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ABSTRACT

Objective: The purpose of the present in vitro study was to evaluate the efficiency of three different instruments in the root canals 
of artificial primary molars as well as the quality of the fillings. Methods: Sixty artificial primary molars were divided into three groups 
of 20 teeth. Each group was submitted to a different technique: Group 1 - conventional manual technique using Kerr files; Group 
2 - manual technique with nickel-titanium files; Group 3 - NiTi rotary technique. The root canals were filled with calcium hydroxide 
paste. Aspects such as homogeneity of the fillings, taper and flowability of the preparations were considered comparatively to assess 
the quality of the instrumentations. The non-parametric Kruskal-Wallis and Mann-Whitney tests were used to compare the efficiency 
of the preparation of the root canal considering the preparation times of them. Results: All three techniques were equally effective 
at shaping the root canals of primary teeth. The working time was shorter with the rotary instrument (p=0.000). In the pairwise 
comparisons, working time was shorter with the rotary instrument compared to the manual techniques with steel files (p=0.000) and 
NiTi files (p=0.000). Comparing the manual techniques, the working time was shorter with NiTi files compared to steel files (p=0.011). 
Moreover, less variability in the preparation time was found when the rotary instrument was used. Conclusions: The mechanized 
rotary method led to a shorter operating time in comparison to the manual techniques and is therefore a preferable option for the 
preparation of the root canals of primary teeth. 

Indexing terms: Endodontics. Pediatric Dentistry. Tooth, Deciduos.
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RESUMO

Objetivo: Avaliar a eficiência de três instrumentos diferentes nos canais radiculares de molares decíduos artificiais, bem como a 
qualidade das obturações. Métodos: Sessenta molares decíduos artificiais foram divididos em três grupos de 20 dentes. Cada grupo 
foi submetido a uma técnica diferente: Grupo 1 - técnica manual convencional com limas Kerr; Grupo 2 - técnica manual com limas 
de níquel-titânio; Grupo 3 - Técnica rotatória de níquel-titânio. Os canais radiculares foram preenchidos com pasta de hidróxido de 
cálcio. Aspectos como homogeneidade das obturações, conicidade e fluidez das preparações foram considerados comparativamente 
para avaliar a qualidade das instrumentações. Os testes não paramétricos de Kruskal-Wallis e Mann-Whitney foram utilizados para 
comparar a eficiência do preparo do canal radicular considerando os tempos de preparo dos mesmos. Resultados: Todas as três 
técnicas foram igualmente eficazes na modelagem dos canais radiculares. O tempo de trabalho foi menor com o instrumento rotatório 
(p=0,000). Nas comparações pareadas, o tempo de trabalho foi menor com o instrumento rotatório em comparação com as técnicas 
manuais com limas de aço (p=0,000) e limas de NiTi (p=0,000). Comparando as técnicas manuais, o tempo de trabalho foi menor com 
as limas de NiTi em comparação com as limas de aço (p=0,011). Além disso, foi encontrada menor variabilidade no tempo de preparo 
quando o instrumento rotatório foi utilizado. Conclusão: O método rotatório levou um menor tempo operatório em comparação com 
as técnicas manuais e, portanto, é uma opção preferível para o preparo dos canais radiculares de dentes decíduos.

Termos de indexação: Endodontia. Odontopediatria. Dente Decíduo.

INTRODUCTION

The maintenance of primary teeth in the dental arch until physiological exfoliation is one of the main goals of 
pediatric dentistry. The premature loss of primary teeth can have negative consequences, such as an imbalance of oral 
functions (chewing, swallowing and speech), dental mesialization, extrusion and the loss of space in the arch for the 
permanent successor, and can also affect a child’s oral health-related quality of life [1,2]. 

Endodontic treatment is a conservative option to maintain the primary tooth in the dental arch [2]. To achieve 
treatment success, it is extremely important to have an aseptic field, adequate mechanical-chemical preparation and 
the complete obturation of the root canal with filling paste [3,4]. However, the smaller opening of a child’s mouth, the 
anatomy of primary teeth with accentuated root divergence and the occurrence of physiological root resorption are 
limitations that exert a negative impact of the operating time of endodontic treatment, the quality of treatment, the 
reduction of anxiety and the cooperation of the child during the procedure [5].

