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Root and Canal Morphology of Maxillary Primary Molar using CBCT and 3D CT
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— Abstract

The purpose of this study is to analyze morphological characteristics of maxillary primary molar’s root and root canal.
268 children aged 3 - 7 years (175 boys, 93 girls) who had CBCT (152 children) and 3D CT (116 children) taken in Seoul
National University Dental Hospital from January 2006 to April 2020 were included. The number of roots and root canals
were analyzed in 1002 teeth without any root resorption or periapical pathologies. Curvature, angulation, length of root
and root canal, as well as cross-sectional shapes of the root canal were analyzed in 218 teeth. By using Mimics and
3-Matics software, volume, surface area, and volume ratio of root canal was analyzed in 48 teeth.

More than half of maxillary primary molars have 3 roots and 3 root canals. The degree of symmetry of root canal type
was about 0.63 (Cohen's kappa coefficient). The most frequent shape of roots and canals was linear in 1" primary molars
and curved in 2" primary molars. Angulation, length of root and root canals was the largest on palatal roots. Most
teeth showed ovoid or round shapes at apex. The largest root canal volume, surface area, volume ratio was found in the
palatal roots.

Key words : Primary molars, Root canal, Cone-beam computerized tomography, 3D computerized tomography,
Mimics, 3-Matics software
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Fig. 1. Number of roots and root canals in maxillary primary molars. Yellow arrow indicates canal.

2R/3C: 2 root 3 canal
2R/4C (D): 2 root 4 canal (2 canals in distal root)
2R/4C (M): 2 root 4 canal (2 canals in mesial root)

4R/AC (B): 4 root 4 canal (buccal 3 root, palatal 1 root)

3R/3C: 3 root 3 canal

3R/4C (D): 3 root 4 canal (2 canals in distal root)
3R/4C (M): 3 root 4 canal (2 canals in mesial root)
4R/AC (P): 4 root 4 canal (buccal 2 root, palatal 2 root)
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Fig. 2. Shape of root. (A) Straight, (B) Curved, (C) S-shape.

M: Mesial, D: Distal

Fig. 3. (A) Angulation, (B) Root length, (C) Root canal length of maxillary primary molar.

M: Mesial, D: Distal

Fig. 4. Images of the Maxillary primary molars’ outlines of root canals.

R: round, O: ovoid, F-O: flat oval
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Axial Sagittal Coronal Axial Sagittal Coronal

Fig. 5. Threshold range setting using 3D CT data, in Mimics software. (A) Too low threshold (86 HU), (B) Too high threshold
(1792 HU), (C) Adequate threshold (1182 HU), (D) After manual adjustment.
HU: Hounsfield, Bu: Buccal, Pa: Palatal, M: Mesial, D: Distal

B C i
MB p
P
0

Fig. 6. 3D image analysis of left maxillary 2nd primary molar using 3D CT data, in 3-Matics software. (A) Reconstructed 2nd
primary molar and pulp with palatal root, (B) Root canal volume and surface area, (C) Volume ratio (root canal / root).
MB: Mesiobuccal, DB: Distobuccal, P: Palatal

A MB
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M Og|d X|Z2-K|4 HE HHE SHSIASMH, ICC (Intraclass 4ol 22 JHX|= H|IE(153%)0] §A ©ZF K20 2749 &
Correlation Coefficient)Z =2HQI8} AL} 2 7K = H[2(04%) 2Lt =ACHTable 1)
Table 20| M= 22 SRt e F 4o K74 X2 2
m o+ A FYo Oi¥gd & HoF ot &% H1g7Xt &%
H2aTA X2 28 S&9| Cohen's kappa coefficients= 2t
1. RARKF L 2K 2} 0632, 06392 LIEFLLY,
Table 1. Number of roots and root canals in maxillary primary molars
— e of ot crd o
root 3 4 (M) 4(D) 4(B) 4(P) N (%)
2 202 (41.1) 3 (0.6) 1(0.2) 0 0 206 (41.9)
Prm);ry 3 277 (56.3) 8 (1.6) 0 0 0 285 (57.9)
15t Molar 4 0 0 0 1(02) 0 1(02)
Total 479 (97.4) 11 (2.2) 1(0.2) 1(0.2) 0 492 (100)
2 61 (12.0) 30 (5.9 1(0.2) 0 0 92 (18.0)
Prm);ry 3 324 (63.5) 78 (15.3) 2 (04) 0 0 404 (79.2)
ond Molar 4 0 0 0 0 14 27) 14 27)
Total 385 (75.5) 108 (21.2) 3 (0.6) 0 14 (2.7) 510 (100)

