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Apical micro leakage evaluation
using Reciproc and WaveOne files

Abstract. This research aimed to evaluate the apical seals of root canals prepared with WaveOne

and Reciproc files utilizing either the rotary or reciprocating preparation techniques. Materials and

methods. Sixty human single-rooted premolar (bicuspid) teeth were prepared and randomly divid-
ed into 4 groups which received different preparations: WaveOne files using rotary and reciprocating

techniques and Reciproc files using rotary and reciprocating techniques. Single-cone technique was

used for the obturation of the teeth, with zinc oxide eugenol sealer. The apical seals were evaluated

using a dye penetration technique. The degree of micro leakage was assessed via measurement ste-
reomicroscope (mag. 10x). Results. There is a significant difference between all groups in the extent

of micro leakage (p<0.05). The mean value of WaveOne file reciprocation group (0.73 pm) is lower
than that of WaveOne file rotation group (2.39 um), and the mean value of Reciproc file reciprocation

group (0.71 pm) is lower than that of Reciproc file rotation group (2.42 pm). There is a significant
difference between the measurements for the groups with reciprocation movement and rotational

movement (between Group 1 and Group 2 and between Group 3 and Group 4), at p<0.05. Conclu-
sion. Using either WaveOne or Reciproc files, much lower apical micro leakage resulted when ap-
plying the reciprocation method compared to the rotary technique.

Key words: dye, premolar, root canal preparation, root canal therapy, technique
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OlLleHKa amMKaJIbHOM MUKPOITPOHMUI[AeMOCTH
IPU UCIIOTb30BAHUY S9HAOJOHTUYECKUX
daiinos o Tuny Reciproc m WaveOne

Pedepar. Lienb gaHHOro nccnegoBaHma — oLeHKa repMeTUYHOCTY aneKkca KOPHEBbIX KaHa-
noB, 06paboTaHHbIX C MOMOLLbI0 SHAOAOHTHNYeCKMX dainoB WaveOne u Reciproc, ¢ ncnonb3osa-
HVem BpaLLaTeslbHON MW BO3BPATHO-MOCTYNaTeNIbHOW TeXHNKK npenapuposaHusa. MaTepuanbi
1 MeTopApbl. bbino ncnonb3oBaHo 60 OAHOKOPHEBbIX MPEMOJIAPOB YeNloBeKa, ClyyaiiHbIM 06pa3om
pasAeneHHbIX Ha 4 rpynmbl, B KOTOPbIX MPOBOAWN Pa3fINYHY0 SHAOJOHTUYECKYI0 00paboTKy Kop-
HeBbIX KaHas0B C VCMOJb30BaHNEM MaLLVHHbIX MHCTPyMeHTOB: daiinbl WaveOne ¢ ncnonb3oBaHviem
POTaLMOHHOII 1 BO3BPATHO-MOCTyNaTeNbHO TeXHUKM 1 daiinbl Reciproc ¢ ncnonb3oBaHnem pota-
LIMOHHOW 1 BO3BPATHO-NOCTYNaTeNbHON TeXHUK. [inA 06TypaLmumn KOpHeBbIX KaHanoB NMpUMeHANN
TEXHVKY OAVHOYHOTO WTU(Ta C NCMONb30BaHNEM LIMHK-OKCW-3BreHONI0BOro repmeTyika. Anmkanb-
Hble YMIOTHEHWA OLeHNBANN C NCMOMNb30BaHNEM TEXHMKIM NPOHVUKHOBEHUA KpacuTena. CreneHb Mu-
KpornofTekaHnA oLeHMBany ¢ NOMOLLbIO U3MEePUTESIbHOTO CTepeoMMKpockona npu 10-kpaTHOM
yBenuyeHun. Pesynbratbl. Mexay Bcemy rpynnamm HabniofaeTca 3HaunTeNnbHan pasHuLA B cTerne-
HU MUKponpoHuuaemoct (p<0,05). CpefHee 3HayeHWe B rpynne peuunpoKHOro ApkeHnsa daina
WaveOne (0,73 MKMm) Hixe, yem y rpynnbl daiina WaveOne (2,39 MKM) C poTaLMOHHbIM ABMXKEHNEM,
a cpefiHee 3HaueHvie rpynbl peLnnpoKHoro AeuxeHnA darna Reciproc (0,71 MKM) HiKe, yem y rpyn-
bl darina Reciproc (2,42 MKM) € poTaLMOHHbIM fiBVKeHUEM. Mexay n3mepeHnaMy AniA rpynn ¢ peLu-
MPOKHbIM ABUXXEHVIEM 1 POTaLIMOHHbIM [iBiKeHneM (Mexay | v Il rpynnoii n mexay Il v IV rpynnoir)
HabniofaeTca 3HaunTeNbHaA pasHuua npu p<0,05. 3aknoueHue. [py ncnonb3oBaHUK Gaiinos
WaveOne nnu Reciproc npy nprimeHeHnn MeToAa PeLMnpoKHOro ABWKeHNA Habnofanoch ropasao
MeHbLLEe anuKaabHON MUKPOMPOHULIAEMOCTI MO CPAaBHEHMIO C POTALIMOHHO TEXHUKO.

