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Abstract

Introduction: A separated instrument in a root canal
system has the potential of severely affecting the
outcome of endodontic therapy. This study evaluated
the effectiveness of the minimally invasive GentleWave
System (Sonendo Inc, Laguna Hills, CA) in removing
separated stainless steel endodontic files from the apical
and midroot regions of molar root canals. Methods:

Thirty-six extracted human molars were accessed, and
the glide path was confirmed to the apex. ISO #10,
#15, and #20 K-file fragments of 2.5-mm length were
separated at the apical (n = 18) or midroot (n = 18) re-
gion of the molars by engaging a weakened file with
downward pressure. During analysis, the teeth were
divided into 2 curved groups based on the curvature
of the root (<30� and >30�). The success rate of instru-
ment removal and the treatment time were noted. Sta-
tistical comparison was done with the Fisher exact test
and independent 2-sample t test (P < .05). Results: The
overall success rate of instrument removal when the
separated files were engaged in the apical region was
61%, and for the midroot region, it was 83%. Less
curved canals (<30�) showed a 91% success rate
(n = 24), whereas canals with an angle of curvature
greater than 30� showed a 42% success rate
(n = 12). The median treatment time for instrument
retrieval was 10 minutes 44 seconds. Conclusions:
The results revealed that the GentleWave System is
effective in retrieving separated instruments while
conserving the dentinal structure. (J Endod 2015;-
:1–4)
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Separated instruments in a root canal have the potential to compromise the
outcome of endodontic therapy because they prevent access to the apex and

thereby impede thorough cleaning, shaping, and sealing of the root canal system
(1, 2). Previous studies have shown that the incidence of separation of stainless
steel hand instruments can be as high as 6% (1, 3). The most common reasons
for steel file separation in canals can be attributed to 1 of 2 reasons, torsional
failure and/or cyclic fatigue (4, 5). In cases of torsional failure, the tip of the file
binds and if the file is either continued to be rotated clockwise or it is pulled out
with force greater than its torsional strength, it will separate (4). Additionally, steel
files are subjected to wear and tear because of continuous bending in curved canals,
causing a dynamic fracture similar to the cyclic fatigue that can occur for nickel-
titanium rotary files (5–7).

Several systems, including ultrasonics, the Masserann kit (Micro-Mega, Besancon
Cedex, France), and the Nd:YAG laser have been introduced to aid the endodontist in
removing or bypassing the separated instrument (8–12). Almost all of these systems
require direct access and visualization of the separated instrument and the success
of removal has varied (9–15). Nevares et al (16) showed that when using ultrasonic
tips, 85.3% of visible fractured instrument fragments could be removed compared
with only 47.7% of nonvisible instrument fragments. It is important to note that the in-
vestigators had to sometimes remove a substantial amount of dentin to gain straight-line
access to the fragment. In another study, the Nd:YAG laser provided a 55% success rate
in removal; however, it was accompanied with a temperature rise between 17�C and
27�C (17). Using the Masserann kit, a 55% success rate in removal was reported, again
accompanied with extensive dentinal removal, and it was concluded that the kit had
limited application in posterior teeth with thin and curved roots (18). These results
indicate that the prerequisite for better success was a straight-line view of the separated
instrument such that troughing around it was possible, in most cases compromising the
root integrity.

Even though these procedures can be successful, complications like extrusion of
the fragment apically, temperature rise on the external surface of the root, operator fa-
tigue, compromise of the root canal wall thickness, and perforations are often reported
(12, 13, 19–21). All the potential complications associated with the current processes
of the removal of separated instruments calls for new and more conservative
techniques.

The GentleWave System has been designed to deliver a broad spectrum of waves
within the irrigant to effectively clean the root canal system (22–25). Molina et al (24)
showed that the GentleWave System (Sonendo Inc, Laguna Hills, CA) thoroughly cleans
the root canal system even in the apical thirds. More importantly, Charara et al (25)
showed no extrusion when teeth were treated with the GentleWave System. These
studies introduced the concept of Multisonic Ultracleaning and provided the motiva-
tion of the present work to evaluate the possibility of the removal of a separated in-
strument using the GentleWave System. The aim of this study was to investigate the
success in removing a separated hand steel file from the mid and apical thirds of ex-
tracted molar teeth using the GentleWave System.

Methods
Thirty-six extracted human first and secondmolars with varying degrees of root cur-

vatures were collected and stored in phosphate-buffered saline at 4�C. Teeth with decay
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or fractures below the cementoenamel junction, internal or external
resorption, open apices, or previous endodontic therapy were excluded.
Only intact mesiobuccal canals of maxillary molars and mesial canals of
mandibular molars were selected. The roots of all teeth were sealed and
firmly secured within a water-saturated porous medium to simulate
blood-saturated periradicular tissue.

