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Use of artificial primary teeth for
endodontic laboratory research:
experiments related to canal length
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Abstract

Background: Due to the scarcity of exfoliated/extracted human primary teeth with complete roots, artificial teeth
were developed as an alternative to be used for educational and laboratory research purposes. This study aimed to
assess the feasibility of using artificial primary teeth for conducting laboratory research through an experiment
related to canal length determination, comparing artificial teeth with natural teeth.

Methods: Thirty anterior and 21 posterior artificial teeth, and the same number of natural primary teeth were
selected. After preparing the access cavity, the root canal length was determined by two examiners twice using
three different methods: radiography and two electronic apex locators. Then, the actual root canal length was
measured by inserting a K-file up to the apical foramen (reference standard). Accuracy was calculated using Bland-
Altman analysis and intraclass correlation coefficient (ICC). The inter- and intra-examiner reproducibility was also
calculated using the ICC.

Results: The methods using the electronic apex locators showed better accuracy in both artificial and natural teeth.
Trends observed with artificial primary teeth were similar to those observed with natural teeth, except for the
results in artificial anterior teeth.

Conclusions: The model of artificial teeth might be a good alternative for educational purposes; however,
improvements are necessary to employ these teeth for research purposes when considering experiments for canal
length determination.
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Background
The maintenance of primary teeth until the period of ex-
foliation is a major goal of pediatric dentistry, since they
have a fundamental role in aesthetics, phonetics, func-
tion and in guiding permanent succedaneous teeth [1].
In some situations, such as trauma and extensive carious
lesions, endodontic treatment is the best choice for pres-
ervation of teeth [2].

However, root canal treatment in primary teeth is
technique sensitive, involving different steps that are
complex and critical to the success of the procedures
[3]. There are two major anatomical concerns that dif-
ferentiate the treatment in teeth from that in permanent
teeth. First, it is more difficult to establish the correct
working length using radiographic methods due to the
pattern of dental rhizolysis bevel [4, 5]. In addition, root
canal preparation of this apical area must be extremely
conservative, so as not to place the crown of the per-
manent successor tooth at risk. Therefore, laboratory re-
search is warranted to investigate possible improvements
in the technique of endodontic treatment in primary
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teeth, and to standardize the techniques used [6–8].
Nevertheless, for this type of research, there is an inher-
ent difficulty in obtaining natural primary teeth with
complete roots due to the physiological process of root
resorption of these teeth.
Because of this fact, and to facilitate and improve teach-

ing and laboratory training regarding endodontic treat-
ment of primary teeth, artificial resin teeth have been
developed to simulate the characteristics and structures of
a natural tooth. These artificial teeth can also be used in
endodontic research, replacing natural teeth. However, the
feasibility of using these teeth for in vitro endodontic re-
search and preclinical training needs to be evaluated.
Therefore, the present study aimed to evaluate the

performance of artificial primary teeth for research pur-
poses and the feasibility of their use, by comparing their
results with results obtained with natural primary teeth,
through an experiment investigating the accuracy of
methods for determination of root canal length.

Methods
Description of artificial teeth
Artificial primary teeth (IM do Brasil Ltda., São Paulo,
Brazil) were developed primarily with the objective of
aiding undergraduate students in the training of end-
odontic treatment in primary teeth (patent pending with
INPI/Brazil, register number PI 11001631–7).
The artificial teeth are made with synthetic resin, com-

prising intact crown and roots that simulate upper pri-
mary incisors, canines, and upper and lower 2nd molars.
Briefly, these teeth are manufactured using elastomer
molds that are filled with a synthetic resin, forming two
halves of the tooth. Then, the artificial pulp canals are
filled with wax to simulate the pulp chamber and root
canal content, and the parts are joined. They have

external and internal anatomy similar to that of natural
primary teeth, and present similar radiopacity, allowing
the use of radiographic techniques (Fig. 1). Root resorp-
tion, however, is not simulated in the artificial teeth; they
present entire roots.

