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Comparison of full rotation and reciprocating movements in regaining 
apical patency during endodontic retreatment
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ABSTRACT

Background: This study aimed to compare the continuous rotation and reciprocating movements 
of rotary files in achieving apical patency in root canal retreatment.
Materials and Methods: This in vitro, experimental study evaluated 64 extracted mandibular 
molars. The teeth were prepared up to F3 with ProTaper Universal and obturated using lateral 
compaction technique. The teeth were divided into four groups (n = 16) based on the mesiobuccal 
canal curvature (Schneider’s method) and type of rotational movement. Groups 1 and 2 included 
straight canal teeth retreated with WaveOne Gold and ProTaper Universal Retreatment system, 
respectively. Groups 3 and 4 included teeth with moderately curved root canals retreated with 
WaveOne Gold and ProTaper Universal, respectively. Apical patency was ensured by observing the 
tip of a hand K‑file at the apical foramen. Data were analyzed using the Fisher’s exact test. P < 0.05 
was considered statistically significant.
Results: Apical patency was successfully achieved in all 16 teeth in group 1 (100%) and 15 teeth in 
group 2 (93.75%). No significant difference was noted between continuous rotation and reciprocating 
movements in straight canals (P = 1.00). Apical patency was successfully achieved in 15 teeth in 
group 3 (93.75%) and 12 teeth in group 4 (75%). No significant difference was noted between 
continuous rotation and reciprocating movements in moderately curved canals either (P = 0.333).
Conclusion: Both continuous rotation and reciprocating movements are equally effective in 
achieving apical patency in straight or moderately curved mesiobuccal canal of mandibular molars.
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INTRODUCTION

Root canal treatment is not always successful. 
Despite all advances in endodontic diagnosis and 
treatment, undesired outcomes are still a common 
occurrence.[1] Substandard treatments often lead to 
failure. However, ideal treatments may also fail in 
some cases mainly due to microbial contamination. 
Microbial contamination of the root canal system can 
extend into the peri‑radicular and periapical tissues. 

Elimination of this contamination requires re‑cleaning 
and disinfection of the root canal system.[2]

Nonsurgical root canal retreatment has some 
problems such as presence of root filling material in 
the canal that serves as a mechanical barrier against 
irrigating solutions, intracanal medicaments and 
mechanical root canal cleaning.[3] Furthermore, the 
presence of root filling material prevents achieving 
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and maintaining root canal patency. Thus, one of the 
main goals of endodontic retreatment is to completely 
eliminate the root canal filling materials to access the 
apical foramen and enable complete re‑cleaning and 
re‑shaping of the entire root canal system.

The patency maneuver refers to establishing a 
communication path between the access cavity and 
peri‑radicular space through the apical foramen. 
According to Buchanan,[4] apical patency refers to 
passively moving a small K‑file through the apical 
constriction to prevent accumulation of debris in the 
apical part of the canal.[5] This also leads to better 
distribution of irrigating solutions in the apical third 
of the canal and achieving a better apical seal by 
gutta‑percha.[5,6]

The results of previous studies on achieving an apical 
patency have been controversial. Some believe that 
apical patency is not necessarily required in root 
canal treatment,[7] while some others reported that 
apical preparation and accessing the peri‑radicular 
space (by obtaining patency) is a major factor 
preventing treatment failure in primary root canal 
treatment or retreatment. It has been reported that 
achieving apical patency is correlated with lower 
postoperative pain.[8] Authors that believe that apical 
patency is not necessary mainly assessed primary 
endodontic treatment of teeth with vital pulp, which 
are free from microbial contamination and have a 
sound peri‑radicular tissue.[9] In such cases, it is 
recommended to prepare the root canal 1–2 mm 
shorter than the radiographic apex and maintain a 
pulp stump at the apical end.[10]

Since failed root canal treatments are often associated 
with periodontitis or peri‑radicular abscess, accessing 
the peri‑radicular area in such cases for the elimination 
of microbial contamination plays a pivotal role in 
determining the treatment success.[11,12]

Several materials have been proposed for obturation 
of root canals. Gutta‑percha and sealer are most 
commonly used for this purpose. Previously, 
manual files along with heat and/or solvent were 
commonly used for removal of gutta‑percha from 
the canal. Other tools such as ultrasonic, laser, and 
nickel–titanium (NiTi) rotary files have also been 
used for this purpose. Rotary files were first used 
for cleaning and shaping of the canal in primary 
endodontic treatment. However, at present, they are 
increasingly used for removal of root filling material 
due to their high efficacy, safety and high‑speed, 

compared with other methods especially when used 
in combination with solvent.[13] The friction heat 
generated by file rotation is another reason for higher 
speed and efficacy of rotary files. In addition, rotary 
files can more effectively remove physical barriers in 
the canal and obtain apical patency more efficiently 
and with higher level of safety.[3,13]