KnioueBble cnoBa: Kpacutesnib, NpeMonap, NpenapypoBaHne KOPHEBOTO KaHana, fiedeHne Kop-
HeBOro KaHasa, cnocob o6paboTku

INTRODUCTION

germs from the root canal system. A considerable amount

The primary purpose of root canal therapy is to clean the root
canal system of bacteria in order to prevent or treat apical
periodontitis [1]. In recent practice the root canal is mechani-
cally shaped after which chemicals are used to disinfect it.
This reduces apical micro leakage and removes any remaining

of irrigation solution is required for root canal cleaning and
disinfection, and this can only be applied to the apical third
of the root canal once the canal has been widened coronal-
ly [2]. The root canal smear layer may function as a physi-
cal barrier that prevents the sealer from adapting to and
penetrating the dentinal tubules, which may lead to micro
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leakage [3]. Apical micro leakage may be minimized by us-
ing chemically active and adhesive root canal sealers [4].
Rotary devices made of nickel-titanium alloy (Ni-Ti) have
become popular for root canal shaping due to their consistent,
predictable, and repeatable shaping ability. Since the effec-
tiveness of the instrumentation is affected by predictability
in shaping, so too are the outcomes of obturation [5].

In the last two decades, rotary instrument designs have
evolved at a remarkable pace. The design of these devices
has advanced tremendously, resulting in improved root ca-
nal preparation, better obturation and apical sealing, and
a better prognosis for the treated tooth in the long term [6].
The vast majority of Ni-Ti rotary systems rotate indefinite-
ly [7]; however, significant limitations to this type of system
have been reported, as is the case with many other systems.
Circular canal rotation may cause cyclic fatigue leading
to file separation and fracture as a result of the repetitive
application of tensile and compressive pressures [8]. The use
of certain Ni-Ti files necessitates the prior building of a glide
path using manual files, which might take considerable time
when repeated file size exchanges are required [9]. Since
then, single-file Ni-Ti reciprocating systems have emerged,
one of which is the Reciproc system [9]. The three files which
make up the single-file Ni-Ti system are the R25 (ISO 25;
8%), R40 (ISO 40; 6%), and R50 (ISO 50; 5%), each
of which includes corresponding paper points and gutta-
percha. In comparison to traditional rotational Ni-Ti sys-
tems, this design has several advantages:

1) it is more efficient because only one file is needed to pre-
pare all canals;

2) the files are made of M-wire (heated Ni-Ti alloy), which
gives them the highest flexibility and cycle fatigue re-
sistance;

3) they are reciprocating systems which rotate in recipro-
cal motions at balanced force with enormous rotation
angles.

To prevent taper locking and to alleviate tension
on the file, one movement is counter-clockwise so as to en-
gage and cut the dentin, while the second is clockwise to dis-
engage the file from the dentin and release the stress on it.
This reduces the likelihood of file breakage and boosts their
resilience to cyclic and torsional wear, thus making them
more efficient [10]. WaveOne, a new single-file Ni-Ti recip-
rocation technology, has also been introduced in the market.
There are three single-use files in this system: small (ISO
21; 6%), primary (ISO 25; 8%), and huge (ISO 25; 9%).
Moreover, a new file has been added to this category, which
is the ISO 25 (11%). The M-wire and reciprocal movement
characteristics of Reciproc are shared by this system.

Several research projects had compared different types
and brands of Ni-Ti system [11]. However, few studies have
examined the geometric and structural characteristics of ro-
tary files in order to provide a better understanding of root
canal apical micro leakage.