Preparation of the Instrument
Before placement into the canal, a notch was carefully cut on

the #10, #15, or #20 K-files to a depth of half the thickness of
the file using a diamond disc (NTI; Rotary Dental Instruments, Kahla,
Germany). The location of the notch was 2.5 mm from the tip of the
instrument (26).

Initial Radiographic Evaluation
After endodontic access, all teeth were radiographed, and the root

curvature was measured using ImageJ (National Institutes of Health, Be-
thesda, MD) (27, 28).

The working length, defined as 1mm from the apical foramen, was
determined. Patency was confirmed with #6, #8, and/or #10 K-files (K-
files; MANI, Utsunomiya, Japan) for all the canals. The patency/instru-
mentation protocol was as follows: for the separation of #10 K-files, the
canals were explored with a hand file of #6; for #15 K-files, the canals
were explored/instrumented to #8; and for #20 K-files, the canals were
explored/instrumented to #10. During initial instrumentation, approx-
imately 2 mL 3% sodium hypochlorite (NaOCl; Clorox, Oakland, CA)
was delivered using a 30-G Max-I-Probe needle (Dentsply Rinn, Elgin,
IL). Occasionally, the first 2 mm of the canal was opened using a #2
Gates Glidden drill for coronal flaring.

Separation of the Weakened Instrument
The notched files were placed as far as possible toward the work-

ing length with clockwise rotation and downward pressure until the file
separated by 2 calibrated operators.

Postinstrument Separation Radiograph
Radiographs were taken buccolingually and mesiodistally to

confirm instrument separation. The location of the separated instru-
ment was recorded.

GentleWave System Treatment
The handpiece of the GentleWave System was placed on the ac-

cessed tooth as described previously (23–25). GentleWave System
treatment was performed with 3% NaOCl for 5 minutes, distilled water
for 30 seconds, 8% EDTA for 2 minutes, and distilled water for
15 seconds in sequence for a total treatment time of 7 minutes
45 seconds (24–25). Radiographs were taken after each GentleWave
System treatment cycle to investigate if the file fragment had been
removed. A maximum of 3 treatment cycles (the total treatment time
was 23 minutes 25 seconds) were performed. Success was defined as
the complete removal of the separated instrument. In this study, 2
trained clinicians operated the GentleWave System, independent of
who separated the instrument.

Evaluation of Removal Success
The percentage of success for the removal of the separated instru-

ments was calculated using the following equation:

% Success ¼
#Separated Instruments Removed

Total # Canals Treated
� ð100%Þ

Statistical Analysis
The amount of time needed for removal was analyzed for each

sample. Data sets were analyzed with the Fisher exact test and the inde-
pendent 2-sample t test at P = .05.

Results
Of the 36 teeth, file fracture occurred 18 times in the apical and 18

times in the midroot regions. Figure 1A and B shows representative ra-
diographs of the molars before and after the removal of #10, #15, and
#20 files from the apical and midroot regions. The instruments were
successfully removed 61.1% of the time when engaged in the apical re-
gion and 83.3% of the time when engaged in the midroot region. When
comparing different file sizes, #10 K-files were removed 75% of the
time, #15 K-files were removed 92% of the time, and #20 K-files
were removed 50% of the time (Fig. 2A). There was no significant dif-
ference in the removal of the separated instruments from the locations
of file engagement and the file sizes (P = .798).

When comparing the effect of the root curvature with the success
of removal of the engaged file fragments, the files were successfully
removed 91% of the time when the curvature was less than 30� and
42% of the time when the curvature exceeded 30� (Fig. 2B). The asso-
ciation between the removal of separated instruments and the curvature
of roots was statistically significant (Fisher exact test at P = .003).

Fourteen separated instruments (5 in the apical region and 9 in the
midroot region) were successfully removed in 7 minutes 45 seconds (1
treatment). Eight separated instruments (3 in the apical region and 5 in
the midroot region) were removed within 15 minutes 30 seconds (2
treatments). Four separated instruments (3 in the apical region and
1 in the midroot region) were removed within 23 minutes 15 seconds.
The exact time of removal was not determined because the samples
were radiographed after each full GentleWave System treatment, hence
providing an upper bound of the removal time (in increments of 7 mi-
nutes 45 seconds). The median treatment time needed for the 26 suc-
cessful cases was 10 minutes 44 seconds. The mode (most frequent
treatment time) for successfully removing the separated instrument
was 7 minutes 45 seconds (Table 1).

There was no significant difference in the removal of the separated
instruments from the apical and midroot regions (Fisher exact test at
P = .99) between the 2 operators.

Discussion
A separated instrument is an obstacle to the apex. It prevents

optimal shaping of the root canal system, impedes the cleaning of tissue
debris and bacteria from the apical portion of the root, and can
compromise the success rate of endodontic therapy (29).