M: Mesial, D: Distal, B: Buccal, P: Palatal
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Table 2. Distribution and symmetry of root and root canal types in maxillary primary molars

Right
N (%) Total Kc
2R/3C  2R/AC (M) 2R/4C (D)  3R/3C  3R/4C (M) 4R/AC (B) 4R/AC (P)
2R/3C 83(933)  1(1.1) 100 4 (45) 0 0 - 89 (100)
My, 2R/AC (M) 0 0 0 1(100) 0 0 - 1 (100)

Primary Left 2R/AC(D)  1(100) 0 0 0 0 0 - 1000

Tst N 3R/3C 10 (7.5) 0 0 2101 108 0 - 132(100)

Molar 3R/AC (M) 0 0 0 4 (80) 1(20) 0 - 5 (100)
4R/AC (B) 0 0 0 1(100) 0 0 - 1 (100)

2R/3C 23 (82.1) 0 136  3(107) 0 - 1(36) 28 (100)

M. 2RAC (M) 1(7.1) 0 11 (78.6) 0 2 (14.3) - 0 14 (100)

Primary  Left 3R/3C 7 (4.5) 0 1(06) 140 (897) 6 (38) - 2(13) 1560100 o

2nd N 3R/4C (M) 0 1 (50) 0 0 1 (50) - 0 2 (100)

Molar 3R/AC (D) 0 0 126) 8Q11) 29(763) - 0 38 (100)

4R/4C (P) 0 0 1(143) 2 (286) 0 - 4(57.1)  7(100)
M: Mesial, D: Distal, B: Buccal, P: Palatal, Kc: Cohen'’s kappa coefficient
3. X|21F 22te] "l X|22| O|7f2tE, X2t 229 25° M W{F:22° FIF: 3.0°, €2 K|OF YolM= 7S
210| 9l 274o| CHH HEf K2o o|7f Zt= 7k 7b A3, AN HE, 2 WS K2 =N
2 LIEFSCHTable 3).

X|2at 22 HEfo] F2 Ao M1RTFX|oAME RMeo| & Lol &Y M2atklel X2 Zo|7t &t H1FTAof H]
0l EJQEIS”AI'_, A M7 Al SMYO| o O] 2EE|ALCE o ZAoHEZN HEZ: 1.0 mm, ¥4 1.0 mm, 2SS 11
SKHE2 & M2R7Xel 24 "@E X[2at #IHE XZ20|M mm), 22| 20| Est 42 X2F+XoAM S = 17T
| Y ChTable 3). Klo| 2 Zolof b3} LAHEA B 12 mm, €A H=:
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Table 3. The shape of roots and root canals, angulation and length of roots and root canals of maxillary primary molars

Curvature of Root
Total N (%)

Root Angulation

Root

Root Length Root Canal Length

Straight ~ Curved  S-shaped  Total (Mearg)t D (Me?:mi) D (Me::mi; D p
Mx. MB 61 (61.6) 8 (384) 0 9 (100) 1057 £ 14 7602 64 102
Primary DB 43 (76.8) 13 (23.2) 0 56 (100) 1098 + 1.7 <0.001 65 +04 <0.001 54 +04 <0.001
Ist Molar p 64 (64.6) 5(354) 0 9 (100) 1159 + 1.6 8002 6.8 £ 0.2
Total 168 86 0 254
Mx. MB 35(327) 70(654) 2(19) 107 (100) 1082 + 1.2 8.6+ 0.3 76 +03
Primary DB 30 (36.1) 53 (63.9) 0 83 (100) 1120+ 16 <0001 75+03 <0.001 6.3 +03 <0.001
2nd Molar p 37 (343) 64(593) 765 108 (100) 1189 + 1.6 91+02 8.0+02
Total 102 187 9 298

