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Abstract
Objective: To assess the apical transportation in simulated root canals with different curvature angles prepared 
using manual instrumentation and rotary and reciprocating motions. Methods: Sixty simulated root canals 
were prepared using manual instrumentation (Flexofile K-file) (MT), continuous rotation (HyFlex CM) (HF), 
and reciprocating motion (WaveOne Gold) (WG). A trained operator prepared the canals, and the apical 
enlargement was standardized up to a #25 file in all systems tested. Two different curvature angles of the 
simulated root canals were tested: 70° and 50°. Overlapping photographs of the simulated root canals, before 
and after root canal preparation, were used to measure the apical transportation (mm), using the ImageJ 
software. Descriptive statistics (mean and standard deviation) were analyzed and the groups were compared 
with two-way ANOVA followed by Tukey’s post-hoc, with α=5%. Results: There was a statistically significant 
interaction between the effects of group and angle in the apical transportation (F = 3.740; p = 0.031). Simple 
main effects analysis showed that HyFlex CM produced a significantly lower apical transportation when 
compared to WaveOne Gold (p = 0.02) and the manual technique (p < 0.01), regardless of the angle. 
However, there were no differences between WaveOne Gold and manual technique in canals with the 
70° angle (p>0.05). The group with the highest mean apical transportation was the MT, with 0.0917 mm, 
followed by WG and HF, with 0.0633 and 0.0325, respectively. Conclusion: Simulated root canals prepared 
with rotary motion (HyFlex CM) showed the lowest apical transportation, followed by the reciprocating 
motion (WaveOne Gold). The manual technique showed the most unfavorable results, with the highest apical 
transportation.
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Introduction

Root canal preparation is one of the most 
difficult and important stages of treatment, which 
if well executed results in the mechanical removal 
of microorganisms by cutting out the infected 
dentin1,2. The influence of these procedures on 
root anatomy however may result in deformities3 
such as changes in working length, formation of 
ledges. Apical transportation due to changes in 
angle of curvature are also mentioned as some 
of the potential unfavorable consequences of 
instrumentation, which may interfere in the 
treatment outcome4,5.

The constant search for better performance 
related to root canal preparation is encouraged 
by the difficulty of obtaining a hermetic and 
three-dimensional sealing of irregularly shaped 
root canals6,7. In addition, some areas of these 
canals may be over instrumented at the expense 
of a healthy dentin wear, reducing root fracture 
strength5.

The need to clean and shape the root canals 
without changing their original configuration 
involves the challenge of selecting appropriate 
endodontic instruments8. Several systems have 
been developed to achieve a more effective and 
fast root canal preparation, preserving the 
original endodontic anatomy. Recently, HyFlex 
CM (Coltene, Allstetten, Sweden) and WaveOne 
Gold (Dentsply/Maillefer, Tulsa, USA) systems 
have been introduced in the dental market.

HyFlex CM instruments - manufactured from 
the CMWire alloy (Coltene, Allstetten, Sweden) 
- were developed for use in continuous rotation 
kinematics; the lower amount of nickel in the 
alloy ensure super elasticity and high resistance 
to cyclic fatigue to the file, increasing its ability to 
accompany the anatomy of the canal and reducing 
the risk of transportation9,10. The WaveOne Gold 
system was developed for reciprocating motion, 
with a counterclockwise cut11. Its two sharp 
edges and the modification of the alloy through 
repeated heating and cooling provide the file with 
greater flexibility and thus greater preservation 
of anatomy12.

Due to the possible drawbacks of a root canal 
transportation, several methodologies have been 

developed to assess the performance of different 
systems. The literature supports the idea that 
analyzing variations in root canal curvature after 
instrumentation is a reliable method to evaluate 
the tendency of the preparation to maintain 
(or not) the original anatomy of the canal13. 
The present study aimed to assess the apical 
transportation in simulated root canals prepared 
with manual instrumentation and HyFlex CM 
(HF) and WaveOne Gold (WG) systems.

