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Table 1: FEIRARFS X OMEIRARE O3 FHICBET 20980 —&

Structure

Method

Classification

Figure

Reference

Root

Root
canal
Root

Root

Root
canal

Root
canal

Root
canal

Root
canal

Transverse
sectioning

Visual
inspection

Transverse
sectioning

Histology

Transverse
sectioning

X-ray
imaging

Fused side: ++ = deep concave groove, + = shallow concave
groove, + = flat, - = convex; Unfused side: U = inverted Q, U =
U-shaped, V = V-shaped, - = flat

1 = three canals, 2 = C-shaped dotted canal, 3 = C-shaped lined
canal, 4 = circle

1 = deep and wide groove on lingual side with a concavity or
groove on buccal side, both continuing to root apex; 2 = as type
1, but having sharp root apex; 3 = deep and wide groove on
lingual side, continuing to root apex; 4 = deep and wide groove
on lingual side, slightly C-shaped at root apex; 5 = deep groove
on lingual side, slightly C-shaped at root apex; 6 = shallow
groove on lingual side, continuing to apical area, sharp root
apex; 7 = shallow groove on lingual side continues to less than
1/2 of root length, fused root apex; 8 = no groove, completely
fused; 9 = shallow groove on lingual and buccal side, lingual
groove deeper than buccal, fused root apex; 10 = deep groove
on lingual and buccal side, fused root apex; 11 = shallow groove
on lingual and buccal side, fused root apex; 12 = shallow groove
on lingual side, deep and wide groove on buccal side continuing
to root apex; 13 = shallow groove on lingual side, deep and wide
groove on buccal side, sharp root apex; 14 = groove on buccal
side, fused root apex.

1 = none of the grooves are extremely pronounced, 2 = one or
two of the grooves are extremely pronounced, 3 = tooth with
supernumerary radicular structure

1 = one primary main canal, 2A = one C-shaped main canal, 2B =
two secondary main canals, 2C = three secondary main canals,
2AC = one secondary main canal and a combined canal, 3 =
primary/secondary main canal and a supernumerary canal

| = continuously C-shaped canal (i.e., C-shaped canal outline
without separation), Il = semicolon-shaped canal, Ill = tooth has
two or more discrete canals

C1 =root canal in the form of an uninterrupted C, C2 = root
canal semicolon-shaped, with angle a smaller and angle {3 larger
than 60°, C3 = root canal in the form of separate canals, with
angles a and 3 smaller than 60°, C4 = a single round or oval root
canal, C5 = absence of a root canal lumen

| = canals merge into one major canal before exiting at the
apical foramen, a partial dentine fusion area may appear in the
coronal and/or middle portion of the canal system; Il = separate
mesial and distal canal located at the mesial distal part of root,
symmetry of the mesial and distal canal is present along the
longitudinal axis of the root from a bucco-lingual view; Il =
separate mesial and distal canal are evident, distal canal may
have a large isthmus across the furcation area from a
bucco-lingual view, which commonly results in mesial and distal
canal being asymmetrical

Fig. 3A

Fig. 3A

Fig. 3B

Fig. 3C

Fig. 2F

Fig.

4A-E

Fig. 6B

Fukuya
(1976)

Kotoku
(1985)

Carlsen
(1990)

Melton et
al. (1991)

Fan et al.
(2004a)

Fan et al.
(2007)



Table 2: FlIRHR IS K OMBIRIRE (2 DV TO NS RE S A
(CBCT = cone-beam computed tomography, CT = computed tomography, mand. =

mandibular, max. = maxillary, n/a = not available, uCT = micro-computed tomography.)

Tooth Method Ethnic N C-shaped C-shaped C-shaped C-shaped Reference
used to group or root: root: root root
identify nationality absolute relative canal: canal:
shape frequency frequency absolute relative
frequency frequency
Max. lateral pCT Chinese 11 - - 3 27.27% Gu 2011
incisor
Max. first Sections n/a 106 - - 15 14.15% Baisden et
premolar al. 1992
Max. first Clearing Chinese 305 1 0.33% 0 0.00% Yang et al.
molar 1988a
X-ray Belgian 2,175 2 0.09% 2 0.09% Moor 2002
Max. second Clearing Chinese 309 14 4.53% 15 4.85% Yang et al.
molar 1988a
Sections Danish 104 - - 24 and 35 23.08% Carlsen et al.
and 1992
33.65%
Max. third Clearing USA 150 - - 7 4.67% Sidow et al.
molar 2000
Mand. first ~ Sections Chinese 82 - - 15 18.29% Lu et al.
premolar 2006
Clearing Indians 100 - - 1 1.00% Velmurugan
and Sandhya
2008
Sections n/a 112 - - 12 10.71% Sikri and
Sikri 1994
uCT Chinese 148 29 19.6% Gu et al.
2013
Mand. first ~ CBCT Brazilian 234 - - 4 1.70% Silva et al.
molar 2013
Sections Malay, 241 1 0.41% Nie et al.
Chinese, or 2013
others
Mand. CBCT Brazilian 226 - - 8 3.50% Silva et al.
second 2013
molar
Cleaning Burmese 134 30 22.39% - - Gulabivala
etal. 2001
Clearing Chinese 581 183 31.50% 77 13.25% Yang et al.
1988b
Clearing Chinese 155 30 19.35% - - Rou et al.
1994
Clearing Chinese 80 39 48.75% 22 27.50% Thong and
Kasim 1995
CBCT Chinese 157 46 29.30% - - Zhang et al.
2011
CBCT Chinese 528 - - 204 38.64% Zheng et al.
2011
Clearing Indians 78 9 11.54% 4 5.13% Thong and