One-way ANOVA, p values from Scheffe test
MB: Mesiobuccal, DB: Distobuccal, P; Palatal, SD: Standard deviation
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Table 4. Cross-sectional shapes of root canals at different root levels in maxillary primary molars

Root canal outlines at different root levels

Total N (%)

Cervical Middle Apex
Root Total
R ] F-0O R 0 F-O R 0 F-0O
Mx. MB 882 65(663) 25(255) 9092 72735 17(173) 14(143) 76 (776) 8(8.2) 8 (100)
Primary DB 18 (32.1) 36 (64.3) 2 (3.6) 32 (57.1) 3(41.1) 1(1.8) 5(625) 21 (375) 0 56 (100)
1st p 7(123) 44 (772) 6(105 20(351) 34(596) 3(53) 4 (59.6) 23 (404) 0 57 (100)
Molar pp.p 0 25(61)  16(39) 104  19(463) 12(293) 10( ) 26(634) 5(122)  41(100)
Total 33 170 49 71 148 33 93 146 13 252
MB 4 (3.7) 36 (33.6) 67 (62.6) 4(3.7) 49 (458) 54 (50.5) 15(14) 69 (64.5) 23 (21.5) 107 (100)
Mx. MP 0 1 (100) 0 1 (100) 0 0 1 (100) 0 0 1 (100)
Primary DB 30 (36.1) 44 (53) 9(10.8) 52 (62.7) 27 (32.5) 4 (4.8) 64 (77.1) 17 (20.5) 2 (24) 83 (100)
2nd Molar P 15(181) 59 (71.1)  9(10.8) 35(42.2) 45 (54.2) 3(36) 57 (68.7) 24 (28.9) 2 (24) 83 (100)
DB+P 0 2 (83) 22 (91.7) 0 13 (54.2) 11 (45.8) 14.2) 18 (75) 5 (20.8) 24 (100)
Total 49 142 107 92 134 72 138 128 32 298
MB: Mesiobuccal, MP: Additional palatal root, DB: Distobuccal, P: Palatal, +: Fusion, R: Round, O: Ovoid, F-O: Flat oval
Table 5. Consistency of cross-sectional shapes of root canal at dif- 4, X2 K== 80|, X|2 K| 5HA X|2-X|= ]

ferent root levels in maxillary primary molars

Root Consistent Inconsistent
MB 67 31
Mx. Primary DB 37 19
1st Molar p 26 31
DB+P 20 21

Total 150 (59.5%) 102 (40.5%)
MB 53 54
o MP 0 1
e ST S
P 35 48
DB+P 6 18

Total 136 (45.6%) 162 (54.4%)

MB: Mesiobuccal, MP: Additional palatal root, DB: Distobuccal, P: Palatal,
+: Fusion
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Table 6. The morphometric 3D data in roots of maxillary primary molars

Root Canal Volume

Root Canal Surface area

Root Canal / Root Volume

Root ; )
(Mean + SD, mm°) p (Mean + SD, mm") P (Mean + SD, %) p
Mx. MB 22 +£09° 136 + 36° 6.6 +0.9°
Primary DB 10 £ 06° <0.001 75+ 26° <0.001 6.1+09° <0.001
1st Molar p 42 + 1.1° 212138 98 + 08"
Mx. MB 34+ 10 197 + 42 6307
Primary DB 25+ 08 <0.001 153 + 3.1 <0.001 54+14 <0.001
2nd Molar p 85 +27 367 + 85" 105 + 1.6°
One-way ANOVA, p values from Scheffe test
Different letters in each column indicate significant differences (p < 0.05)
MB: Mesiobuccal, DB: Distobuccal, P: Palatal, SD: Standard deviation
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