPT PRESENCE OF CRYPT
4 6.85 424 547 424 424 458 3.66 4.58
5 6.85 511 577 5.11 3.66 366 277 271
6 798 181 962 420 740 140 874 420 756 140 882 4.18 738 122 851 418
7 854 243 1072 4.44 8.59 4.44 778 1.02 874 4.60 781 1.02 875 460
8 8.40 6.07 14.00 3.26 707 468 1142 326 752 381 11.02 4.02 733 341 1044 4.02
9 797 812 1563 221 6.84 769 1421 201 778 6.80 14.44 321 7.40 6.80 14.04 3.61
10 7.86 11.69 19.01 1.41 6.85 11.61 18.25 141 753 11.29 18.42 2.01 6.90 10.65 17.46 2.40
n 8.73 1291 20.80 1.22 767 13.10 20.22 0.00 7.84 1312 2042 1.79 753 12.70 19.81 1.22
12 8.85 12.81 20.60 1.26 781 1237 19.64 0.82 752 1151 1827 0.63 797 11.71 19.22 0.63
13 7.15 1476 21.40 0.00 7.15 1273 19.40 0.00 6.77 15.89 22.01 0.00 6.32 15.85 21.61 0.00
14 6.96 14.16 20.45 0.00 6.84 1432 20.63 0.00 6.77 15.16 21.40 0.00 6.32 14.80 20.60 0.00
15 766 1567 2243 0.00 7.38 1496 22.01 0.00 7.40 1412 21.01 0.00 715 14.12 20.80 0.00
16 772 1463 21.80 0.00 7.18 1456 21.26 0.00 772 16.36 23.43 0.00 6.99 16.06 22.51 0.00
17 7.35 1233 18.81 0.00 716 11.07 17.61 0.00 6.49 11.47 17.51 0.00 6.41 11.04 16.71 0.00
18 8.03 14.12 21.40 0.00 7.38 13.14 2052 0.00 7.78 15.07 22.42 0.00 7.17 15.25 21.86 0.00
19 747 1437 21.20 0.00 7.15 1401 20.60 0.00 7.15 15.82 22.40 0.00 7.40 16.51 23.21 0.00
20 8.17 17.42 24.61 0.00 7.02 16.02 22.09 0.00 8.16 16.41 24.00 0.00 7.34 16.60 23.40 0.00

TABLE 4 - Linear measurements (mm) of dental development stages of maxillary premolars teeth (Sagittal view).

3 451 598 228 5.98 PRESENCE OF CRYPT PRESENCE OF CRYPT
4 685 797 6.33 797 454 6.61 3.35 6.61
5 658 760 547 760 3.79 247 3.01 247
6 820 122 934 740 727 134 841 740 684 122 79 8.02 727 1.08 8.02 802
7 9.14 215 11.03 7.96 8.40 7.96 699 215 884 9.02 735 141 860 9.02
8 922 422 13.05 826 773 456 12.00 826 922 234 11.02 9.00 762 234 9.65 9.00
9 797 789 1545 543 740 7.77 1507 543 759 665 1389 6.48 782 6.55 14.02 6.48
10 875 1215 20.39 354 6.91 1045 17.20 354 866 931 17.66 4.00 703 973 16.63 4.00
n 898 11.94 20.60 0.80 7.82 1248 20.22 0.00 829 1203 19.90 241 773 1224 19.63 2.41
12 9.41 1151 20.60 0.82 762 11.81 19.25 0.80 852 10.44 1838 201 8.41 10.88 18.41 201
13 8.80 1266 21.27 0.00 7.07 1321 19.90 0.00 757 1495 22.06 0.00 6.68 15.37 21.54 0.00
14 773 1283 20.22 0.00 7.22 12.86 19.80 0.00 7.86 13.30 20.76 0.00 6.94 14.04 20.39 0.00
15 8.16 14.14 21.80 0.00 750 13.75 21.02 0.00 725 1426 20.91 0.00 747 1421 20.82 0.00
16 826 1431 2235 0.00 753 1441 2166 0.00 7.86 1460 21.84 0.00 7.33 14.87 2150 0.00
17 752 1031 17.26 0.00 7.16 1061 17.32 0.00 729 1068 17.64 0.00 7.11 10.85 17.11 0.00
18 9.42 12.42 21.56 0.00 7.67 1228 19.89 0.00 8.46 15.05 2295 0.00 767 1499 22.04 0.00
19 8.10 13.19 20.62 0.00 7.23 1420 21.01 0.00 753 16.54 2357 0.00 7.03 17.28 2350 0.00
20 9.43 1576 24.45 0.00 7.67 13.94 21.54 0.00 863 17.15 24.96 0.00 7.84 16.83 24.39 0.00
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TABLE 5 - Linear measurements (mm) of dental development stages of maxillary first molar tooth (Coronal view).