To overcome the challenges of endodontic treatment of primary teeth, novel technologies have been explored. 
Nickel-titanium (NiTi) rotary and manual files have been employed to reduce the operating time and improve the prognosis 
of treatment [6]. Therefore, studies investigating the use of these technological resources are essential to optimizing 
endodontic treatment of primary teeth and, consequently, contributing to the control of stress and child behavior in the 
dental clinic. 

The aim of the present study was to analyze the instrumentation quality and operating time required in root 
canals of artificial primary teeth using three different instruments.

METHODS 

Sixty artificial maxillary primary molars (stock teeth, Fábrica do Sorriso, Uberlândia, Brazil) were equally divided 
into three groups: Group 1 - conventional manual technique using Kerr files (Dentsply Maillefer, Ballaigues, Switzerland) 
used as the “gold standard”; Group 2 - manual technique with nickel-titanium files (Easy ProDesign M - Easy Equipamentos 
Odontológicos, Belo Horizonte, Brazil); and Group 3 - rotary technique with NiTi files (Easy ProDesign LOGIC- Easy Equipamentos 
Odontológicos, Belo Horizonte, Brazil). Each tooth was numbered and allocated to one of the experimental groups.

A single operator with experience in endodontics and the use of rotary devices performed the experimental part 
to ensure standardization and avoid operator-related confounding factors. An initial radiograph was taken with parallel 
X-rays (Spectro 70X Dabi Atlante, Ribeirão Preto, São Paulo, SP, Brazil) of each test specimen for the radiographic tooth 
length determination.  
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The teeth were then opened and the roof of the pulp chamber was removed with a high-speed n° 2 spherical bur 
and water cooling. Endodontic access was achieved with a nº 2 Batt bur (Dentsply Maillefer, Ballaigues, Switzerland). To 
standardize the preparation of each group, a vise (Morsa Linha Profissional Number 2 REF.METALSUL-TBP 057) was used 
to maintain the teeth in an adequate position.

After opening, odontometric analysis was performed of each canal using a K10 file in all artificial teeth and 
observing the passage of the file passively through the foramens. These data were filed and used for the instrumentation 
in the different experimental groups. The following techniques involving not only the instruments themselves but also the 
sequence and kinematics, were then performed:            

Group 1 - Manual preparation performed with Kerr files (Dentsply Maillefer, Ballaigues, Switzerland) as the “gold 
standard” for the analyses. After the odontometric analysis, preparation (crown-down sequence) was initiated with the 
K40 file pushed passively to the point of resistance. The same procedure was performed sequentially with the ‘K35, K30, 
K25 and K20 until the last file (K20) reached the working length. This sequence was repeated, always beginning with 
the K40 file and progressively with the K25, K30, K35, until the K40 reached the working length (1 mm).  Irrigation with 
saline solution was performed with each change of file [7]

Group 2 - Manual preparation with NiTi files (Easy ProDesign M). Initial pre-enlargement was performed using 
the 30/05 file with a clockwise rotary movement to 3 mm from the working length. Next, apical preparation (working 
length - 1 mm) was performed with the 25/01 and 25/06 files. Initial apical refinement was then performed with the 
35/01 file, followed by final refinement with the 35/05, both to the working length (1 mm). The following protocol was 
used with each file: approximately 50 360° clockwise turns simultaneously to progressive penetration of the instrument. 
Irrigation with saline solution was performed with each change of file. 

Group 3 - Preparation with NiTi rotary files (Easy ProDesign LOGIC) and electric motor (EASY SI, Easy Equipamentos 
Odontológicos, Belo Horizonte, Brazil). Cervical pre-enlargement was performed with the 30/05 file (torque of 4 Ncm2 
and 950 rpm) 3 mm short of the working length. Next, apical preparation was performed with the 25/01 file (torque of 
1 Ncm2 and 350 rpm) 1 mm short of the working length, followed by the 25/05 file (torque of 4 Ncm2 and 950 rpm) to 
the same distance. Apical refinement was first performed with the 30/01 file (torque of 1 Ncm2 and 350 rpm), followed 
by the 30/05 file (torque of 4 Ncm2 and 950 rpm) to 1 mm from the working length. Irrigation with saline solution was 
performed with each change of file. 

