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Abstract 
Background: There is paucity of literature on the determination of the root 
canal length of Bantu subjects in dental professional practicing in Africa and 
Democratic Republic of Congo in particular. Aims: The aim of the present 
study was to determine the root canal length of teeth of Bantu patients ex-
tracts attending the Teaching Hospital of Kinshasa University. Methods and 
Material: Prospective cross-sectional study was carried out in the service of 
Conservative Dentistry. The patients suffering with pulpitis of permanent 
teeth which were selected for root canal treatment during the period of Janu-
ary 2014 to December 2016 were included. All patients whose main root can-
als were inaccessible, teeth carrying prosthesis, teeth with large coronal decay, 
teeth having periapical periodontitis, supernumerary teeth, wisdom and pri-
mary teeth were excluded. Results: The upper canines presented some signif-
icant longer canals compared to the lower canine (23.4 ± 2.3 mm and 21.6 ± 
1.8 mm). Palatal canals of the first and second molar were respectively longer 
as compared to the superior teeth canals (21.5 ± 1 mm, 21.3 ± 2 mm). The 
distal canals of the first and second molar were the longest in the mandibular 
arch respectively measuring 20.7 ± 2.0 mm and 21.5 ± 1.7 mm. Conclusion: 
Data obtained from Bantu patients show slightly shorter roots compared to 
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some European populations, but longer than some Asian populations. 
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1. Introduction 

Endodontics is the discipline regarding prevention, diagnosis and treatment of 
diseases of the pulp and periapical area. It demands from the practitioner, a near 
perfect mastery not only of the root morphology of the teeth, but also by per-
fecting knowledge of the number of roots of each tooth of a dental arch, spatial 
orientation and moreover their respective lengths. Recognition on the number 
and Sharpe of canals per tooth, the precise determination of root canal length and 
the technical skills of the practitioner complete these requirements needed [1] [2]. 

The majority of studies in literature has been reported estimation of root canal 
length mentioned in the subjects of Caucasian origin [3] [4] [5] [6] or Asian ori-
gin which stated by an anthropologist that taller individual generally has longer 
teeth than shorter individuals and later studies concluded that the teeth of Cau-
casians are longer than these of Asians population. These values are presently 
regarded as reference standards. Therefore, dental professional practice in Africa 
in general and the DR. Congo in particular refer indiscriminately to this tradi-
tional root length of Caucasian or Asian origin which can introduce clinical er-
rors in managing patients. Hence this study was carried out to determine the 
root canal length of people of Bantu origin consulting in the Teaching Hospital 
of Kinshasa University. 

1.1. Methods 

A Prospective cross-sectional study of Bantu subjects aged from 18 to 45 years 
who were admitted in Service of Conservative Dentistry, suffering from pulpitis 
with their permanent teeth and subjected to root canal treatment, during the pe-
riod from January 2013 to December 2015. 

Excluded in the study are patients whose main dental canals were inaccessible 
to apical constriction, with teeth bearing prosthetic crowns or having coronary 
reconstructions, teeth with gross caries with total crown destruction, abrasions, 
wisdom teeth, temporary, ectopic and supernumerary teeth, and teeth with pe-
riapical lesions. 

After the establishment of a sterile operative field, local anesthesia was admi-
nistered and an access cavity into the pulp chamber was made with a cylindrical 
or cylindro-conical bur mounted on a turbine. The localization of the pulp ori-
fice and canal catheterization was based on the original root canal length esti-
mated using a preliminary periapical x-ray. A K-type file place into the root can-
al which was also used to estimate the working length with a confirmatory x-ray. 
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The choice of the endodontic instrument was done according to its diameter 
(the sufficiently fine) and that of the canals which can penetrate without dis-
lodging on the canal wall in and which can adhere to the apical constriction. 
Cameral trepanation (entry into the pulp orifice) was made by means of the cy-
lindrical probe mounted on a turbine in case of voluminous pulp in case of 
chamber pulpal calcification; trepanation was done using a drill mounted on 
steel ball using round bur and a slow speed contra-angle hand piece. The estima-
tion of the original length was based on the basis of the prior radiography by 
subtracting 2 mm from the image. The canal length was estimated using of a fine 
file to an estimated depth that was radiopaque, placing a rubber stop in contact 
with the incisal edge or occlusal surface as a reference point used as an indicator 
making sure that the desired length is reached. 

When the measurement of the exact length of the canal on a radiograph is 
achieved, 4 situations can be revealed: 1) the file is located exactly at the apex or 
with some few millimeters from the apex, 2) the file is several millimeters away 
from the apex, and the length of the file on the radiographic image corresponds 
to the actual length, in which case the stop was moved to a few millimeters cor-
responding to the missing length, 3) the file exceeds the apex and the length of 
the file on the radiographic image is adjusted to the actual length, then the 
placement of the rubber stop was adjusted corresponding to the excess length, 
and 4) if the tip of the file was farther away from the apex and the image is elon-
gated, a simple rule of three will be used to calculate a corrected estimate length. 