3 7.50 722 750 722 10.06 7.85
4 759 272 1026 664 752 228 972 664 902 190 1092 664
5 771 306 1057 663 735 306 1024 663 888 285 1144 663
6 685 891 1561 220 877 866 1680 201 679 868 1501  3.35
7 786 985 1780  1.08 796 942 1723 1.00 829 1118 1842 301
8 694 1174 1840 161 753 1164 1884 141 844 1096 1882 322
9 6.84 1236 1880  0.00 703 1191 1883 0.00 822 1349 2082 0.0
10 636 1474 2081  0.00 764 1380 2142 0.00 835 1577 2327 0.0
11 6.60 1431 2032  0.00 757 1206 1940  0.00 822 1495 2203 0.0
12 781 1318 2060  0.00 801 1310 2094 0.00 830 1602 2350  0.00
13 6.36 1299 1902  0.00 648 1253 1882  0.00 723 1460 2126 0.00
14 626 1203 1803  0.00 668 1144 1800  0.00 747 1322 2000 0.0
15 699 1404 2062  0.00 781 1221 2002 0.00 747 1382 2042 0.00
16 679 1385 2022 0.0 724 1364 2080  0.00 798 1607 2286  0.00
17 632 1147 1705  0.00 691 958 1625 0.00 760 1196 1854  0.00
18 703 1404 2062 0.00 730 1256 1963  0.00 754 1374 2022 0.00
19 728 1484 2146 0.00 781 1296 2146  0.00 836 1451 2201 0.0
20 767 1429 2114 0.00 840 1296  21.00  0.00 836 1709 2427 0.0

TABLE 6 - Linear measurements (mm) of dental development stages of maxillary first molar tooth (Sagittal view).

3 6.63 1116 6.60 1116 7.74 11.16
4 960 190 1124 1001 7.50 10.01 830 272 1090 1001
5 779 210 983 1080 771 212 972 1080 836 218 1019  10.80
6 671 923 1581 200 734 993 1641 165 854 970 1784 272
7 792 963 1741 442 762 934 1684 349 835 1040 1858 267
8 796 1041 1801  4.08 747 1080 1756 2.34 684 11.00 1769 261
9 721 1208 1883  0.00 723 1174 1843 0.0 742 1392 2100 0.00
10 742 1408 2131 000 780 1248 2025 0.00 814 1388 2195 000
11 710 1223 1891 0.0 773 1236 1981 0.00 806 1308 2091 0.0
12 796 1335 2072 000 742 1365 2022 0.00 893 1507 2362 000
13 671 1266 1920  0.00 648 1204 1840 0.00 743 1367 2046 0.0
14 685 1213 1871  0.00 671 1095 1741 000 779 1157 1910 0.0
15 728 1325 2022 0.00 738 1206 1940 0.00 803 1261 2042 0.00
16 730 1322 2024 000 6.87 1431 21.02 0.00 752 1503 2237 000
17 729 1085 1725 0.0 704 971 1625 000 776 1103 1854 0.0
18 886 1203 2052 0.0 824 1130 1928 0.00 707 1381 2063 0.00
19 781 1345 2082 000 728 1412 21.00 0.00 822 1481 2269  0.00
20 893 1218 2041 000 786 1414 2160 0.00 914 1542 2399  0.00

Dental Press J Orthod 49 2010 Sept-Oct;15(5):44-78



Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study

TABLE 7 - Linear measurements (mm) of dental development stages of maxillary second molar tooth (Coronal view).

3 ABSENCE OF CRYPT ABSENCE OF CRYPT ABSENCE OF CRYPT

4 5.11 700 3.01 700 484 7.00
5 4.26 3.31 4.26

6 151 6.85 122 6.85 7.98 6.85
1 8.66 7.07 8.04 1.07 8.79 1.07
8 709 243 926 7.10 681 165 840 7.0 742 303 1006 7.10
9 747 621 1321 4.40 722 490 1201 440 784 510 1250  3.80
10 691 822 1467 204 665 660 1321 247 753 829 1501 3.49
n 725 941 16.21 1.02 760 671 1414 1.00 772 963  16.51 3.21
12 747 1031 1734 221 699 786 1462 204 820 949 17.04 261
13 6.46 1161 1760  0.00 6.45 1130 17.29 0.0 728 1303 1925 0.0
14 6.14 1232 1782 0.0 6.36 1169 17.64 0.00 707 1499 21.00 0.0
(15, 723 1176 1829 0.0 744 1025 17.60 0.00 740 1327 2022 0.0
16 728 1452 2072 0.0 703 1342 2045 0.0 784 1602 2287 0.0
17 6.43 1346 19.07  0.00 6.33 1221 1829 0.0 691 1194 1817 0.0
18 778 1398 2072 0.0 760 1164 1922 0.0 814 1495 2200 0.0
19 721 1326 1980  0.00 721 1306 20.12 0.00 743 1471 2195 0.0
20 786 1402 2125 0.0 757 1261 1967 0.0 841 1785 2480 0.0

TABLE 8 - Linear measurements (mm) of dental development stages of maxillary second molar tooth (Sagittal view).