Ethical considerations and specimens preparation
This study was approved by the Local Ethics in Research
Committee. Thirty natural primary incisors and 21 pri-
mary molars (78 root canals) were obtained, with root
resorption of less than two-thirds of the total root length
and no signs of internal or advanced external resorption
in the furcation area. Those specimens were donated by
the bank of teeth of University of São Paulo. The teeth
were extracted as part of standard care, mainly for
orthodontic reasons, and the children’s guardians do-
nated them for the bank of teeth after signing a consent
that they would be used for research purposes. The do-
nation of the dental elements for our research was ap-
proved by the ethics in research committee. After the
selection of the natural teeth, the same number of artifi-
cial teeth was selected (30 incisors and 21 primary mo-
lars with 63 root canals).
Preliminary periapical radiographs of each tooth were

acquired to evaluate root canal anatomy and to verify
the presence of morphological alterations. Then, the
pulp chambers were accessed using a round bur in a
high-speed handpiece, complemented with an Endo-Z
bur (Dentsply Maillefer, Ballaigues, Switzerland). The
root canals entrances were identified at the floor of the
pulp chamber using an exploratory straight end probe.
Radicular pulp tissue or wax was removed by inserting

and oscillating a No. #10 K-file (Dentsply Maillefer,
Switzerland) to a point close to the apex. The canals were
then irrigated with 1% sodium hypochlorite and dried

Fig. 1 Visual and radiographic aspects of examples of artificial anterior (a) and posterior (c) primary teeth compared with natural anterior (b) and
posterior (d) primary teeth

Mello-Moura et al. BMC Oral Health  (2017) 17:131 Page 2 of 8



using aspiration needles. No root canal preparation was
performed prior to the determination of root canal length.

Methods for root canal length determination
Three different methods were tested in the present
study: a conventional radiographic method and two
methods using two different electronic apex locators.
For the radiographic method, a 70 kV, 8 mA X-ray de-
vice (Trophy Radiologie, Vincennes, France) with 0.4 s
exposure time was used. Each tooth was fixed to an
UltraSpeed D film (Eastman Kodak, Rochester, NY,
USA) with sticky wax and then positioned perpendicular
to the long axis of the tube, respecting a standardized
distance of 15 cm. After film development in a dental
film processor (A/T 2000; Air Techniques, Hicksville,
NY, USA), root canal length was measured with a trans-
parent plastic ruler (0.5 mm accuracy) at 2×
magnification.
For the electronic methods, the measurements were

carried out using two different electronic apex locator
devices: Root ZX II (J. Morita Corp, Tokyo, Japan) and
Mini Apex (SybronEndo, Orange, USA). The root por-
tion of the teeth was embedded in floral foam impreg-
nated with 0.9% sodium chloride solution [9] placed in
individual plastic recipients (2.5 cm in diameter and
3.5 cm in height). The labial clip was also inserted in the
foam prior to the assessment. The diameter of the end-
odontic file was chosen according to the canal size.
Then, the root canal was moistened with 1% sodium
hypochlorite and the selected K-file (Dentsply Maillefer,
Baillaigues, Switzerland), attached to the file holder, was
inserted into the root canal until the word ‘apex’ was vis-
ible on the display. The reading had to be stable for at
least 5 s to determine the length. Once the reading was
stable, the silicone stop was positioned and the root
canal length was recorded using a 0.5-mm precision
endodontic ruler.
Two operators conducted all methods twice with a 1-

week interval between measurements.

Reference standard method
For the reference standard method, a K-file (Dentsply
Maillefer, Switzerland) with a silicone stop was inserted
into the root canal until its tip was visible at either the
apical foramen or the apical resorption bevel. Then, a
different examiner made the assessments aided by a
loupe (2× magnification). The silicone stop was placed
at the coronal reference, and the file was laid against a
metallic endodontic ruler of 0.5 mm precision to deter-
mine the root canal length.