MATERIALS AND METHODS

This study was reviewed and approved by the Research Ethi-
cal Approval Committee of the College of Dentistry, Univer-
sity of Babylon (Babylon, Iraq), with reference number (28)

31 Endodontics
e

on (29/5/2024) as these our local internal features and
requirements of the university authorities.

Sixty human single-rooted premolar (bicuspid) teeth
with fully matured apices were collected after extraction for
orthodontic and periodontal reasons. An ultrasonic scal-
er (woodpecker HW-1 scaler, China) was used to physically
remove the soft tissue and plaque from each root’s exter-
nal surface. All specimens were examined under a micro-
scope (mag. 10x) and then radiographed mesio-distally and
bucco-lingually to verify the presence of any defect. Any
teeth with defect such as cementum caries, root fracture,
apical delta, accessory canals, external or internal resorption
and sever curvature, the teeth was excluded.

A multipurpose diamond bur (Komet, Germany) and
high-speed turbine were used to cut the teeth at the CE]J
level. The teeth were then stored in 2.5% NaOClI solution for
two hours followed by washing with normal saline solution.
A barbed broach was used to remove the pulp tissue, and
a #15 stainless steel K-files was used to examine for root
canal patency. Each tooth’s working length was determined
by introducing a #15 stainless steel K-files into the canal
with apical advancement until the tip of the file could be ob-
served visually through the apex and then subtracting 1 mm
from the distance travelled. Then irrigation was performed
using 2.5% NaOCI with 2 ml for each tooth.

Sample grouping

All 60 samples were randomly assigned into 4 groups, each
with 15 teeth. All of the teeth were contained in a single block
of silicon impression material (putty and catalyst gel) and
a #15 stainless steel K-files (Dentsply Maillefer, Switzerland)
were used to predetermine a glide path, and instrumented
using one of two distinct preparation processes:

e Group 1 — WaveOne file with reciprocation. A Wa-
veOne file #25 with a 0.08 taper (Dentsply Maillefer,
Switzerland) and an endomotor were employed in ac-
cordance with the manufacturer’s recommendations
utilizing a slow in and out pecking reciprocating ac-
tion. After three cutting cycles in which the WaveOne
file engages and disengages, it moves back and forth
in a unique way. It may reach the required working
length more rapidly.

Group 2 — WaveOne file with rotation. A WaveOne file
#25 with a 0.08 taper and a rotating technique with en-
domotor was employed with a gradual in and out rota-
tional pecking motion. WaveOne 25/08 instrument was
utilized in the same way as the single-length procedure,
rotated 360 degrees at 250 rpm throughout the full root
canal length.

e Group 3 — Reciproc file with reciprocation. The endo-
motor was used in a reciprocating manner and a slow
in and out pecking action, as instructed by the manufac-
turer, using a Reciproc file #25 with a 0.08 taper (VDW,
Germany).

Group 4 — Reciproc file with rotation. A Reciproc file
#25 with a 0.08 taper and an endomotor were used
in a rotational manner following the manufacturer’s
instructions. The instruments were utilized in the same
way as the single-length procedure at 250 rpm, through-
out the full root canal length.
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All of the teeth were contained in a single block of silicon
impression material (putty and catalyst gel) and a #15 stain-
less steel K-files were used to predetermine a glide path.

For all groups, each procedure was followed by irriga-
tion with 2 ml of 2.5% NaOCI and verification of apical
patency with a #15 stainless steel K-file.

As a final irrigation for all groups, two mL of 17% ED-
TA, washed with two mL of normal saline, followed by five
mL of 2.5% NaOCI solution were used to remove the den-
tinal smear layer from all specimens following biomechanical
preparation.

Obturation

All of the canals were then dried with corresponding pa-
per points (corresponding to the type and size of the files
that were used in the above 4 groups), and obturated with
the corresponding gutta-percha points (corresponding
to the type and size of the files that were used in the above
four group). For groups 1 and 2 the paper points and gutta-
percha points were size #25 with a 0.08 taper. For groups 3
and 4, the paper points and gutta-percha points were size
#25 with a 0.08 taper. After confirmation of tug back, a sin-
gle-cone technique combined with a ZOE-based sealer End-
ofill (Dentsply, Brazil) was utilized.

Dye test preparation
The entire external root surface of each tooth except the api-
cal 2 mm was coated with 2 layers of nail varnish (Flormar,
Turkey) followed by sealing the coronal access of the canal
system which was restored with high viscosity light-cured
resin-reinforced glass-ionomer restorative material Riva
light cure HV (SDI, Australia) so as to avoid micro leakage
from anywhere other than the apex.