3 ABSENCE OF CRYPT ABSENCE OF CRYPT ABSENCE OF CRYPT

4 5.32 781  3.06 781 518 7.81
5 4.54 3.00 474

6 7.80 10.19 7.02 10.19 9.06 10.19
7 8.42 9.87 8.40 9.87 9.22 9.87
8 8.23 126 9.18 12.01 7.15 171 855 1201 7.88 1.22 892 1201
9 178 588 13.01 824 1.28 553 1243 824 128 5.41 1250 8.24
10 7.34 757 1441 281 7.28 6.23 1327 283 177 6.03 13.64 4.08
n 8.49 9.01 1643 201 7.50 700 1482 1.08 1.66 8.55 16.16  1.97
12 8.03 866 16.28 272 178 6.85 1456  3.68 8.16 9.43 17.50 224
13 6.99 11.60 18.19 0.00 6.58 1025 16.71  0.00 147 12.50 19.60  0.00
14 6.21 11.61 17.41 0.00 6.48 10.82 17.27  0.00 1.97 13.62 21.26  0.00
15 167 11.64 18.49 0.00 1.62 10.01 17.20  0.00 8.41 12.13 19.68  0.00
16 7.62 12.81 20.24 0.00 7.03 1401 20.94  0.00 8.12 14.41 2242 0.00
17 6.80 11.95 18.04 0.00 6.88 1085 17.01  0.00 8.31 1212 19.06  0.00
18 9.67 11.68 21.20 0.00 133 1250 19.60  0.00 8.51 13.22 21.42  0.00
19 141 13.06 20.01 0.00 6.60 13.60 19.40  0.00 1.86 13.80 21.49 0.0
20 8.54 13.16  20.85 0.00 1.54 1246 19.33  0.00 118 15.93 2343 0.00
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TABLE 9 - Linear measurements (mm) of dental development stages of mandibular anterior teeth (Coronal view).

3 8.45 335  7.50 335 731 4.80
4 9.97 331 1036 391 9.90 5.71
5 10.90 3.00 1065 361 930 5.32
6 8.19 8.72 16.81 218 8.16 1.26 15.07 277 9.02 242 1121 6.00
7 863 1264 21.02 0.00 787 1365 2115  0.00 8.88 9.43 18.05 321
8 937 1306 2260 0.00 9.18 1451 2340  0.60 9.95 8.09 17.66  3.61
9 912 1452 2351 0.00 873 1557 2401 150 9.10 1225 2112 350
10 810 1585 2376 0.00 9.10 16.02 2481 1.03 8.46 13.06 21.05 325
n 859 1253  20.80 0.00 860 1526 2343  0.00 9.49 17.47  26.44  1.60
12 883 1366 2220 0.00 874 1500 2352  0.00 8.92 15.93 2439 0.0
13 6.71 1268  19.01  0.00 6.84 1447 2082  0.00 7.53 1426  21.05 0.0
14 792 1367 2140 0.00 742 1542 2241 0.0 8.54 1485  23.03  0.00
15 8.74 9.81 1831  0.00 8.91 1072 19.40  0.00 8.79 1339 2165 0.0
16 859 1268  21.00 0.00 883 1440 2261  0.00 9.62 16.16 2541  0.00
17 820 1350 2140 0.00 894 1547 2390 0.00 9.67 2052 2881  0.00
18 723 1460 2161 0.00 753 1506 22.01  0.00 7.86 18.68 2589  0.00
19 728 1414 21.00 0.00 778 1471 2220 0.0 7.66 18.95  26.00 0.00
20 757 1434 2160 0.00 773 1266 2020  0.00 9.23 19.67 2843 0.0

TABLE 10 - Linear measurements (mm) of dental development stages of mandibular anterior teeth (Sagittal view).