Statistical analysis
All analyses were performed separately for anterior and
posterior primary teeth. Inter- and intraexaminer

agreement was evaluated using the intraclass correlation
coefficient (ICC) and respective 95% confidence intervals
(95%CI). The second assessment made by each examiner
was used to calculate the intraexaminer reliability. For
the subsequent analysis, we only considered the first
evaluations of one examiner, since both examiners
reached similar findings in their assessments.
To evaluate the validity of the methods, the results ob-

tained with each method were compared with the actual
root canal length obtained using the reference standard.
First, the validity was calculated through Bland-Altman ana-
lysis, which permitted evaluation of systematic differences
and the 95% limits of agreement between the values ob-
tained with each method and the actual root canal length.
Absolute differences between the root canal length ob-

tained with the three methods and that obtained with
the reference standard were calculated. We carried out
the Anderson-Darling test to check the normality, and
Levene test to evaluate the homogeneity of variances of
these values. As the differences between the values ob-
tained using the reference standard method and those
obtained using the three methods were not normally
and homogeneously distributed, they were compared
using the Friedman test.
All analyses were performed using appropriate statistical

software (MedCalc 12.1.4.0, MedCalc Software bvba, Ost-
end, Belgium). The level of significance was set at p < 0.05.

Results
Regarding the intra-examiner reproducibility, we ob-
served that all methods presented high ICC values in an-
terior and posterior using both natural or artificial
primary teeth, with values higher than 0.78 for all
methods. For interexaminer reliability, ICC values were
slightly lower; however, all methods achieved values
higher than 0.7. We considered that all methods reached
a good consistency for both groups of teeth (Tables 1
and 2). However, regarding the inter-examiner reliability,
there was a trend of lower values obtained in artificial
anterior teeth, mainly for Root ZX (Table 1).
Considering the anterior teeth, with the Bland-Altman

analysis, we observed that the use of the electronic apex
locators devices resulted in a better correspondence with
the actual root canal length obtained by the reference
standard method for both natural and artificial teeth,
since the range between the 95% limits of agreement
was narrower than those for the other methods (Table 3).
This trend was similar between the groups of teeth, al-
though the radiographic method presented wider ranges,
indicating inferior accuracy values compared with the
electronic apex locators. The differences between the ac-
tual length and the measures obtained by the methods
showed values lower than 1.0 mm with all methods.
Considering ICC values, however, the performance of
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both electronic apex locators used in the present study
was significantly lower in the artificial teeth than in the
natural anterior primary teeth (Table 3).
Regarding the posterior primary molars, the same

trends were observed for both types of teeth (Table 4).
The electronic apex locators presented superior accuracy
than the radiographic method. The differences between
the actual length values and the values obtained through
all methods were lower than 2.0 mm for all methods,
but this difference was very small for the electronic apex
locator devices (up to 0.4 mm). The differences between

the results in artificial and natural teeth were more pro-
nounced for the radiographic method.
The only method that showed an overestimation of

canal lengths (values higher than actual lengths) for both
anterior and posterior primary teeth was the radio-
graphic method. This result was observed for both nat-
ural and artificial teeth (Tables 3 and 4). The other
methods presented lower values than the measure ob-
tained with the reference standard. Considering the ICC
values, it was observed that the measurements made in
the artificial anterior and posterior teeth using the

Table 1 Inter- and intra-examiner reproducibility for natural and artificial anterior teeth among the methods used for canal length
determination through Intraclass Correlation Coefficient calculation

Methods for
canal length
determination

Intraexaminer reliability Interexaminer reliability

Examiner 1 Examiner 2 1st evaluation 2nd evaluation

ICC (95% CI) ICC (95% CI) ICC (95% CI) ICC (95% CI)

Natural anterior teeth (n = 30)

Radiographic 0.983
(0.966 to 0.992)