Several rotary files have been compared for their 
ability in removal of gutta‑percha from the root 
canal system. ProTaper Universal is a NiTi rotary 
file commonly used for endodontic treatment 
and retreatment. ProTaper files with triangular 
cross‑section, cutting edges and a relatively cutting 
tip have variable taper along the file length. Thus, 
they are faster than manual files in removal of 
gutta‑percha from the root canal. This file system 
has continuous rotation movement.[14] The ProTaper 
Universal Retreatment system has three files with 
variable degrees of taper and tip size, designed for 
the removal of gutta‑percha in three steps, from 
the coronal, middle and apical thirds, in an orderly 
manner.[15]

In the recent years, rotary files with reciprocating 
movement have also been used in endodontic 
treatment. Several studies have been conducted 
aiming to compare the properties and performance 
of the conventional rotary files with continuous 
rotation movement and rotary files with reciprocating 
movement. Evidence shows advantages such as 
longer clinical service due to less cyclic fatigue, lower 
flexural stresses, less root canal deformation, and 
faster root canal preparation for the latter group.[16,17] 
WaveOne and Reciproc are two main rotary file 
systems with reciprocating movement.[18] WaveOne 
Gold also has a reciprocating movement similar to 
that of WaveOne but with different dimensions and 
geometry. It has improved physical properties such 
as 80% higher flexibility, 50% higher resistance 
to cyclic fatigue, and 23% higher efficacy than 
WaveOne.[16,18] These files have also been used for 
endodontic retreatment. This study aimed to assess 
and compare the continuous rotation and reciprocating 
movements in achieving apical patency in endodontic 
retreatment of mandibular molars.

MATERIALS AND METHODS

This in vitro, experimental study evaluated 
64 mandibular molars extracted for purposes not 
related to this study. The study was approved by the 
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Ethics Committee of Dental School of Islamic Azad 
University, Khorasgan Branch (23810201962093). 
Sample size was calculated to be 16 in each group 
according to a pilot study on 12 teeth assuming 
alpha = 0.05, study power of 80%, and the efficacy of 
WaveOne Gold and ProTaper Universal in obtaining 
patency to be 100% (n = 12) and 67% (n = 8), 
respectively.

The extracted mandibular molar teeth with mature 
apices, no root resorption, no calcification, and no 
fracture were enrolled. Furthermore, teeth without 
mesiobuccal canal patency for any reason or 
undetectable apical foramen were excluded.

The collected teeth were first immersed in 5.25% 
sodium hypochlorite solution for disinfection 
and then underwent periapical radiography to 
exclude teeth with root resorption, calcification 
or fracture. Of the collected 64 eligible teeth, 
32 had straight and 32 had moderately curved 
(mean degree of curvature of 16°) mesiobuccal 
canal, determined according to the Schneider’s 
method.[19] The teeth were stored in saline at 4°C until 
the experiment.

All teeth were prepared by the same operator 
(senior postgraduate student of endodontics). Access 
cavity was prepared using a #141 fissure bur with 
a noncutting tip (Jota, Switzerland). First, the 
mesiobuccal canal path was prepared using hand 
K‑files (Mani, Japan) with a size corresponding 
to the canal diameter (#10 or #15). A periapical 
radiograph was obtained when the file tip reached 
the apex. Working length was determined 1 mm 
shorter than the radiographic apex. In order to obtain 
a coronal reference and also for straight positioning 
of rubber stops of the files, the crown was cut at the 
mesiobuccal area.

Next, the root canal was prepared by ProTaper 
Universal rotary file system according to the 
manufacturer’s instructions by the single‑length 
technique. For this purpose, SX, S1, S2, F1, and 
F2 files were used in an orderly manner to clean 
and shape the root canal. Eventually, F3 file was 
considered as the master apical rotary file. Root 
canal irrigation was performed between filings using 
5.25% sodium hypochlorite solution and saline. 
A hand‑piece driven by an electric endodontic motor 
with a controlled torque (Xsmart Plus, Dentsply 
Maillefer, Germany) was also used. The speed and 
torque of the device were adjusted according to the 

manufacturer’s instructions, which were 300 rpm 
and 4 N/cm, respectively for ProTaper Universal. 
After final irrigation, drying of root canals with paper 
points (Gapadent Ltd., Korea) and dry reaming, the 
canals were filled with gutta‑percha and AH‑26 
sealer (Dentsply Maillefer, USA) using lateral 
compaction technique. To ensure optimal quality 
of filling, a periapical radiograph was obtained in 
buccolingual direction.