3 8.40 485 819 485 11 4.80
4 10.90 553 1055 6.63  9.53 6.41
5 11.89 543 11.16 518 931 5.1
6 1044 8.24 18.09  5.13 10.26 5.41 15.49 6.36 11.80 8.54
1 1014 12.03 2141 0.00 10.63  11.88 21.65 2.34 11.74 6.91 18.27  6.02
8 11.07 12,52 2262  0.00 1132 1315 2384 260 11.76 6.03 17.46  7.42
9 1059  14.98 2450  0.00 11.00  13.73 23.80 1.75 12.18 10.69 2209 6.50
10 1036 15.10 2450  0.00 10.64  13.61 23.36 1.82 12.10 1044 2182 6.17
" 1045 14.14 2353 0.00 1072 15.03 24.56 0.00 13.05 1445  26.08 2.83
12 10.34  13.07 2282  0.00 10.66  14.52 24.05 0.00 11.79 1359 24.09 0.00
13 943  10.58 1946 0.00 8.60 13.24 21.02 0.00 9.77 1423 2260 0.00
14 946 1297 2140  0.00 9.75 14.48 23.27 0.00 11.61 15.21 2555 0.00
15 10.00  10.88 2006  0.00 10.80  12.26 22.01 0.00 11.84 13.09 2411 0.00
16 980 13.72 2229  0.00 1033 15.12 2394 0.0 12.28 1529  26.65 0.00
17 985 1361 2267  0.00 1129 1270 22.99 0.00 13.44 17.21 29.47  0.00
18 957 1445 2319  0.00 9.40 15.98 24.56 0.00 11.85 1558  26.19 0.00
19 899 1358 21.60  0.00 9.49 14.81 23.22 0.00 9.95 16.83 2581 0.00
20 855 1374 2147  0.00 9.51 13.91 22.49 0.00 11.22 1872 28.60 0.00
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study

TABLE 11 - Linear measurements (mm) of dental development stages of mandibular premolars teeth (Coronal view).

3 4.88 5.18 PRESENCE OF CRYPT

4 6.31 5.43 4.58 4.51
5 5.69 5.43 PRESENCE OF CRYPT

6 8.25 5.41 8.19 5.53
7 8.17 5.20 13.15 3.88 7.40 2.34 9.62 3.38

8 8.66 5.06 13.35 3.62 8.36 3.98 11.74 5.00

9 8.07 791 15.25 2.06 1.75 4.37 11.63 4.01

10 8.38 .1 15.05 3.26 8.07 3.88 11.57 3.51

n 8.61 14.20 22.04 2.21 7.84 15.03 22.20 2.72

12 9.30 13.42 21.90 0.60 8.08 13.07 20.70 0.90

13 1.25 14.36 20.40 0.00 6.39 15.10 20.82 0.00

14 6.80 15.97 21.81 0.00 6.39 16.51 2222 0.00

15 8.35 12.76 20.65 0.00 8.05 13.42 21.00 0.00

16 8.14 15.09 22.31 0.00 197 15.73 23.01 0.00

17 8.54 18.29 25.83 0.00 1.66 18.44 25.10 0.00

18 7.84 15.92 23.01 0.00 743 16.48 23.00 0.00

19 7.54 15.97 22.61 0.00 .21 16.64 23.04 0.00

20 8.10 17.23 24.27 0.00 7.40 16.48 23.21 0.00

TABLE 12 - Linear measurements (mm) of dental development stages of mandibular premolars teeth (Sagittal view).

3 4.37 4.81 PRESENCE OF CRYPT

4 6.93 5.73 4.69 5.60
5 5.41 4.81 PRESENCE OF CRYPT

6 8.47 8.11 1.82 8.53
1 9.28 3.42 12.63 5.46 1.07 2.67 9.31 6.01

8 9.39 4.00 13.16 6.91 8.84 3.22 11.73 5.44

9 9.30 6.50 15.26 6.50 8.40 3.04 10.91 6.58

10 8.94 6.79 15.10 6.29 7.50 378 10.96 6.96

" 9.21 13.61 21.67 1.79 9.30 1241 21.11 4.08

12 9.14 13.28 22.00 1.20 9.26 11.94 20.16 0.90

13 8.33 13.93 21.00 0.00 7.62 13.97 20.60 0.00

14 8.44 15.05 22.60 0.00 6.58 16.75 22.80 0.00

15 8.94 12.29 20.42 0.00 9.1 12.96 21.42 0.00

16 9.1 14.76 2291 0.00 8.80 15.69 23.24 0.00

17 10.63 17.46 21.22 0.00 9.12 16.49 24.85 0.00

18 8.99 14.95 23.00 0.00 8.43 15.92 23.40 0.00

19 7.69 15.78 22.43 0.00 753 16.12 23.02 0.00

20 9.22 16.83 25.02 0.00 1.96 16.88 23.90 0.00
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TABLE 13 - Linear measurements (mm) of dental development stages of mandibular first molar tooth (Coronal view).