Materials and methods

This study was submitted and approved by 
the Science and Ethics Commission of the School 
of Health and Life Sciences (Sipesq #7790) 
Pontifical Catholic University of Rio Grande 
do Sul – PUCRS. Sixty L-shaped simulated 
root canals (Dentsply/Maillefer, Tulsa, USA) 
measuring approximately 16 mm of length 
were classified in 70° and 50° curvature angles 
according to Schneider (1971)14 (Figure 1). They 
were previously instrumented with a #10 and a 
#15 K-file (Dentsply/Maillefer, Oklahoma, USA) 
in the entire working length (WL) and randomly 
divided into 3 groups (Table 1). A retention 
platform was used to fix a photographic camera 
(Canon EOS 50D, Canon Incorporated, Tokyo, 
Japan) so to obtain pre- and post-instrumentation 
pictures in the same position.

Figure 1 –	 Angle classification according to Schneider (1971). 
The upper image illustrates de 50° angle and the 
lower image illustrates de 70° angle.
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Table 1 –		 Group distribution according to the root canal 
preparation technique

GROUP TOTAL (N) INSTRUMENT MOTION

1 20 FlexoFile MT

2 20 WaveOne Gold RM

3 20 HyFlex CM CR

MT: manual technique; RM: reciprocating motion; CR: continuous rotation.

	
One single trained operator prepared the 

simulated canals. The WG and HF groups were 
prepared using the VDW motor (VDW Silver, 
VDW, Munich, Germany) adjusted to the motion 
recommended by the manufacturer. In order 
to compare the groups, the preparation was 
performed up to #25 file (Table 2). The mechanized 
instruments were used in progressive up and down 
motions up to three times, including irrigation 
and the introduction of a #15 file, and using up to 
three canals. The canals were irrigated with 2 mL 
of 2% sodium hypochlorite (Iodontec Indústria e 
Comércio de Produtos Odontológicos Ltda., Porto 
Alegre, Brazil), aspirated, and flooded again in 
each instrument use.

Table 2 – Technical sequence according to group.

GROUP TECHNICAL SEQUENCE

Manual Technique group – MT Crown-down technique up to 
#25 FAI

WaveOne Gold group – WG Primary instrument #25 in all WL

HyFlex group – HF 20.04, 20.06, and 25.06 in all WL

FAI: final apical instrument. WL: working lenght.

The photographs were grouped in pre- and 
post-preparation for analysis in the ImageJ 
software. A blinded and trained observer 
measured both original and prepared canals at 
two different times to prevent errors. The images 
were zoomed in for a better visualization. Using 
the “freehand lines” tool, a point was marked 
0.5 mm away from the foramen, in the center of 
the canal. The images were overlapped and the 
distance between the center of pre- and post-
preparation points was measured (Figure 2). All 
the data were forwarded to Excel software.

Figure 2 –	 Overlapping of pre- and post-preparation pictures. 
Apical magnification (detail) showing the pre (left 
spot) and post (right spot) preparation points. The 
linear distance between these points allowed 
measuring the apical transportation (mm).

All the data were analyzed by IBM SPSS 
Statistics, version 19 (SPSS China, Shanghai, 
China). The apical transportation measurements 
(in mm) were initially analyzed descriptively, 
calculating the means and standard deviations 
in each group. The Kolmogorov-Smirnov test 
was used to verify the normal distribution of the 
samples. The comparison of means between groups 
was performed with two-way ANOVA, followed by 
Tukey post-hoc to identify the differences. The 
level of significance was set at 5%.

Results

The root canal preparations showed the 
formation of a ledge in two samples of the 
manual technique (MT) group and the fracture 
of instruments in two samples of the WaveGold 
(WG) group. These events hindered the evaluation 
of the outcome (apical transportation), leading to 
the exclusion of these four samples for analysis 
purposes.