All samples were then dipped in a container filled with
2% methylene blue dye (pH=7) followed by incubation for
3 days at 37°C [12]. After that, a scalpel was used to re-
move the varnish and then the teeth were cleaned and dried.
With the aid of a small-diameter double-faced diamond disc
mounted on a slow-speed headpiece with dental lab mi-
cromotor and under constant water-cooling, a longitudinal
groove was created on the root bucco-lingually, followed
by the splitting of the teeth.

The split specimens were
observed under a micro-
scope 10x magnification and
the images were captured
by the camera connected
to the microscope. Then, these
images were analyzed digitally,
and the length of the linear ex-
tension of the dye along the in-
ner side of the canal was mea-
sured in millimeters (fig. 1).

Measurement

of the linear extension
Intra- and inter-examiner
agreements were verified
via the calculation of values
of Cohen‘s Kappa (x) using

Fig. 1. Microscopical image
of sample showing dye (blue
color) penetration from

the root apex in linear way.
The captured image was digi-
tally analyzed and enhanced
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20 randomly selected cases used in this study. Values of «
of 0.88 and 0.81 indicated excellent intra- and inter-exam-
iner agreements respectively.

Then, the final measurement of the linear extension was
done independently by two examiners, and the mean reading
for each sample was recorded.

Statistical analysis

For comparison between the 4 groups, the results were anal-
ysed statistically using the parametric test one-way ANOVA.
For further analysis of the significance between groups, in-
dependent samples t-test was utilized between each two
groups. The statistical difference was set at p<0.05.

RESULTS

The results obtained for the four experimental groups
were summarized in table 1. Table 2 shows the mean mi-
cro leakage (in wm) for all of the groups. There is a sig-
nificant difference between all groups in the extent of mi-
cro leakage. The mean value of WaveOne file reciprocation
group (group 1) is lower than that of WaveOne file rotation
group (group 2), and the mean value of Reciproc file recip-
rocation group (group 3) is lower than that of Reciproc file
rotation group (group 4). There is no substantial difference
in micro leakage between the measurements for the groups
with reciprocation movement (group 1 and group 3). In ad-
dition, there is no substantial difference in micro leakage
between the measurements for the groups with rotational
movement (group 2 and group 4; table 2).

Table 3 shows no significant difference between
the measurements for the groups with reciprocation move-
ment (between group 1 and group 3), at p<0.05. In addi-
tion, it shows no significant difference between the measure-
ments for the groups with rotational movement (between
group 2 and group 4), at p<0.05. While, there is a significant

Table 1. The extent of micro leakage for all
samples in each group (in pm)

r 1 Group 3
no. f.lle W'th with rotation f.lle W'th with rotation
reciprocation reciprocation
1 1.02 2.49 1.06 2.50
2 1.00 2.40 1.00 2.44
3 0.98 2.40 1.05 2.43
4 0.94 2.40 0.33 2.39
5 0.93 2.40 0.73 2.39
6 0.88 2.40 0.60 2.34
7 0.79 2.36 0.93 2.39
8 0.74 2.40 0.71 2.49
9 0.71 2.40 0.39 2.40
10 0.67 2.40 0.29 2.50
1 0.60 2.39 0.93 2.49
12 0.54 2.40 0.96 2.50
13 0.48 2.40 0.43 2.49
14 0.38 2.40 0.98 2.40
15 0.25 2.19 0.27 2.15
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Table 2. Statistical analysis of the extent of micro leakage for all groups (in pm)
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Table 3. Statistical analysis of the extent of micro

Group Technique

Mean Min. Max. SE

leakage between each groups either using the same

1 WaveOne file with reciprocation 0.73+0.24 0.25 1.02 0.06
2 WaveOne file with rotation 2.39+0.06 2.19 2.49 0.02
3 Reciproc file with reciprocation 0.71+0.30 0.27 1.06 0.08
4 Reciproc file with rotation 2.42+0.09 2.15 2.50 0.02

T <0.001

difference between the measurements for the groups with
reciprocation movement and rotational movement (between
group 1 and group 2 and between group 3 and group 4),
at p<0.05 (table 3).

DISCUSSION

When performing root canal preparation, one of the primary
goals is to retain the canal system’s original configuration
while shaping and cleaning it effectively. This will help to pre-
vent complications like instrument fracture, external trans-
portation, ledging or perforation that could occur as a result
of iatrogenic causes [13].