2



Clearing
Clearing
Root shape

Clearing
Clearing

Sections
X-ray
X-ray
Clearing
X-ray
Clearing

Clearing
Clearing

Clearing
Cleaning
Spiral CT

Clearing

X-ray

X-ray
X-ray
Sections
Sections

Root shape
CBCT

Extraction

Indians
Iranian

Japanese
Japanese
Jordanian

Koreans
Koreans
Lebanese
Malay

Saudi
Arabian
Sri Lankan

Sri Lankan
Sri Lankan

Sudanese
Thai
Turkish

Mixed
(Asian,
Caucasian,
Indians,
other)
Mixed
(Asian,
Hispanic,
African-
American,
Asian-
American)
Greek

Israeli
Japanese
Japanese

Japanese
Koreans

USA

345
139
2,922

32
355

96

272

94

308

151

100

312
240

100

60

491

149

811

480

541

135

391

357
220

75

26

821

37

18

10

40

39

124

107

7.54%

28.10%
18.75%
10.42%

17.53%

6.00%

5.77%

10.00%

10.00%

7.39%

28.89%

31.71%

29.97%

30

87

18

31

16

10

40

19

62

22

98

7.19%

9.37%

31.25%

31.98%

19.15%

10.06%

10.60%

2.00%

1.92%
2.92%

10.00%

8.15%

12.75%

7.64%

4.58%

44.55%

2.67%

Kasim 1995
Neelakantan
et al. 2010a
Rahimi et al.
2008

Kotoku 1985
Peiris 2008
Al-Qudah
and
Awawdeh
2009

Seo and Park
2004

Seo and Park
2004
Haddad et
al. 1999
Thong and
Kasim 1995
Al-Fouzan
2002

Peiris et al.
2007

Peiris 2008
Peiris et al.
2008
Ahmed et al.
2007
Gulabivala
et al. 2002
Cimilli et al.
2005
Manning
1990b

Weine et al.
1998

Lambrianidis
et al. 2001
Tamse and
Kaffe 1981
Nakayama
1941
Nakayama
1941

Fukuya 1976
Jinetal.
2006

Weine et al.
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Mand. third
molar

Sections

Sections

CBCT

Systematic
review
Clearing
Root

Clearing

Root shape
Root shape

Clearing

n/a
Malay,
Chinese, or

others
Turkish

Iranian
Chinese
Japanese
Thai

Japanese
Japanese

USA

112

241

271

1062

243

247

173

613
100

150

13

30

19

65
10

5.35%

12.15%

10.98%

10.60%
10.00%

14

24

74

12.50%

3.32%

8.9%

6.96

4.00%

1988
Sutalo et al.
1998

Nie et al.
2013

Helvacioglu-
Yigit and
Sinanoglu
2013

Naseri et al.
2013

Rou et al.
1994
lwakura
1972
Gulabivala
et al. 2002
Fukuya 1976
Nakayama
1941

Sidow et al.
2000



Table 3: FfIRARFS X OMEIRARE 12 BT~ 2 JE B3RS

(F = female, M = male, mand. = mandibular, max. = maxillary, n/a = not available.)

Tooth Ethnic Age Sex Reference
group

Max. lateral incisor n/a 11 Boveda et al. 1999
n/a 12 Steffen and Splieth 2005

Max. first molar Caucasian 11 Dankner et al. 1990
Caucasian 17 Moor 2002
Caucasian 28 Yilmaz et al. 2006
Caucasian 44 Moor 2002
Caucasian 21 Moor 2002
Caucasian 26 Moor 2002
Caucasian 37 Newton and McDonald 1984
n/a 42 Kottoor et al. 2011
n/a 39 Martins et al. 2013
n/a 67 Martins et al. 2013

Max. second molar Caucasian 32 Fava et al. 2000
n/a 36 Singla et al. 2010

Max. third molar Caucasian 35 Keinan et al. 2009

Mand. first incisor n/a 13 Hintze 2006

Mand. lateral incisor n/a 30 Chaniotis et al. 2008

Mand. second premolar East Indian 15 Cleghorn et al. 2006

Mand. first molar Caucasian 25 Rice and Gilbert 1987

Barnett 1986
Bolger and Schindler 1988

Caucasian 32
Caucasian 50

Mand. second molar n/a 19 Ravichandra and Harikumar 2010
n/a 19 Ravichandra and Harikumar 2010
n/a 23 Ravichandra and Harikumar 2010
n/a 23 Ravichandra and Harikumar 2010
n/a 25 Ricucci et al. 1996
n/a 26 Lynn 2006
n/a 27 Krishan and Aggarwal 2011
Caucasian 32 Fava et al. 2000
n/a 32 Benenati 2004
n/a 36 Grocholewicz et al. 2009
n/a 38 Bogaerts 1997
n/a 23 Ricucci et al. 1996
n/a 41 Ricucci et al. 1996
n/a 52 Walid 2000
n/a 59 Grocholewicz et al. 2009
n/a 33 Kadam and Ataide 2013
n/a 26 Kadam and Ataide 2013

Max. primary second molar n/a 40 Ballal et al. 2006
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