0.993
(0.986 to 0.997)

0.921
(0.839 to 0.962)

0.923
(0.832 to 0.964)

Mini Apex 0.974
(0.945 to 0.987)

0.992
(0.983 to 0.996)

0.909
(0.818 to 0.956)

0.943
(0.884 to 0.972)

Root ZX 0.994
(0.987 to 0.997)

0.988
(0.973 to 0.995)

0.959
(0.916 to 0.980)

0.959
(0.916 to 0.980)

Artificial anterior teeth (n = 30)

Radiographic 0.982
(0.958 to 0.992)

0.968
(0.934 to 0.985)

0.939
(0.729 to 0.979)

0.960
(0.838 to 0.985)

Mini Apex 0.789
(0.603 to 0.894)

0.949
(0.895 to 0.975)

0.870
(0.746 to 0.935)

0.809
(0.637 to 0.905)

Root ZX 0.895
(0.791 to 0.949)

0.947
(0.891 to 0.974)

0.760
(0.557 to 0.878)

0.709
(0.475 to 0.850)

ICC Intraclass correlation coefficients, 95% CI 95% confidence intervals

Table 2 Inter- and intra-examiner reproducibility for natural and artificial posterior teeth among the methods used for canal length
determination through Intraclass Correlation Coefficient calculation

Methods for
root length
determination

Intraexaminer reliability Interexaminer reliability

Examiner 1 Examiner 2 1st evaluation 2nd evaluation

ICC (95% CI) ICC (95% CI) ICC (95% CI) ICC (95% CI)

Natural posterior teeth (n = 78 canals in 21 teeth)

Radiographic 0.980
(0.968 to 0.987)

0.966
(0.947 to 0.978)

0.978
(0.956 to 0.988)

0.982
(0.970 to 0.989)

Mini Apex 0.984
(0.976 to 0.990)

0.995
(0.991 to 0.997)

0.933
(0.896 to 0.957)

0.936
(0.902 to 0.959)

Root ZX 0.986
(0.979 to 0.991)

0.992
(0.986 to 0.995)

0.949
(0.921 to 0.967)

0.933
(0.897 to 0.957)

Artificial posterior teeth (n = 63 canals in 21 teeth)

Radiographic 0.976
(0.960 to 0.985)

0.983
(0.970 to 0.990)

0.912
(0.858 to 0.946)

0.929
(0.885 to 0.956)

Mini Apex 0.988
(0.981 to 0.993)

0.994
(0.991 to 0.997)

0.971
(0.952 to 0.982)

0.963
(0.939 to 0.977)

Root ZX 0.993
(0.988 to 0.996)

0.997
(0.994 to 0.998)

0.959
(0.933 to 0.975)

0.959
(0.932 to 0.976)

ICC Intraclass correlation coefficients, 95% CI 95% confidence intervals
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radiographic examination presented great variability,
since the 95% CI values were very large (Tables 3 and 4).
Considering the absolute differences from the actual

root canal length, in both artificial and natural anterior
teeth, the median of differences obtained with all methods
were up to 1.0 mm, and there were no differences among
the methods. On the other hand, for posterior teeth, the
radiographic method presented significant greater differ-
ences compared with the electronic apex locator methods,
for both natural and artificial teeth (Fig. 2).

Discussion
In contrast to endodontic treatment in permanent teeth,
root canal treatment in primary teeth presents some

problems that must be addressed in order to optimize
treatment success rates [6–8]. This optimization can be
developed through laboratory research, which aims to
improve the quality of the different treatment steps.
However, since extracted or exfoliated primary teeth
usually present a great extension of root resorption due
to physiological or pathological processes, sample collec-
tion for this type of research is laborious. The same diffi-
culty occurs in collecting teeth for training and
educational purposes.
For those reasons, development of artificial primary

teeth would be useful. The artificial teeth used in the
present study show an acceptable similarity with natural
ones, and have been used for training and teaching of