An effective and thorough debridement of the entire ca-
nal system and the generation of a hermetic seal in the root
apex followed by a 3-dimensional filling of the canal spaces
are essential for perfect root canal treatment [14]. More-
over, the root apex is regarded as the most difficult part
of the tooth to understand, due to the presence of a wide
range of anatomical details and variations such as ramifica-
tions and tiny canals as well as lateral tubes that increase
the ability of microorganisms to leak [15].

Endodontic sealer plays a key role in the success of end-
odontic treatment, and sealing effectiveness is determined
according to the sealer’s adhesion to the dentinal wall as well
as its physical qualities.

There are several techniques for root canal obturation,
but one that has been extensively employed by dental practi-
tioners is the lateral condensation of gutta-percha [16].

The goal of this research was to determine the amount
of apical micro leakage in canals produced using WaveOne
and Reciproc files and lateral compaction techniques using
rotary and reciprocation instrumentation. Assessment was
performed with a dye penetration test due to its simplicity
and low cost, which make it a practical investigation op-
tion [17—19] to measure micro leakage.

Single-file instrumentation systems are as effective
as multi-file systems in cleaning the root canal system [20].
There is evidence to suggest that if less debris is generated
during instrumentation then the adaptability of root filling
materials and less apical micro leakage is improved [21], since
the link between dentin and sealant will be compromised
if the smear layer is thick or not completely removed [22].

Root canal filling should involve three-dimensional
apical and coronal obturation in order to avoid apical leak-
ing [23]. New materials and procedures, on the other hand,
may enhance the likelihood of good results by improving
the fit between the root canal walls and the filling mate-
rial, hence reducing micro leakage [24, 25]. The anatomy
of a root canal’s middle and apical regions may be better
preserved with the Reciproc method than other rotational
systems; however, this improvement has not been found

P file instrument with different movements, or using

different file instrument with the same movement

Groups Technique p
WaveOne file with reciprocation

182 and WaveOne file with rotation <0.001
Reciproc file with reciprocation

384 and Reciproc file with rotation <0.001

183 WaveOne flle_ w1th reciprocation ) g

and Reciproc file with reciprocation
284 WaveOne file with rotation 0191

and Reciproc file with rotation

to be significant [26]. Reciproc, in addition, generates less
alteration of root canal geometry and allows for safer root
canal system obturation and closing, thus reducing apical
micro leakage [27].

According to the findings of the current study, there was
no significant difference between the apical micro leakage
when applying WaveOne and Reciproc and the same instru-
mentation technique. This conclusion is in line with those
of Rubio et al. (2015), who employed WaveOne, ProTaper,
and F360 file systems to compare rotary systems [28]. Wa-
veOne and Reciproc were employed by Yoon et al. (2015)
for canal instrumentation [29], and the single-cone me-
thod (#25/08 and #30/06 gutta-percha) was used to fill
the canals [29]. According to their findings, there was no sig-
nificant difference in the gutta-percha-occupied area pre-
pared using the two rotational systems.

A considerable spacing differential may make it difficult
for the gutta-percha master cone to adapt to the surfaces
of root canals. As noted above, there is a link between apex
flaring and dye leaking. Root canal instrumentation should
be performed with a limited number of pecking motions.

The reciprocating group exhibited the finest apical
seal results using both file systems. This is a consequence
of the unique, uneven bidirectional movement involved,
which has three crucial characteristics. Its engagement angle
is five times greater than its disengagement angle, making
it superior to comparable reciprocating processes that use
equal bidirectional angles [30]. The Wave-One file will have
circled 360 degrees after three cutting cycles. Due to this file’s
distinctive reciprocating movement, it may reach the neces-
sary working length faster. Moreover, the variable speed
in both directions makes it easier to move debris outside
the canal.

CONCLUSIONS

The apical seals achieved differ with the reciprocation method
and the traditional rotational approach to prepare the root
canals, using WaveOne files. In addition, the was a significant
difference between the apical seals achieved with the recipro-
cation method and the traditional rotational approach to pre-
pare the root canals, using Reciproc files. While, the differ-
ence in micro leakage between WaveOne and Reciprocal
file (with rotational movement), and between WaveOne
and Reciprocal file (with reciprocation movement) was not
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statistically significant. A better apical seal was found when
using WaveOne reciprocation rather than WaveOne rotary
and the same was true for the Reciproc files.
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