1.2. Statistics 

The data were first collected on a data capture sheet, then codified, in Microsoft 
Excel 2010 and analyzed using SPSS to estimate the average canal lengths for 
each type of teeth. The student t test, the test of turkey and ANOVA were used 
to compare values found. 

2. Results 

The study includes 720 subjects; 480 (66%) were female and 240 (34%) were 
male (Figure 1). A total of 818 teeth were examined with 1539 root canals. The 
upper central incisor and the lower first molar predominated respectively in the 
maxilla and the mandible regions (Table 1). 

The upper canines are anterior teeth having a large root canal length followed 
by upper central incisors with 23.4 ± 2.3 mm and 21.8 ± 1.6 mm’ instead respec-
tively (Table 2). Palatal canals of the first and second molar were the longest 
compared to the Mesio-Vestibular and disto-buccal canals of the first and 
second upper molars with 21.5 ± 1 mm, 21.3 ± 2 mm, and 19.8 ± 2 mm, 19.0 ± 2 
mm and 20.0 ± 2 mm, 19.0 ± 2 mm as well as the vestibular and Palatal Canals of 
first and second upper Premolars which has 20.9 ± 1 mm, 19.9 ± 1 and 20.4 ± 1 
mm, 19.4 ± 1.6 (Table 3). 

The canals of mandibular canines are the longest followed by those of the lat-
eral incisors which represented 21.6 ± 1.8 mm and 20.0 ± 1.4 mm (Table 4). The  
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Figure 1. Distribution of workforce by gender. 

 
Table 1. Number of teeth measured. 

 
Maxillary arch 

(number of canals) 
Mandibular arch 

(number of canals) 

Central Incisors 163 (163) 19 (19) 

Lateral Incisors 56 (56) 8 (8) 

Canines 22 (22) 5 (5) 

First premolars 116 (232) 24 (24) 

Second Premolars 135 (270) 35 (35) 

Firsts molars 74 (222) 109 (327) 

Second molars 13 (39) 39 (117) 

Total 579 (1004) 239 (535) 

 
Table 2. The root canal length of the anterior upper teeth according to their typology. 

Length 
(mm) 

central incisor 
Types of teeth 
lateral incisor 

Canine 

Mean ± SD 21.8 ± 1.6 21.3 ± 2.0 23.4 ± 2.3 

Median 22 21 23 

Mode 21 21 23 

minima 17 16 18 

maxima 27 25 26 

 
distal canal of the first and second molar was the longest of the mandibular teeth 
measuring 20.7 ± 2.0 and 21.5 ± 1.7 mm respectively (Table 5). The second low-
er premolars (21.8 ± 1.9 mm) and the distal canal of the second lower molars 
(21.5 ± 1.7 mm) presented with the longest roots (Table 5). 

3. Discussion 

This study was carried out as an assessment of the root canal length of Bantu pa-
tients attending the Teaching Hospital of Kinshasa University in the DRC Con-
go. A total of 1539 root canals were included with different types of teeth and 
mostly in mandibular teeth. The sampling demonstrated an unequal distribution  

Male
34%

Female
66%

Gender  of patients
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Table 3. Root canal length of the Posterior Upper teeth depending on their location of the canal. 

Root canal 
length 
(mm) 

First premolars 
Second  
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First molars Second molars 

ve
st

ib
ul

ar
  

C
an

al
 

pa
la

ta
l 

 
C

an
al

 

ve
st

ib
ul

ar
  

C
an

al
 

pa
la

ta
l 

 
C

an
al

 

M
V

C
 

D
V

C
 

pa
la

ta
l 

 
C

an
al

 

M
V

C
 

D
V

C
 

Pa
la

ta
l 

C
an

al
 

Mean ± SD 

 

Median 

Mode 

Minima 

Maxima 

20.9 ± 1.7 

 

21.0 

21.0 

17.0 

26.0 

19.9 ± 1.7 

 

20.0 

20.0 

16.0 

25.0 

20.4 ± 1.6 

 

20.0 

20.0 

16.0 

24.0 

19.4 ± 1.6 

 

19.0 

18.0 

16.0 

23.0 

19.8 ± 2.2 

 

20.0 

22.0 

15.0 

24.0 

19.0 ± 2.0 

 

19.0 

19.0 

15.0 

23.0 

21.5 ± 1.9 

 

22.0 

21.0 

17.0 

26.0 

20.0 ± 2.4 

 

19.0 

19.0 

15.0 

24.0 

19.2 ± 2.0 

 

9.0 

19.0 

15.0 

23.0 

21.3 ± 2.4 

 

21.0 

20.0 

17.0 

26.0 

MPC: Mesio-palatal canal; DVC: Disto-vestibular canal; SD: standard deviation. 

 
Table 4. Root length anterior lower teeth. 

