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A morphological study of the root canal system in the gutter-shaped mandibular second

molars of a Japanese population.
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Abstract

A gutter-shaped root in the mandibular second molar is found around 30% in a

Japanese population and is more prevalent in Japanese than in Europeans and Africans. A

gutter-shaped root is referred as a C-shaped root based on its cross-sectional figure. C-shaped

roots display incomplete root fusion, and the extent of fusion leads to a variety of morphological

variations in the root canal system. A C-shaped root makes it difficult to clean and fill the root

canal, and therefore, it is important to understand the characteristics of individual variation in

the root canal system for the endodontic treatment. The occlusal plane is standard for the

computed tomography (CT) imaging; however, the mandibular second molar is inclined

mesiolingually. Endodontic treatment entails imaging of the cross-sections that intersect the

major axis of the pulp cavity morphology of each tooth. In order to determine the morphology of

the pulp cavity for treatment, correction of the coordinate axes of the images that intersect the

major axis of the tooth is critical.

The purposes of this study were as follows: (1) calculate the angle between the major

axis of the mandibular second molar and multi-detector row CT (MDCT) imaging plane, and

compare the root canal morphology and number of root canals before and after correction of the

coordinate axes; (2) observe the continuous cross-section of the pulp cavity using by MDCT

images from the pulp chamber floor to the root apex in the mandibular second molars with



C-shaped root.

The images of 579 patients (age: 2029 years, 281 males and 298 females) who were

imaged with a MDCT scanner at the hospital attached to the Nihon University School of

Dentistry for maxillofacial examination were used. A C-shaped root was defined as fusion of

three-quarters or more of the root length. But a complete root fusion was not considered as a

C-shaped root.

The kappa values for pulp cavity morphology and number of root canals for each of the

cross-sections both before and after correction showed a tendency to be lower for the crown

cross-section of the pulpal floor than the root in both males and females. Before correction, the

root length was shorter in females than in males; however, there was no difference between the

sexes after correction. The angle required for the correction was larger in females than in males.

Since there were few cases in which the root canal morphology and number of root canals did

not correspond even when corrections were not made, it was possible to use the uncorrected

images in clinical settings. However, when teeth display severe inclination vis-a-vis the base

plane, correction of the coordinate axes is required.

Among the 281 male patients, 103 (36.7%) had C-shaped roots on either the right or

left side, or both sides. Among the 298 female patients, 161 (54.0%) had C-shaped roots on

either the right side or left side or both. C-shaped roots were more frequently found in females



than males (p<0.01).

Analysis of the pulp cavity morphology indicated that in the cross-section

corresponding to the pulpal floor was most frequently found C-shaped (males, 63.0%; females,

70.6%). C-shaped was common (males, 37.0%; females, 41.2%) in the cross-section of crown

third; but also found many cases in which the pulp cavity was divided into two (males, 28.4%;

females, 27.2%).The two divided pulp cavities were frequently found in the cross-section of half

of the root length (males, 33.3%; females, 36.0%); however, pulp cavities divided into three and

C-shaped were also observed. Pulp cavities divided into two were most commonly observed in

the cross-section of apical third. Single root canal was most common in areas near the pulpal

floor. However, as the cross-sections approach the root apex, a higher number of root canals

were observed. The results of this study indicate that morphological variations are observed in

the C-shaped root canal system of mandibular second molars in a Japanese population, and

this is useful for future root canal treatment strategies.
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Fig. 4 MDCT FEifg CBIEZE ST 4 S OWr i CORRARE Dk & 72342 —

Case 1:A1B1C1D1 (Wrii A - D £T 1 tR%)

Case 2:A1B1C1D1 (Wrin A - D £T 1 tR%)
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IFEHTEOIRE T RE T -T2,

Case 3 : A1B2C2D2 (Wi A Tix 1 R4, Wi B - D £T 2 1R%)
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Table 1 WA, B, Ci2B1) Hkappafi

RETHE

RAEEL

A B C

A B C

P 0.80 0.84 0.92

0.81 0.81 0.96

Bl
%

P 0.55 0.79 0.84

0.59 0.80 0.94
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Table 2 JEEEIFHIERTHE DO HRIRE (mm)

Mean SD
Bk B 11.2 2.0 -
(n=82 t% 129 1.4 E *
ek Fi 10.2 1.5 *
(n=134) #%  12.8 1.5 ]

* 1 p<0.01 GHEDHLRE)
* 1 p<0.01 (tIR7E)



Table 3 JEFE# 4 IEIZTEL 7=/ (°)

Mean SD
B (n=82) 26.2 15.9
2Pk (n=134)  35.0 11.9

* 1 p<0.01 tFE)

IE
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Table 4 T7HH ~ KREIHOMWRDIZHE

FEABOWREREOMAEhE n (%) n (%)

Fi R AR R AR 63 (22.4)

R AR 24 40 (14.6) 103 (36.7)
Bt 248 248 177 (63.0)

1R 218 1 (0.3

it 281 (100.0)

R PR AR i PRAR 127 (42.6)

Fi PR AR 24 34 (11.4) 161 (54.0
ok 24R 24 137 (46.0)

R 24R 0 (0.0

it 298 (100.0)

* 1 p<0.01 (I A i iE)
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Table 6 {233 1T HERIAR DIR S H

REHK Bk ek
A B C D n n (%) n (%) n n (%) n (%)
11 1 1 15 27
11 1 2 0 16(19.9 3 30(22.1)
11 1 3 1 0
AIB1 1 1 2 1 0 31 (38.3) 4 57 (41.9)
11 2 2 12 123149 20 25(18.4)
11 2 3 0 1
1 1 3 3 3 3 (3.7) 2  2(15)
1 2 1 1 1 1(1.2) 4 4(3.0)
1 2 2 1 3 7
1 2 2 2 11 14173 17 25(18.4)
A1B2 L 2 2 3 0 18 (22.2) 1 32 (23.5)
1 2 3 2 1 1
1 2 3 3 2 3.7 2 3.2
1 3 1 1 0 0 (0.0) 1 10.7
1 3 3 1 0 1
A1B3 1 3 3 2 0 2 (2.5 225 3 6(4.4) 76.1)
1 3 3 3 2 2
2 2 2 1 0 6
2 2 2 2 17 19(23.5) 22 28 (20.6)
A2B2 2 2 2 3 2 22 (27.2) 0 32 (23.5)
2 2 3 2 0 2
5 2 3 3 3 3(3.7) 5 4 (2.9)
2 3 3 2 2 4
A2B3 2 3 3 3 3 6 (7.4) 6 (7.4) 2 644 6 (4.4
2 3 3 4 1 0
3 3 2 1 0 0 (0.0) 1 1 (0.7)
A3B3 3 3 3 3 2 2 (2.5) 2 2.5 1 1 (0.7) 215
ait 81 81 (100.0) 81 (100.0) 136 136 (100.0) 136 (100.0)

A1B1: WA CIZ R, WrinB CIL R
A1B2: Wil A CIZ TR, Wrii B ClI2RE

A1B3: WrimAT
A2B2: WriHAT

IUVRE, WrmBT
J2HR, WrmB ClI2MR e

T3MRE

A2B3: WA I3, Wi B CILstRE
A3B3: Wi A CIL3IRE, Wrii B CIL3tRE

{
!
/
{
{
!

FRDEDHZRRELT,
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