There was a statistically significant 
interaction between the effects of group and angle 
in the apical transportation (F = 3.740; p = 0.031). 
Simple main effects analysis showed that HyFlex 
CM (HF) produced a significantly lower apical 
transportation when compared to WaveOne Gold 
(p = 0.02) and the manual technique (p < 0.01), 
regardless of the angle. However, there were 
no differences between WaveOne Gold and the 
manual technique in canals with the 70° angle 
(p>0.05). The group with the highest mean 
apical transportation was MT, with 0.0917 mm, 
followed by WG and HF, with 0.0633 and 0.0325, 
respectively, as described in Table 3.
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Table 3 –		 Overall means, standard deviations, and maximum 
and minimum values ​​of apical transportation (mm) 
in the different groups

Manual 
technique

(n=18)

WaveOne 
Gold

(n=18)

HyFlex 
CM

(n=20)

Mean 0.0917 a 0.0633 b 0.0325 c

Standard Deviation 0.0391 0.0249 0.0193

Min 0.02 0.03 0.01

Max 0.15 0.11 0.05

P value = .001

Two-way ANOVA, Tukey’s post-hoc; α = 5%; letters indicate statistically 
significant differences between groups.

Discussion

The final configuration of the root canal after 
shaping procedures tends to a greater wear on 
the external wall of apical curvatures and the 
inner wall of the most coronal ones15. Great 
changes from the original axis may lead to 
perforations, weakening of the dental structure, 
and difficulty in obtaining a hermetic and three-
dimensional sealing of the root canal system6,7. 
The apical transportation is one of the most 
commonly used parameters to investigate the 
ability of endodontic instruments to preserve the 
canal geometry. Under a clinical perspective, it is 
suggested that an apical transportation greater 
than 0.3 mm is sufficient to affect negatively the 
treatment prognosis5,16.

The present study evaluated 60 resin 
blocks of simulated canals with two different 
initial curvature angles (50 and 70°), randomly 
distributed between the experimental groups. 
This randomization led to an unequal sample 
size between the groups, resulting in seven 
samples with 70° and 13 samples with 50° in 
the HF group and 10 samples each in the WG 
and MT groups. However, considering the 
statistical tests confirmed the normality of data 
distribution and consequent homogeneity of the 
study, this factor should not be considered as a 
selection bias. Simulated root canals in resin 
blocks present relatively standard shape, size, 
and taper. In addition, they are easily obtained, 
enabling a sample size that would require time 
and ethical procedures if it were composed of 
extracted human teeth17. Although the use of 
simulated canals does not reliably reflect the 

action of instruments on dentin walls, its use in 
research is justified by the simplicity and utility 
of the method18.

Previous investigations reported that the 
mechanized root canal preparation promotes 
less apical transportation19. The results ​​obtained 
in the present study corroborate the literature, 
considering the manual technique group presented 
significantly higher transportation means when 
compared to the other groups. These values ​​may 
be explained by the instrumentation technique 
used or by the design of the instruments selected20. 
The ledge formation in two of the samples from 
this same group is potentially associated with 
preparation by stainless steel files21.

The HyFlex CM and WaveOne Gold systems 
were selected based on factors that make them 
unique, such alloys composition, manufacture, 
and motion applied. As far as we know, there are 
no previous studies evaluating the occurrence of 
apical transportation when comparing the systems 
tested in the present methodology. The HyFlex 
CM system instruments showed more favorable 
results in terms of apical transportation22-24. The 
improved performance of the HyFlex CM system 
is attributed to the greater flexibility provided 
to their instruments by the CMWire alloy 23, 24. 
Although the HyFlex CM system showed lower 
means of apical transportation even in the 
samples with 70° of curvature, the deviation 
did not stop occurring. Thus, present findings 
suggest that the apical transportation inevitably 
occurs during the preparation of extremely 
curved canals, regardless of the technique.