Length (mm) Central Incisor Lateral Incisor Canine 

Mean ± SD 

Mode 

minima 

maxima 

18.8 ± 1.9 

18.0 

15.0 

22.0 

20.0 ± 1.4 

20.0 

18.0 

22.0 

21.6 ± 1.8 

21.0 

20.0 

24.0 

 
Table 5. Root canal length of posterior lower teeth. 

Length 
(mm) 
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Mean ± SD 

Médiane 

Mode 

Minima 

Maxima 

21.0 ± 2.2 

21.0 

21.0 

15.0 

25.0 

21.8 ± 1.9 

22.0 

22.0 

18.0 

25.0 

19.6 ± 2.0 

20.0 

20.0 

15.0 

23.5 

19.1 ± 1.8 

19.0 

19.0 

15.0 

23.0 

20.7 ± 2.0 

21.0 

20.0 

16.0 

25.0 

20.2 ± 2.0 

20.0 

20.0 

15.0 

24.0 

19.3 ± 1.7 

20.0 

20.0 

16.0 

23.0 

21.5 ± 1.7 

22,0 

21,0 

17,0 

24,0 

 
in the selected number of teeth due to the fact that only teeth which are predis-
posing to dental caries were mostly selected. For this reason, this sample could 
not gather a significant number of lower lateral incisors and canines. This is sim-
ilar to other studies that reported that lower incisors and canines are least sus-
ceptible to decay [7] [8]. But the first lower molar is the most representative 
tooth in the mandible as reported by some studies [9]. On the contrary, the cen-
tral incisors are the most representative tooth in the maxilla and this probably 
reflects the importance that commitment of all patients for the aesthetics aspects. 
The upper central incisors are the most susceptible anterior teeth due to its 
prominence and in sufficient exposure to the buffering action of saliva, making 
it carries prone. In addition, fracture can result also in pulp damage, even with-
out fracture of dental tissues. 
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Currently, the reports on the determination of root canal length are based on 
the conventional methods such as the radiography and the apex locators. The 
present study was based on radiography together with tactile sensation from a 
reamer inserted into the root canals. It is established that, the radiography can 
change the dimension of the canal by projection errors [10] [11]. To avoid such 
changes in this study, periapical radiographs were taken with the reamer placed 
in the anatomical apex respect in such a way that it does not always coincide 
with the radiographic apex [12] [13]. This is why teeth with periapical lesions 
were excluded from this study. In the literature, there is still discussion on the 
optimal technique of measuring root canal length. Nevertheless, many authors 
prefer X-rays and tactile sense possible to locate the apical constriction or root 
canal length accurately [14] [15]. On the other hand, Pratten and McDonald [16] 
suggested that the true apex can be determined using a calibrated apex locator 
even where radiography and tactile determination are lacking. This corroborates 
with the study of Mutu Shanmugaraji et al. 2007 [17] indicating that the fifth- 
generation apex locator showed the highest accuracy and the highest reliability 
(86.7%) compared to the radiograph (76.6%) and tactile sensation (33.3%). In 
addition, Bogaert and Van Nieuwenhuysen [18] pointed out that apex locators 
should be used in confirmation of the prior radiography and the results of elec-
tronic measurement are still subject to interpretation or no method is absolutely 
reliable. Thereafter, Mutu Shanmungaraj [17] recognizes that the exact length of 
the canal location can be determined by histological methods. While Kim et al. 
2005 [6] believe that the most reliable way to determine the root canal length is 
only when the measurement is done on an extracted tooth. Lonzano et al. 2001 
[19] did not find any differences between conventional radiography, digital ra-
diography and the apex locator as to find the precise root canal length. 

In a comparative study of the root canal length of each type of teeth, Kim et al. 
[6] found that Caucasians have longer teeth than those of Asians with a differ-
ence between 0 to 2.5 millimeters. The present study showed that Bantu (Black 
African of Kinshasa) with some exceptions, have longer teeth than the Asian and 
shorter than that of Caucasians. Reporting results of detailed comparison be-
tween Bantu people and other people s for each type of root canal are indis-
pensable, as it is necessary for several clinical applications and will be discussed 
in a subsequent study. But, in the meaning of the present study shows data on 
root canal lengths obtained from Caucasians should be corrected when using for 
root can therapy (RCT) in Bantu patients. It will be very important that tactile 
estimation be used in the measurement of root canal length as it reflects the ac-
tual canal length since root canal length varies in different races. Since this is a 
preliminary study, another study should be carried out in any each ethnicities of 
democratic Republic of Congo and other African ethnicities and results com-
pared, thus may be limit of the present work. 

4. Conclusion 

The average canal lengths estimated for the Central and lateral incisors and ca-
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nines were respectively 21.8 mm; 21.2 mm; 23.4 mm in the maxilla compared to 
18.8 mm; 20.0 mm and 21.6 mm in the mandible. In the posterior region, the 
length of the upper and lower root canals varies between 19.0 and 21.5 millime-
ters. Some Root canal length teeth of Bantu are different with those of Asian and 
of Caucasians, this should be observed in endodontic treatment of patients of 
this ethnic background. 
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