Operating time was recorded with the use of a stopwatch beginning with the insertion of the first file in the first 
canal of each tooth until the finalization of the root preparation of all canals. Thus, the times (in seconds) spent on the 
treatment of each canal were summed to determine the time spent on the total procedure in each group. 

Obturation was performed with Calen paste (SS White) using the following protocol: ML endodontic syringe 
with screw thread embolus for application of endodontic paste; previously curved disposable 27 G-LONG needle placed 
into root canal to the working length; complete turn of embolus to release desired quantity of paste with back-and-forth 
movements until completely filling the root canal. After filling, final radiographs were taken of all teeth to verify the 
conformation of the preparation with the three different techniques.  Aspects such as homogeneity of the fillings, taper 
and flowability of the preparations were considered comparatively to assess the quality of the instrumentations

Data analysis

Data analysis used descriptive statistics of the time (in seconds) spent per canal with each technique and analytical 
statistics. The nonparametric Mann-Whitney and Kruskal-Wallis tests were used to compare operating times (pairwise and 
set of three techniques). The level of statistical significance was set at 5% and 95% confidence intervals were calculated. 

RESULTS 

Sixty artificial primary teeth were submitted to endodontic treatment using three different instrument systems. 
After the opening of the canals, some stock teeth did not have three canals. Among the 20 teeth submitted to the 
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conventional technique with manual stainless-steel files (Group 1), 18 teeth had three canals treated and two had two 
canals treated (total of 58 canals). Among the 20 teeth submitted to manual NiTi files (Group 2), 12 teeth had three 
canals treated and eight had two canals treated (total of 52 canals). All 20 teeth submitted to rotary NiTi files (Group 3) 
had three canals treated (total of 60 canals). Thus, a total of 170 canals were treated in the present study.

Treatment time per canal was determined. Mean and standard deviation values for each type of instrument are 
displayed in table 1. The results of the comparative statistical tests are displayed in table 2. 

Table 1. Descriptive statistics of time (in seconds) spent per canal with each instrument system.

Descriptive Instrument system (seconds - s)

Statistics Conventional manual (n = 20) Mechanized rotary (n = 20) Manual NiTi (n = 20)

Min 263.7 152.3 242.7

Mean 383.5 202.3 307.0

Standard dev. 62.6 30.8 41.1

Median 377.6 206.3 298.0

Max 474.7 240.0 380.0

Table 2. Comparative analysis of time spent during preparation of root canals with different instrument systems.

Instrument system Comparative analysis p-value

Conventional manual vs Mechanized rotary vs Manual NiTi  Kruskal-Wallis test p = 0.000

SIG

Conventional manual vs Mechanized rotary Mann-Whitney test p = 0.0003

SIG

Manual NiTi vs Mechanized rotary Mann-Whitney test p = 0.0003

SIG

Conventional manual vs Manual NiTi Mann-Whitney test p = 0.0113

SIG

The set of times spent on mechanized rotary preparation had the least variability, whereas the set of times spent 
on conventional manual preparation had the greatest variability among the three instrument systems (figure 1).

All three techniques were effective at preparing the root canals. The final radiographs revealed the complete, 
homogeneous filling of the root canals performed during the obturation step.

DISCUSSION

The literature describes the preparation of the root canals of primary teeth using the conventional manual 
method with Kerr stainless-steel files [8,9]. However, rotary instruments have been employed in endodontic therapy for 
primary teeth due to the shorter operating time and better preparation shape compared to Kerr files [10-12].

The use of artificial teeth in this type of study has the disadvantage of not precisely reflecting the behavior of 
instruments in contact with natural dentinal tissue. The use of natural teeth would certainly alter the cutting capacity and 
would result in different times from those found in the present study. However, natural teeth present a limitation due to 
the lack of standardization [13]. Differences of curvature, reabsorption, position and foramen shape can exert a decisive 
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influence on operating time and constitute confounding factors that hinder the interpretation of the results. There may 
be considerable difficulty in obtaining a sufficient number of natural teeth for the formation of representative samples. 
Despite having a different consistency from dentine with regards to contact with instruments, artificial teeth offer a 
considerable advantage in terms of standardization and there is no restriction in obtaining samples with a sufficient 
number of specimens [13,14].