3 8N 824 7.26 824 808 824 698 8.24
4 785 201 960 7.52 808 242 1026 752 720 182 9.00 752 706 182 888 752
5 811 313 1112 883 751 342 1087 883 890 242 11.14 883 808 300 1075 883
6 779 840 1600 3.01 800 872 1654 270 845 7.35 1624 331 779 9.04 1677 335
7 792 1049 1820 141 780 1141 1910 152 849 948 17.96 2.21 757 1032 17.89 1.90
8 871 1079 1921 215 757 1204 1921 134 862 995 1853 279 825 1075 18.87 134
9 7.20 1486 2126 079 722 1565 2232 1.06 7.76 1375 2132 0.79 6.91 14.01 20.77 1.03
10 7.67 1487 2140 1.60 704 1494 2115 071 767 1376 21.10 152 6.80 14.39 20.75 0.75
11 6.65 1648 2261 0.00 709 1650 2320 000 7.67 14.27 2161 0.00 721 1489 22.03 0.00
12 7.21 1589 2252 0.00 771 1589 2313 0.00 866 13.88 22.49 0.00 7.59 14.78 22.24 0.00
13 6.55 1237 1847 0.00 668 1271 19.10 000 7.69 11.80 18.91 0.00 6.99 12.48 19.20 0.00
14 632 1474 2060 0.00 671 1590 2220 000 7.35 1381 2074 0.00 6.75 15.01 21.61 0.00
15 699 1276 1925 0.00 764 1252 1990 000 7.67 11.21 1876 0.00 6.32 1276 17.63 0.00
16 715 1575 2195 0.00 703 1626 2257 000 7.86 13.62 2138 0.00 7.40 1460 2161 0.00
17 632 17.26 2302 0.00 679 1608 2244 000 6.16 1561 21.62 0.00 6.99 15.02 21.81 0.00
18 691 1425 2065 0.00 696 1485 2142 000 7.62 1263 20.02 0.00 6.87 13.06 19.80 0.00
19 7.28 1414 2081 0.00 690 1537 2163 000 6.71 1481 21.26 0.00 6.90 15.34 21.63 0.00
20 671 1374 1997 0.00 648 1660 2074 000 7.66 13.81 2055 0.00 6.98 1341 19.77 0.00

TABLE 14 - Linear measurements (mm) of dental development stages of mandibular first molar tooth (Sagittal view).

3 1.52 9.18 7.22 9.18 7.92 9.18 6.91 9.18
4 805 150 942 750 765 272 1027 7.0 832 277 10.63 7.50 6.30 234 824 7.50
5 792 277 1041 1755 700 272 964 755 779 277 1031 7.20 752 295 1022 7.20
6 875 992 1820 277 735 918 1620 2.47 854 8.11 16.38 2.16 7.00 8.54 15.07 2.01
7 8.48 10.10 18.05 4.24 744 1176 18.81 4.24 849 942 1767 4.04 7.40 10.77 17.81 4.04
8 921 1058 19.34 215 6.44 1338 1867 215 8.60 10.31 18.64 2.79 7.47 11.65 18.40 2.79
9 7.94 1500 2177 1.25 7.04 1425 2074 150 7.83 1430 21.37 2.02 7.00 15.21 21.67 2.02
10 831 1250 1951 1.75 6.86 1213 18.58 1.75 825 13.48 21.26 2.55 6.62 15.04 20.93 2.55
n 8.49 1456 22.61 0.00 8.16 1578 23.02 0.00 7.62 14.95 22.04 0.00 6.25 16.27 21.98 0.00
12 9.40 1471 22.93 0.00 759 1661 23.22 0.00 8.66 15.18 22.96 0.00 7.94 16.16 23.56 0.00
13 752 12.61 19.00 0.00 6.65 1396 19.75 0.00 7.62 11.64 18.51 0.00 6.48 13.11 18.98 0.00
14 7.33 1454 21.03 0.00 6.65 1583 21.25 0.00 7.47 13.50 20.42 0.00 6.00 15.12 20.68 0.00
15 8.60 10.92 19.03 0.00 6.99 1281 19.27 0.00 7.62 12.43 19.61 0.00 6.60 13.89 20.19 0.00
16 835 15.14 22.66 0.00 753 1651 23.02 0.00 8.00 14.18 21.51 0.00 753 15.12 22.03 0.00
17 6.91 16.76 22.53 0.00 702 1624 23.03 0.00 6.85 14.93 21.34 0.00 6.91 15.16 21.40 0.00
18 7.73 13.61 20.60 0.00 6.75 1556 21.30 0.00 7.53 13.67 20.82 0.00 6.01 15.57 20.94 0.00
19 7.62 1530 22.00 0.00 566 17.46 2242 0.0 7.84 13.78 21.00 0.00 6.83 15.31 21.54 0.00
20 762 13.85 20.24 0.00 6.91 1479 20.56 0.00 7.17 13.82 20.20 0.00 6.08 14.70 20.39 0.00
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study

TABLE 15 - Linear measurements (mm) of dental development stages of mandibular second molar tooth (Coronal view).