Table 3 Accuracy of the methods used for canal length determination through Intraclass Correlation Coefficient calculation and
Bland-Altman analysis for natural and artificial anterior teeth

Methods for
canal length
determination

ICC (95% CI) Bland-Altman analysis

Mean difference Upper limit Lower limit

Natural anterior teeth (n = 30)

Radiographic 0.882
(0.695 to 0.949)

−0.52 1.20 −2.23

Mini Apex 0.962
(0.914 to 0.983)

0.22 1.20 −0.77

Root ZX 0.945
(0.749 to 0.981)

0.42 1.42 −0.58

Artificial anterior teeth (n = 30)

Radiographic 0.518
(−0.038 to 0.792)

−0.87 0.72 −2.45

Mini Apex 0.644
(0.031 to 0.863)

0.66 1.90 −0.58

Root ZX 0.617
(0.267 to 0.810)

0.43 1.86 −0.99

ICC Intraclass correlation coefficients, 95% CI 95% confidence intervals

Table 4 Accuracy of the methods used for canal length determination through Intraclass Correlation Coefficient calculation and
Bland-Altman analysis for natural and artificial posterior teeth

Methods for
canal length
determination

ICC (95% CI) Bland-Altman analysis

Mean difference Upper limit Lower limit

Natural posterior teeth (n = 78 canals in 21 teeth)

Radiographic 0.685
(0.545 to 0.787)

−0.40 2.90 −3.70

Mini Apex 0.941
(0.907 to 0.962)

0.18 1.54 −1.19

Root ZX 0.958
(0.935 to 0.973)

0.14 1.33 −1.05

Artificial posterior teeth (n = 63 canals in 21 teeth)

Radiographic 0.625
(−0.037 to 0.853)

−1.70 1.00 −4.40

Mini Apex 0.959
(0.914 to 0.978)

0.29 1.45 −0.88

Root ZX 0.947
(0.855 to 0.975)

0.40 1.64 −0.85

ICC Intraclass correlation coefficients, 95% CI 95% confidence intervals
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undergraduate and graduate students in our dental
school. The teeth present similar external and internal
anatomy, and also exhibit radiopacity comparable to nat-
ural primary teeth. Nevertheless, the effectiveness of this
procedure in improving students’ skills in the endodon-
tic treatment of primary teeth has not been tested yet.
A recently published study [10] with permanent teeth

compared preclinical training in natural and artificial
teeth regarding students’ performance. The authors ob-
served the training using artificial permanent teeth was
suitable in preparing students for endodontic treatment.
Similar studies with artificial primary teeth should be
also performed.
However, the interest of the present investigation was

to test artificial teeth for research purposes, more specif-
ically, in an experiment for canal length determination.
It is still unclear if this similarity would be adequate also
for research purposes. To the best of our knowledge, no
previous studies have tested the utilization of artificial
primary teeth as substitutes for natural primary teeth.

With regard to the performance of the methods for
canal length determination tested in the present
study, earlier studies confirmed better accuracy of
electronic apex locators for determining root canal
length compared with other methods [4, 11–13]. The
findings of this study corroborate the better perform-
ance found in previous studies for the two different
brands of these devices. Because the accuracy of elec-
tronic apex locators is influenced by moisture content
in root canals and the diameter of the apical foramen,
these devices were initially thought to be useless for
primary teeth. Some studies reported the critical
diameter of the apical foramen for accurate measure-
ments ranges from 0.20 to 0.62 mm [14, 15]. In
addition, many studies concluded that electronic apex
locators do not give precise results in permanent
teeth with open apices [14–16]. However, in more re-
cent studies evaluating whether root resorption of pri-
mary molars affects the precision of electronic apex
locators, [17, 18], it was demonstrated that the