The greater flexibility of WaveOne Gold 
instruments provides a more centered and 
conservative preparation, causing a lower level of 
wear25. However, these findings disagree with the 
results of the present study, especially in samples 
with more pronounced curvatures. In addition, 
one of the major complications during root canal 
preparation is the fracture of the instrument, 
which may result from cyclical fatigue or 
torsion26. In this experiment, two instruments 
of the WaveOne Gold system fractured during 
its second use. It should be considered, however, 
that the manufacturer recommends the single 
use of the instrument.
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Both curvatures tested in the present study 
are classified as severe, and the curvature of 70° 
is more pronounced14. When comparing only the 
means of apical transportation of both curvatures, 
higher values ​​were found in the curvatures 
of 70°, except in the manual technique group. 
These results may be explained by the loss of two 
samples due to root canal deviation and apical 
blockage, which contributed to reduce the mean 
apical transportation measured in the remaining 
samples of the manual group.

Although presenting longer working time, 
considering it is composed of a greater sequence of 
instruments than the WaveOne Gold system, the 
HyFlex CM was the safest system. Even though 
there were statistically significant differences 
between the groups tested, the results of the 
present study are debatable under a clinical 
perspective, because simulated resin block 
canals tend to suffer about twice as much wear 
when compared to human teeth27. In addition, 
the influence of the type of motion applied should 
be further studied to clarify which factor related 
to kinematics or the features of the instrument is 
in fact decisive in the final quality of root canal 
shaping.

Additional studies are required to test the 
present hypothesis on extracted human teeth 
so to assess whether more favorable results 
are obtained due to the motion used in the 
preparation or to specific characteristics of the 
system, such as the type of alloy or the cross-
section configuration of the file.

Conclusion

Under the conditions of the present study, 
simulated root canals prepared with rotary 
motion (HyFlex CM) showed the lowest apical 
transportation, followed by the reciprocating 
motion (WaveOne Gold). The manual technique 
showed the most unfavorable results, with the 
highest apical transportation.
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Resumo
Objetivo: avaliar o transporte apical em canais 
radiculares simulados com diferentes ângulos de 
curvatura preparados por meio de instrumentação 
manual e dos movimentos rotativo e reciprocante. 
Métodos: sessenta canais simulados foram prepa-
rados usando instrumentação manual (Flexofile K-
-file) (MT), rotação contínua (HyFlex CM) (HF) e 
movimento reciprocante (WaveOne Gold) (WG). 
O preparo do canal radicular foi realizado por 
um operador treinado, e o alargamento apical foi 
padronizado até o instrumento #25 em todos os 
sistemas testados. Dois diferentes ângulos de cur-
vatura dos canais simulados foram testados: 70° 
e 50°. Fotografias sobrepostas dos canais simula-
dos, antes e após o preparo do canal radicular, 
foram utilizadas para medir o transporte apical 
(mm), utilizando o software ImageJ. Estatísticas 
descritivas (média e desvio padrão) foram analisa-
das e as comparações entre os grupos foram rea-
lizadas através de ANOVA de duas vias, seguido 
por post-hoc de Tukey, com α=5%. Resultados: 
houve interação estatisticamente significativa en-
tre os efeitos do grupo e do ângulo no transporte 
apical (F = 3,740; p = 0,031). A análise simples 
dos efeitos principais mostrou que o sistema Hy-
Flex CM produziu um transporte apical significa-
tivamente menor quando comparado ao sistema 
WaveOne Gold (p = 0,02) e à Técnica Manual (p 
<0,01), independentemente do ângulo. No entan-
to, não houve diferenças entre o WaveOne Gold e 
a Técnica Manual em canais com ângulo de 70 ° 
(p> 0,05). O grupo que apresentou maior trans-
porte apical médio foi o MT, com 0,0917 mm, se-
guido pelo WG e pela HF, com 0,0633 e 0,0325, 
respectivamente. Conclusão: canais radiculares 
simulados preparados com movimento rotatório 
(HyFlex CM) mostraram o menor transporte api-
cal, seguido de movimento reciprocante (WaveO-
ne Gold). A técnica manual revelou os resultados 
mais desfavoráveis, com maior transporte apical. 

Palavras-chave: preparo do canal radicular. Trans-
porte apical. Rotação. Reciprocante.
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