W 00 N o o B~ W

"
12
13
14
15
16
17
18
19

4.80
3.31
8.53

PRESENCE OF CRYPT

8.24
8.10
8.14

8.14

7.98
1.87
753
6.83
8.29
7.60
167
7.80
1.35
6.99

1.84
5.10
6.64

6.41

11.22
12.26
12.29
14.67
11.98
16.64
16.20
14.46
13.45
15.43

9.65
12.86
14.27

14.04

18.42
19.02
18.78
20.22
18.98
22.53
22.88
21.21
20.00
21.41

759
2.61
2.55

2.61

228
1.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

8.45 451
3.31
10.36 7.30

PRESENCE OF CRYPT

1.05
7.86
7.04

7.02

6.96
142
6.99
6.51
8.43
7.89
7.96
7.10
117
6.58

1.98
5.50
6.32

6.41

11.85
12.43
12.46
121
10.28
13.60
15.52
14.82
13.89
15.62

8.68
12.80
13.06

13.12

18.20
19.05
18.73
18.09
18.66
21.45
22.59
21.22
20.20
21.45

/859
34
3.01

2.55

268
1.50
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

8.45 458
2.42
10.36 8.47

PRESENCE OF CRYPT

7.66
8.14
1.62

1.52

173
8.37
7.42
1.21
7.69
1.87
7.09
7.86
1.50
7.86

1.61
4.22
5.88

5.40

10.00
9.64
11.25
13.00
12.09
16.32
16.12
12.66
12.24
13.05

9.13
11.98
13.44

12.89

17.64
17.74
18.05
19.74
18.47
22.47
22.61
20.22
19.60
20.25

7.59
3.31
3.16

3.35

2.60
1.80
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

8.45 4.08
4.20
10.36 7.13

TABLE 16 - Linear measurements (mm) of dental development stages of mandibular second molar tooth (Sagittal view).

©W © N o o A~ W

11
12
13
14
15
16
17
18
19

474
2.68
1.52

PRESENCE OF CRYPT

6.54
8.51
8.72
8.96
8.41
8.82
8.16
6.53
8.93
8.62
8.59
8.05
7.96
7.88

1.80
447

5.76

5.27

10.32
11.13
11.63
14.89
8.60

14.81
13.52
13.74
13.24
14.87

8.22
12.47
14.01
13.83
18.63
19.20
18.75
20.65
17.37
2222
21.26
20.82
20.39
21.28

8.01
9.04
3.54
329
2.53
3.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7.81 4.08
2.56
10.20 6.55

PRESENCE OF CRYPT

6.01
6.32
6.79
6.05
172
8.00
6.99
5.89
6.80
6.87
120
6.54
6.05
1.54
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2.15
5.14
5.77
6.97
9.77
11.50
12.47
16.19
9.84
16.20
14.59
15.25
15.75
15.01

8.01

11.03
12.29
12.79
17.00
18.94
18.89
20.94
16.21
2252
21.12
20.68
20.72
21.16

8.01
9.04
329
2.50
3.01
3.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

54

7.81 4.85
2.16
10.20 7.80

PRESENCE OF CRYPT

7.96
8.41
8.05
8.08
1.67
8.00
128
128
8.23
118
127
7.69
1.52
717

2.61

3.68

6.02
5.59

10.85
9.77

11.72
12.86
10.21
14.60
15.40
12.97
12.23
14.55

10.31
11.22
13.84
13.15
18.23
17.40
17.85
19.67
18.05
21.80
21.90
20.06
19.46
20.48
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8.01
7.60
3.51
3.25
5.46
3.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

781 371
1.62
10.20 6.77

PRESENCE OF CRYPT

6.88
1.25
1.21

7.38

6.94
713
7.03
6.99
8.03
6.75
178
8.22
147
7.86

1.60 8.24

3.80 10.82
5.02 12.10

5.64 12.91

10.01 16.83
10.52 17.44
11.45 18.01
13.72 20.40
10.25 18.16
14.40 21.05
15.13 22.40

11.80 19.80

13.02 20.24
12.86 20.05

7.59
3.50
3.02

3.16

2.83
1.80
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

PRESENCE OF CRYPT

7.40
133
7.00
6.27
6.51
6.36
6.45
5.80
6.87
7.18
7.03
6.08
6.25
6.41

1.7

4.33

5.77

5.64

10.91
10.63
11.90
14.05
12.12
15.52
15.23
14.56
14.65
14.97

9.01
10.85
12.62
1.7
17.06
16.63
17.99
19.42
18.51
21.81
21.62
20.22
20.24
20.91

8.01
7.60
3.26
3.82
5.46
3.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

8.45

10.36

1.81

10.20
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TABLE 17 - Dimensions (mm) of dental development stages measured with CBCT.