The canal orifice was temporarily restored 
with Coltosol (Coltene, Altstatten, Switzerland) 
with 3 mm thickness and the apices were 
sealed with wax. The teeth were incubated 
(Memmert Oven INB200, Germany) at 37°C and 
100% humidity for 1 month.

Next, endodontically treated teeth were randomly 
divided into four groups of 16 as follows:

Group 1: Teeth with straight mesiobuccal canals 
retreated with WaveOne Gold

Group 2: Teeth with straight mesiobuccal canals 
retreated with Retreatment ProTaper Universal

Group 3: Teeth with moderately curved mesiobuccal 
canals retreated with WaveOne Gold

Group 4: Teeth with moderately curved mesiobuccal 
canals retreated with Retreatment ProTaper Universal

All teeth underwent retreatment as follows:

First, the temporary restoration was removed by 
a #3 carbide round bur (Jota, Switzerland) and 
low‑speed hand‑piece. Next, a #3 Gates‑Glidden 
drill (Mani, Japan) was used to remove 2 mm of 
gutta‑percha from the canal orifice. Afterward, 
2 drops of chloroform (Golchai, Iran) as 
solvent were dripped into the canal orifice and 
allowed to work for 1 min. Next, the teeth in 
groups 1 and 3 underwent endodontic retreatment 
using small size WaveOne Gold file with #20 tip size 
and 7% taper (Dentsply Maillefer, Switzerland) with 
maximum speed of 350 rpm and 5 N/cm torque with 
up‑and‑down movements within 3 mm range and 
gentle apical pressure according to the manufacturer’s 
instructions. The file was proceeded into the canal 
to the working length. Each file was discarded after 
being used for 3 canals. In addition, the files were 
replaced with a new file if wear or flute opening was 
noticed.

The teeth in groups 2 and 4 underwent endodontic 
retreatment using ProTaper Universal Retreatment 
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rotary system with D1, D2, and D3 files 
(Dentsply Maillefer, Switzerland) with maximum 
speed of 500 rpm and 4 N/cm torque with 
the crown‑down technique according to the 
manufacturer’s instructions. D1 file was first used 
for the coronal third of the canal. Then, D2 was used 
for the middle third and D3 was finally used for the 
apical third until D3 reached the working length.

The files were replaced as explained for the WaveOne 
Gold system. A gauze dipped in alcohol was used to 
clean the file flutes during the process. The apical part 
of the canal in all four groups was prepared using a 
file with #20 tip size (D3 file of Retreatment ProTaper 
Universal has a tip size of 20 and 7% taper similar to 
the small file of WaveOne Gold). The files in the two 
systems were standardized as such.

Apical patency of all teeth was then evaluated one 
by one using a #15 hand K‑file (Mani, Japan). The 
success criterion was observation of the file tip at the 
apical foramen.

Data were analyzed using the Fisher’s exact test 
through SPSS version 22 (SPSS Inc., IL, USA) at 
0.05 level of significance.

RESULTS

Table 1 presents the efficacy of ProTaper Universal 
and WaveOne Gold in achieving apical patency in 
endodontic retreatment of straight canals. As shown, 
in the use of ProTaper Universal, apical patency was 
achieved in 93.75% of the cases. This rate was 100% 
for WaveOne Gold. The difference in this respect was 
not significant between the two file systems (P = 1.00).

Table 2 presents the efficacy of ProTaper Universal 
and WaveOne Gold in achieving apical patency in 
endodontic retreatment of moderately curved canals. 
As shown, ProTaper Universal was successful in 
achieving apical patency in 75% of the teeth with 
moderately curved canals. This rate was 93.75% for the 
WaveOne Gold. The difference in this respect was not 
significant between the two file systems (P = 0.333).

Table 3 presents the frequency of procedural errors 
in endodontic retreatment of teeth in use of ProTaper 
Universal and WaveOne Gold rotary systems.

DISCUSSION

This study compared the continuous rotation 
and reciprocating movements of rotary files in 

achieving apical patency in endodontic retreatment. 
The results showed that both file systems were 
completely capable of achieving apical patency 
in straight canals with no significant difference 
between them (P = 1.00). In moderately curved 
canals, reciprocating movement had higher efficacy 
in achieving apical patency than the continuous 
rotation movement; however, this difference did 
not reach statistical significance (P = 0.333). 
This superiority can be attributed to the inherent 
properties of the reciprocating movement, which is 
similar to the balanced force rotation of manual files 
(back and forth reciprocating rotation), and better 
maintains the centering ratio of the file in the original 
canal path and reaching the apical foramen.[20] The 
success rate in achieving apical patency was 100% in 
straight canals retreated with reciprocating movement 
of WaveOne Gold file.