Fig. 2 Box-and-Whisker plots of absolute difference between the actual length and those obtained by the methods of root canal length
determination (mm). Asterisks represent that the method presented statistical significant difference (p < 0.05 though Friedman test) from other
methods considering the same group of teeth
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accuracy of the device is good even when this physio-
logic event is present.
Still, the most used technique in daily clinical practice is

the radiographic method. This method, however, was the
least precise technique evaluated. These results might be
related to the way the measurements are made using the
imaging methods. The trend in overestimating the actual
canal length observed with this method could be due to dif-
ficulty in determining the correct position of the apex,
mainly because of the physiological resorption process. For
imaging methods, root length determination is obtained
linearly, whereas for electronic methods, a flexible file is
inserted into the root canal. Since the file can curve accord-
ing the shape of the root canal, the measure obtained can
approximate the actual length much more accurately. This
fact might also explain why the imaging methods usually
performed better for anterior teeth in our study.
Despite the worst performance obtained with the

radiographic method in the present study, the reproduci-
bility and accuracy obtained with this method were still
good. Radiography allows clinicians accessible, cost-
effective, and relatively good image resolution; it con-
tinues to be of value in endodontic therapy. Moreover, a
systematic review on the accuracy of electronic apex lo-
cators compared to radiographic methods, to determine
root canal length of permanent teeth, show that clinic-
ally significant differences between the methods are
small [13]. Thus, radiographies are still useful for correct
diagnosis and treatment planning regarding endodontic
therapy of primary teeth. In daily clinical practice, used
to determine the working canal length. However, caution
should be taken to avoid repetition of radiographies due
to the hazards of ionizing radiation. Moreover, further
clinical studies should be conducted to investigate the
performance of the radiographic method in determining
root canal length under more realistic conditions.
Considering the main objective of the study, the

comparison between results obtained with artificial
and natural primary teeth, in general, similar tenden-
cies for both types of teeth were observed. Neverthe-
less, some points should be noted. For anterior
primary teeth, for example, the precision obtained
with all methods was lower in the assessments made
in the artificial sample. Even with the electronic
methods, lower values of reliability were obtained in
the artificial anterior teeth.
Another possible explanation for the differences ob-

served could be related to the differences in the apical
region of the teeth. As previously mentioned, artificial
teeth present entire roots, with no simulation of physio-
logical root resorption that occurs in natural primary
teeth. Although previous studies reported that root re-
sorption exerts little influence on the accuracy of the
methods for canal length determination [4, 17, 18], these

differences could explain the differences observed in the
present study.
Furthermore, the variability of measurements made with

the radiographic method was more noticeable in the artifi-
cial teeth, since a wide extension of confidence intervals
was observed in both anterior and posterior teeth. Al-
though artificial teeth have the same root length, they
present many internal anatomical differences, probably
due to the variability in the manufacturing process. An-
other possible explanation for the inconsistency in results
of the radiographic method could be differences related to
the radiopacity of the artificial teeth.
Previous studies tested another potential method for la-

boratory research, namely simulated canals [19, 20]. Never-
theless, this model does not recreate the complex anatomy
of pulp chambers and root canals. Artificial teeth, such as
those used in the present study, could be a better alternative
for educational and research purposes, since they are pur-
chased ready for use. However, due to the findings obtained
in the present study, although this model has good potential,
some improvements are needed, at least for research pur-
pose regarding experiments of canal length determination.
Moreover, further studies to investigate other steps of end-
odontic treatment of primary teeth, such as instrumentation
and canal filling, should be conducted using artificial teeth,
in order to evaluate the feasibility of their use.

Conclusions
Artificial primary teeth are similar to natural primary
teeth, and experiments on canal length determination
could be carried out using this model. However, because
of the variability of the results obtained, and some differ-
ences observed, the extrapolation of the findings of the
present study is limited; hence, it is possible to conclude
that artificial primary teeth will need improvements in
order to be employed as substitutes for natural primary
teeth in endodontic laboratory research.
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