0

1

2 >9.60-11.41 >6.30-8.84 >7.13-9.10

3 >10.85-11.99 >9.48-10.51 >9.65-11.15
4 >7.70-10.03 >2.67-7.58 >1.71-6.82

5 >10-13.59 >10.88-13.86 >15.25-17.45
0

1

2 >8.40-10.40 >8.19-9.97 >7.11-9.44

3 >8.55-9.94 >8.60-10.29 >9.77-11.76
4 >8.24-10.88 >5.41-11.56 >6.03-9.70

5 >10.58-13.24 >12.26-14.21 >13.09-15.53

>2.28-5.34 >3.01-3.67 >6.60-6.99 >3.00-4.31
>6.91-8.04 >6.68-7.66 >6.48-7.69 >6.21-7.71
>1.22-1.25 >1.08-6.31 >1.90-7.25 >1.22-6.02
>10.31-13.14 >10.68-14.69 >9.71-12.90 >10.01-12.47
>4.47-6.30 >4.69-7.82 >6.91-7.39 >1.62-4.59
>7.69-9.04 >7.07-8.25 >5.66-7.47 >5.89-7.34
>3.42-7.93 >2.67-6.18 >1.50-9.15 >1.71-6.57
>12.29-15.13 >12.96-15.60 >10.92-14.65 >8.60-13.69

0- Absence of dental crypt; 1 - Presence of dental crypt; 2 — Dental crown partially formed; 3 — Dental crown totally formed; 4 — Beginning of root forma-

tion — open apex; 5— End of root formation — closed apex.

FIGURE 1 - Human permanent dental development stages using CBCT (Sagittal view).

Considering this research is a preliminary essay,
the determination of the anatomical landmarks of
human teeth with clinical importance may be an ini-
tial reference for a dental anatomy study based on
the CBCT imaging method.

Growth and development may be estimated us-
ing parameters of chronological and biological age.

Dental Press J Orthod

55

The indicators of biological age are: stature, weight,
mental, sexual, skeletal and dental ages.”® Dental
age may be determined by eruptive chronology and
by dental mineralization stages. A high correlation
is observed between dental age and chronologi-
cal age. The measurements obtained in the present
study corresponding to different stages of dental
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study
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FIGURE 2 - Linear measurements of dental development stages of maxillary central incisor using CBCT (Coronal view).
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FIGURE 3 - Linear measurements of dental development stages of maxillary central incisor using CBCT (Sagittal view).
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study
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FIGURE 4 - Linear measurements of dental development stages of maxillary lateral incisor using CBCT (Coronal view).
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FIGURE 5 - Linear measurements of dental development stages of maxillary lateral incisor using CBCT (Sagittal view).
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study
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FIGURE 6 - Linear measurements of dental development stages of maxillary canine using CBCT (Coronal view).

Dental Press J Orthod 60 2010 Sept-Oct;15(5):44-78




Estrela C, Valladares Neto J, Bueno MR, Guedes OA, Porto OCL, Pécora JD

5.41(B"-C’)

. 7.13(A-B)

3.80 (C-D)

10.12 (B-C)

1968 (A-C) . 10.10(A-B)

0.00 (C-D)

\ 15.25 (B-C
\ ‘_____(_ _)

2453 (A-C) V\ 10.59 (A-B)
-,
F

r

FIGURE 7 - Linear measurements of dental development stages of maxillary canine using CBCT (Sagittal view).
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study
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FIGURE 8 - Linear measurements of dental development stages of maxillary first premolar using CBCT (Coronal view).
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FIGURE 9 - Linear measurements of dental development stages of maxillary first premolar using CBCT (Sagittal view).
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study
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FIGURE 10 - Linear measurements of dental development stages of maxillary first molar using CBCT (Coronal view).
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FIGURE 11 - Linear measurements of dental development stages of maxillary first molar using CBCT (Sagittal view).
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Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study
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FIGURE 12 - Linear measurements of dental development stages of mandibular central incisor using CBCT (Coronal view).
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FIGURE 13 - Linear measurements of dental development stages of mandibular central incisor using CBCT (Sagittal view).
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FIGURE 14 - Linear measurements of dental development stages of maxillary lateral incisor using CBCT (Coronal view).
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FIGURE 15 - Linear measurements of dental development stages of maxillary lateral incisor using CBCT (Sagittal view).