To the best of the authors’ knowledge, no similar 
previous study is available comparing continuous 
rotation and reciprocating movements of files in 
achieving apical patency in endodontic retreatment. 
One previous study assessed the apical patency in 
endodontic retreatment using reciprocating movement 
of a rotary file versus hand files.[3] They reported 
100% success rate of reciprocating movement in 
achieving apical patency, which was in agreement 
with our findings.

Molar teeth with straight and moderately curved 
mesiobuccal canals were evaluated in our study. 
Most previous studies on endodontic retreatment 
used single‑root and single‑canal teeth.[3,21] However, 

Table 1: Efficacy of ProTaper Universal and 
WaveOne Gold in achieving apical patency in 
endodontic retreatment of straight canals
File system Apical patency n (%)
ProTaper Universal Absence 1 (6.25)

Presence 15 (93.75)
WaveOne Gold Absence 0 (0)

Presence 16 (100)

Table 2: Efficacy of ProTaper Universal and 
WaveOne Gold in achieving apical patency in 
endodontic retreatment of moderately curved 
canals
File system Apical patency n (%)
ProTaper Universal Absence 4 (25.0)

Presence 12 (75.0)
WaveOne Gold Absence 1 (62.25)

Presence 15 (93.75)
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the main problem in obtaining patency in endodontic 
treatment or retreatment is related to curved canals. 
Our study showed that by an increase in canal 
curvature, the difference between the continuous 
rotation and reciprocating movements, and the 
frequency of procedural errors increased as well.

In terms of mechanical properties, ProTaper files 
have a convex, triangular cross‑section and due to 
variable taper along their cutting blade as well as 
the presence of sharp edges (with positive cutting 
angles around 60° in size), they have a tendency to 
remove more dentin from the external wall of the 
curved canals.[22,23] Such a tendency for proceeding in 
a straight path, in combination with lower flexibility 
than WaveOne Gold, explain further deviation from 
the canal curvature. For instance, the frequency of 
root canal path obstruction due to ledge formation 
in moderately curved ProTaper group was twice the 
rate in moderately curved WaveOne Gold group. In 
all four groups, all cases of zipping occurred in use of 
ProTaper system. WaveOne Gold files undergo heating 
followed by gradual cooling (heat treatment process) 
in their manufacturing process, which improves their 
physical properties and confers higher flexibility and 
resistance to cyclic fatigue to these files compared 
with other NiTi alloys.[16]

Chloroform solvent was used prior to the use of 
both systems in this study. It seems that WaveOne 
Gold files are more dependent on softening of 
gutta‑percha (by the activity of chloroform) than 
ProTaper Universal, for two reasons. The first reason 
is due to the lower cutting efficiency of WaveOne 
Gold, which was explained earlier. The second reason 
is due to the direction of movement of debris. In use 
of ProTaper Universal, as the file proceeds towards 
the apex, extrusion of debris (gutta‑percha) occurs 
toward the coronal, which enhances the penetration of 
the file.[15] Since the solvent has a limited penetration 
depth into gutta‑percha, as the WaveOne Gold 
proceeds towards the apex, its speed decreases, which 
also explains the longer time required for obtaining 
apical patency by this file system. In order to speed up 

the process of removal of gutta‑percha from the canal 
with WaveOne Gold, it is recommended to refresh 
chloroform solvent in the canal as the file proceeds 
into the canal. However, considering the toxicity 
of chloroform and risk of its extrusion through the 
apical foramen, necessary measures should be taken 
to prevent such accidents. Further studies are required 
regarding apical patency in root canal treatment by the 
use of other rotary file systems. In addition, in order 
to assess the role of apical patency in clinical success 
of endodontic retreatment, the outcome of endodontic 
retreatment in teeth with apical periodontitis 
(with/without apical patency) should be compared in 
future studies.

CONCLUSION

Within the limitations of this in vitro study, the results 
showed that both continuous rotation and reciprocating 
movements were equally effective in achieving apical 
patency in straight or moderately curved mesiobuccal 
canals of mandibular molars. By an increase in degree 
of canal curvature, the reciprocating movement was 
more successful than the continuous rotation for this 
purpose, but not significantly.
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