Various methods have been developed and are recommended for
the removal of the separated instruments. Most lack clinical practicality
and can in many cases be quite destructive to the root.

Overenlargement of the canal when attempting to remove a sepa-
rated instrument compromises the dentinal structure and integrity,
thereby making the roots prone to fractures (30, 31). For example,
in a study using the Masserann kit, the thickness of the dentin in the
apical third was reduced to the critical thickness (32). When the ultra-
sonic system is used, the mean load required to induce root fractures is
inversely proportional to the depth of the root canal system; therefore,
the deeper the instrument is the higher the risk of fracturing the root
(33). Using the GentleWave System, the dentinal integrity is not compro-
mised because the technology involves no shaping or instrumentation
and no further dentin is removed.
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It is important to note that the GentleWave System is performed in
the presence of irrigants, hence mitigating issues, such as heat damage
and desiccation, associated with current retrieval techniques (12). It is
conceivable that the GentleWave System is able tomove activated irrigant
solutions in a similar fashion as has been shown already in unob-
structed canals, along wedged instruments in case of ovoid canals
and thereby clean the canals along if not beyond the instrument, even
though it has not been successfully removed (22). Future studies should
also probe into the cleaning efficiency of the GentleWave System around
and beyond the separated instruments in cases in which the separated
instruments could not be removed.

Furthermore, the use of Masserann kits and ultrasonic tips is
limited in curved canals (12, 31, 33). In the present study, when
using the GentleWave System, a success rate of 42% was observed in

canals where the angle of curvature was greater than 30�, indicating
that removal is possible beyond the curve without any preparation or
removal of root dentin.

The GentleWave System uses various phenomena with degassed
treatment fluids inside the root canal system. A reduced amount of dis-
solved gas within the treatment fluid allows for interplay between prop-
agating multisonic energy and fluid dynamics. The GentleWave System
disperses different treatment fluids from the tip of the handpiece into
the pulp chamber. When the treatment fluid is dispersed from the hand-
piece and is in contact with stagnant fluids in the pulp chamber, because
of shear forces, hydrodynamic cavitation occurs, forming thousands of
microbubbles called a cavitation cloud. The bubbles subsequently
implode and create sound waves that cover a broad frequency spectrum
(Multisonic Ultracleaning spectra) that reverberate and contribute to

Figure 1. Representative radiographs showing the buccolingual or the mesiobuccal views of the molars before removal and after removal of #20, #15, and #10
files. Files were separated in the (A) apical region and the (B) midroot region. The median treatment time was 10 minutes 44 seconds.

Figure 2. (A) The percentage of separated instruments removed when the instruments (K-files #10, #15, and #20) were separated either in the apical or midroot
region. (B) The mesials of mandibular molars and mesiobuccals of maxillary molars (separated in both the apical and midroot regions) were divided into 2 groups:
>30� and <30�.
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the cleaning throughout the entire root canal system. Excess fluid is
continuously removed from the chamber by the built-in suction along
with a proprietary fluid handling system. More information about the
controlled fluid delivery and suctioning of the GentleWave System has
been explained previously (24, 25). The presence of the Multisonic
Ultracleaning energy in combination with advanced fluid dynamics
enables the loosening of the separated instruments when engaged in
the dentinal wall. Furthermore, the interplay of fluid dynamics and
acoustics eventually lead to the higher success rate in the removal of
separated instruments.

In an effort to standardize the fracture and minimize the effect of
instrumentation, all the steel files in this study were weakened by cutting
a notch 2.5 mm from the tip. This potentially has the effect that the file
separation in this study mimics dynamic (cyclic) failure rather than
torsional. The torsional failures could be harder to remove because
of the fact that they are possibly more firmly wedged in the canals.
Even though this study is limited to evaluate the GentleWave System
for removing fragments of steel hand files, it is worth noting that the sep-
aration rate of rotary file instruments is greater than that of hand files
(26). Of interest will be to test the performance of the GentleWave Sys-
tem in the removal of rotary files. Furthermore, the removal of separated
instruments using the GentleWave System in tooth types other than mo-
lars has yet to be investigated. In the future, clinical studies showing the
efficiency of the GentleWave System in the removal of separated instru-
ments are warranted.

Conclusion
In conclusion, within the limitations of this study, the GentleWave

System showed 61.3% and 83.3% success rates in removing separated
instruments from the apical and midroot regions, respectively, when
treated for a median time of 10 minutes 44 seconds. The removal
rate was independent of the operator who separated the instruments
and performed the GentleWave System treatments, and no instrumenta-
tion or manual opening of canals after the file was separated was neces-
sary for the GentleWave System to successfully dislodge a significant
number of files. Even though further in vivo case studies are necessary,
these results may have implications in the success of root canal treat-
ment when an instrument has been separated in the root canal.
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