In the present study, operating times were compared among three different types of files: manual stainless-steel, 
manual NiTi and rotary NiTi. Compared to the manual stainless-steel files, the operating time with the Easy ProDesign 
LOGIC rotary system was significantly shorter. Silva et al. [15] described similar results in a previous in vitro study, in 
which the authors evaluated the cleaning capacity and time required to prepare the root canals of primary molars using 
manual and rotary instruments. Although no difference was found with regard to cleaning capacity, the operating time 
was shorter when using the rotary system. This reduction in time is clinically relevant to the endodontic treatment 
of primary teeth. Moreover, a systematic review showed that stainless-steel instruments have limitations, such as the 
longer operating time, apical transportation and the formation of undesirable edges. Stainless-steel files are also more 
susceptible to fracture compared to rotary instruments [16]. 

A Brazilian study described similar results in a study comparing the preparation of the canals of primary teeth 
using manual stainless-steel and rotary instruments, reporting a shorter preparation time when the rotary technique was 
used [17]. Others also reported a difference in operating time between the mechanized and manual techniques, making 
the rotary method a possible option for optimizing clinical time in the endodontic treatment of pediatric patients [18,19].

In the present study, the average operating time with the rotary technique was the shortest among all techniques 
tested. This finding is clinically relevant to pediatric dentistry, as the duration of the procedure is one of the factors 
of the successful treatment of primary teeth [9]. This protocol enables procedures of greater quality and safety and 
reduces fatigue in both the patient and dentist. In vitro and in vivo studies using rotary instruments on primary molars 
report a shorter operating time and more conical preparation of the canal, which favors obturation with better quality 
[9,15,16,20-23].
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Figure 1.	Variation in time (in second) spent on preparation of root canals using conventional technique with stainless-steel files, manual NiTi files and rotary NiTi 

instrument.
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Some important factors may account for the shorter operating time with rotary files compared to manual files. 
One of the factors cited in the literature is the smaller number of instruments (four) used in each canal for efficient 
cleaning and modeling in comparison to the use of manual K files (1 set of K15 to K40) (six) down-scaling -1 mm for the 
effective preparation of the canal.  Another factor cited in previous studies is that the reduction in operating time may be 
linked to the examiner’s experience [10,24]

Operating time with the manual NiTi ProDesign M file system was longer than that required with the rotary 
system, but shorter in comparison to the operating time required using the Kerr stainless-steel file system. Moreover, NiTi 
files offer greater flexibility compared to stainless-steel files, making them better for the preparation of narrow canals in 
primary teeth. This greater flexibility is due to fabrication with a nickel-titanium alloy [25]. NiTi instruments (ProDesign M 
and ProDesign Logic) have greater cutting power than K files and are therefore more efficient during preparation, which 
is reflected in the shorter operating time [26]. Thus, in the comparison of the manual instruments, ProDesign M files are 
more efficient than K files, which are known to have a low cutting capacity. According to the manufacturer, the ProDesign 
LOGIC and ProDesign M files are the same instruments. The only difference is the presence of a shaft to connect to the 
electric motor on the Logic instruments and a finger grip shaft on the ProDesign M instruments. 

Studies have shown that manual NiTi files are more effective in the preparation of the apical third, although the 
obturation quality is similar when compared to rotary systems. However, the operating time is shorter with rotary systems 
[16,27]. There is a need for more comparative studies on these two techniques. 

In the comparison of the three systems analyzed herein, the shorter operating time with the rotary system may 
be explained by the greater number of revolutions per minute in comparison to the other techniques. The higher number 
of rotations provided by the electric motor translates to more efficient cutting of the dentine and, therefore, less time 
required for the preparation of the root canal. These results are similar to those reported in previous studies [9,28]. 

The present results are compatible with findings described in the literature, demonstrating a significant reduction 
in operating time achieved with the Easy ProDesign LOGIC rotary file system, followed by the ProDesign M manual system 
and, finally, the conventional K file system. 

CONCLUSION

The findings of the present in vitro study revealed a statistically significant difference of operating time among 
the three root canal preparation methods, along with other advantages of NiTi files, for which further studies are needed. 
The mechanized rotary method led to a shorter operating time in comparison to the manual techniques (conventional 
stainless steel and NiTi files) and is therefore a preferable option for the preparation of the root canals of primary teeth.
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