Dental Press J Orthod 69 2010 Sept-Oct;15(5):44-78




Linear measurements of human permanent dental development stages using Cone-Beam Computed Tomography: A preliminary study

A ‘5 7ﬂA’—B’) '*',

4.80 (B"-C")
R

17.66 (A-C)

8.54 (A-B) .
14.85 (B-C) :
? — . 23.03(A-C)

"2
4
| & -, B 0.00(C-D)

FIGURE 16 - Linear measurements of dental development stages of mandibular canine using CBCT (Coronal view).
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FIGURE 17 - Linear measurements of dental development stages of mandibular canine using CBCT (Sagittal view).
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FIGURE 18 - Linear measurements of dental development stages of mandibular first premolar using CBCT (Coronal view).
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FIGURE 19 - Linear measurements of dental development stages of mandibular first premolar using CBCT (Sagittal view).
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FIGURE 20 - Linear measurements of dental development stages of mandibular first molar using CBCT (Coronal view).
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FIGURE 21 - Linear measurements of dental development stages of mandibular first molar using CBCT (Sagittal view).
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development (3 to 20 years of age) represent a ref-
erence value of length, which should be associated
with caution to maturation stage or skeletal age.

The present study was conducted using databases
from private radiology clinics, in subjects whose ge-
netic, nutritional, physiologic, pathologic, socioeco-
nomic, and housing patterns were not standardized.
The measurements acquired on dental groups are
in accordance with estimates from previously pub-
lished investigations.”*®>* However, this tool consti-
tutes a noninvasive technique which permits in vivo
studies. Investigations with observation methods
using conventional radiographs to evaluate the de-
velopment of human permanent teeth, chronology
and sequence of eruption represent the most widely
employed study models.2021:343544,

A classical study by Nolla® reported that ev-
ery dentist treating children must have a good
understanding of the development of the denti-
tion. The variability in tooth development may
indicate differences between mean values. The
author used serial oral radiographs of twenty-five
boys and twenty-five girls, and suggested stages of
development of human permanent teeth, which
were graded on a scale from 0 to 10 (0- absence of
crypt; 1- presence of crypt; 2- start of calcification;
3- one-third of crown completed; 4- two thirds
of crown completed; 5- crown almost completed;
6- crown completed; 7- one-third of root com-
pleted; 8- two-thirds of root completed; 9- root
almost completed - open apex; 10- apical end of
root completed). Mean differences in the general
sequence of development were not apparent be-
tween genders and few development differences
were found between right and left teeth.

The possibility of obtaining information on
three-dimensional anatomic structures in vivo with
image handling has great potential and constitutes
an achievement for all dental areas.® Liu et al*® de-
termined the accuracy of volumetric analysis of
teeth in vivo using CBCT. The volume of 24 bicus-
pid teeth extracted for orthodontic purposes were
determined. The measurements slightly deviated
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from the volumes within -4% to 7%. Smoothing
operations reduce volume measurements. Cur-
rently, no requirements for accuracy of volumetric
determinations of tooth volume have been estab-
lished. Baumgaertel et al* investigated the reliabil-
ity and accuracy of dental measurements made on
CBCT reconstructions. Thirty human skulls were
scanned with dental CBCT, and 3-dimensional
reconstructions of the dentitions were generated.
Ten measurements (overbite, overjet, maxillary
and mandibular intermolar and intercanine widths,
available arch length, and required arch length)
were made directly on the dentitions of the skulls
with a high-precision digital caliper and on the
digital reconstructions with commercially avail-
able software. Dental measurements from CBCT
volumes can be used for quantitative analysis. A
small systematic error was found, which became
statistically significant only when combining sev-
eral measurements. An adjustment for this error
allowed improved accuracy.

Several studies have used the CBCT mea-
surement tool to determine distances between
maxillofacial anatomical structures,!47.19.25.29-31.45
CBCT measurements have more important ap-
plications and reliability than conventional imag-

ing methods.>!1-13,1545

CONCLUSIONS

Under the tested conditions and within the limi-
tations of this preliminary study, one can conclude
that CBCT images of different development stages
may contribute to treatment diagnosis, planning
and outcome. The dimensions of dental crowns and
roots may have good clinical and research applica-
tion. However, further studies are recommended to
minimize variables in the methodology.
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