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Abstract

In endodontic therapy, thorough cleaning of the root canal system which results in the complete or near
elimination of diseased or necrotic pulp tissue and resident microorganisms is the most critical factor in ensuring a
favorable outcome. Removal of both debris and the smear layer from the canals is important, since organic matter
from these materials may promote bacterial growth and inhibit obturation materials from having proper contact with
the canal wall. This report of two cases is the first known presentation of teeth receiving in vivo treatment and then
analyzed post extraction via ex vivo scanning electron microscopy (SEM).

The two cases describe patients with similar clinical presentation and diagnoses who required single-tooth
extractions. The treating clinician provided in vivo chairside endodontic therapy using two different available
treatment modalities: standard root canal treatment and the GentleWave® Procedure. The teeth were then extracted
and underwent ex vivo SEM analyses as part of an ongoing clinical study. Similarities and differences in the level of
debridement in the root canal systems were observed between the two cases, with greater reduction in accumulated
debris and smear layer scores present in the tooth treated with the GentleWave Procedure. Further research is
ongoing to provide additional evidence-based data regarding outcomes related to the cleaning efficacy of different
endodontic therapies.
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Introduction
Successful endodontic treatment is reliant on the establishment of

an accurate diagnosis, proficient knowledge of tooth anatomy and
morphology, and the effective cleaning, shaping, and debridement of
the root canal system [1,2]. Thorough cleaning that results in the
complete or near elimination of diseased or necrotic pulp tissue and
resident microorganisms is the most critical factor in ensuring a
favorable outcome [1,2].

Standard root canal therapy (RCT) can be challenged by patient-
specific morphologic factors such as lateral and accessory canals, canal
wall irregularities and isthmuses [2,3], which can make total
debridement of the canals difficult and potentially hinder the clinical
outcome. Past research has shown that standard instruments and
rotary files may not completely debride the canals [4,5] or significantly
remove the smear layer prior to obturation [6,7]. Removal of both
debris and the smear layer from the canals is important, since organic
matter from these materials may promote bacterial growth and inhibit
obturation materials from having proper contact with the canal walls
[2,8,9].

Although there are a number of techniques and instrumentation
protocols for treating the vast variety of clinical scenarios, there is no
current consensus on which technique or instrument is superior [2,5].
Past meta-analyses of endodontic treatment studies have reported
success rates of 86% with standard methods [10], and a reported
success rate of 97% for the newer GentleWave® System [11].

This report of two cases describes patients of similar clinical
presentation and diagnoses who required single-tooth extractions.
Endodontic therapy was provided by the same clinician using two
different treatment modalities: standard RCT and the GentleWave
Procedure. The teeth were then extracted and underwent ex vivo
scanning electron microscopy (SEM) analyses as part of an ongoing
clinical study. This is the first known presentation of in vivo treated
teeth analyzed post extraction via ex vivo SEM.

Case Presentation #1
A 66-year-old female presented for examination at a general

dentist’s office. After clinical examination, it was considered that the
only remaining maxillary molar (#15) undergo extraction. The patient
was informed of various modalities of possible treatment and declined
to attempt to salvage the remaining maxillary tooth. The patient
requested tooth extraction and complete maxillary dentures, and was
then referred for possible inclusion into a clinical study evaluation at
an endodontic practice.

The treating endodontist reviewed the patient’s medical and dental
history and deemed it non-contributory and unremarkable. Clinical
examination of the molar showed mild periodontitis with some
bleeding and no painful response to percussion or palpation.

Vitality testing with Endo-Ice® (Coltene®/Whaledent, Cuyahoga
Falls, OH) revealed a normal response. Based on clinical and
radiographic findings (Figure 1), a diagnosis of normal pulp and
periradicular tissue was made. The clinical study treatment plan was
reviewed with the patient, whereby the subject tooth undergoes RCT
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followed by extraction and ex vivo analyses. The patient agreed and
informed consent was obtained.

Figure 1: Tooth #15-Radiograph Prior to Standard Root Canal
Therapy.

The patient received local anesthesia per standard techniques, and a
dental dam was applied to isolate the tooth for endodontic treatment.
Endodontic access was obtained, a carious lesion was removed and the
missing tooth structure restored. Examination of the pulp chamber
floor revealed four distinct canals: palatal, distobuccal, mesiobuccal-1
and mesiobuccal-2. All canals were shaped to a depth of 5 mm into
each canal using Gates Glidden Drills (Kerr™, Orange, CA) size #2 and
then each orifice using size #3. Patency was gained with a #15 K-file,
and working length was established using a Root ZX apex locator (J.
Morita, Irvine, CA). Calcification was present throughout the
mesiobuccal-2 canal and bleeding occurred during the shaping
process. All canals were instrumented using K-files up to #20 and
ProTaper® rotary files to F2 (Dentsply, Tulsa, OK). Irrigation was
performed with 6.0% sodium hypochlorite (NaOCl) followed by 17%
ethylenediaminetetraacetic acid (EDTA), and a final rinse of
chlorhexidine. The root canals were dried with paper points and the
canal orifices were sealed with cotton, followed by a layer of Cavit™
(3M, Neuss, Germany) and then composite. At the conclusion of the
RCT, the tooth was extracted for further ex vivo analyses per the study
protocol. Post-extraction, the tooth was rinsed in a dental sink under
running water to remove any saliva and blood. The tooth was then
placed in 1X phosphate-buffered saline (PBS) solution pH 7.4 (Thermo
Fisher Scientific, Fair Lawn, NJ) and transported for ex vivo analyses.
Post-treatment follow-up of the patient was conducted 48 hours after
the procedure, and the patient reported no complications or
discomfort.

Case Presentation #2
A 27-year-old female presented for examination at a general

dentist's office with a chief complaint of spontaneous pain. After
clinical examination, it was determined that a right maxillary molar
(#2) was unrestorable. Single-tooth extraction was recommended and
the patient was referred for possible inclusion into a clinical study
evaluation at an endodontic practice.

The treating endodontist reviewed the patient’s medical and dental
history and deemed it non-contributory and unremarkable. Upon
clinical examination, the tooth revealed a deep carious lesion with
pulpal exposure which had been excavated and filled with temporary
filling material. Probing indicated mild periodontitis. Periradicular

testing elicited a mild painful response to palpation and no sensitivity
to percussion. Vitality testing with Endo-Ice produced a moderate
painful lingering response. Based on clinical and radiographic findings
(Figure 2), a diagnosis of irreversible pulpitis with asymptomatic apical
periodontitis was made. The clinical study treatment plan was
reviewed with the patient, whereby the subject tooth undergoes RCT
with the GentleWave system, followed by extraction and ex vivo
analyses. The patient agreed and informed consent was obtained.

Figure 2: Tooth #2-Radiograph Prior to GentleWave Procedure.

The patient was anesthetized utilizing standard dental techniques
and the tooth was isolated with a dental dam. The carious lesion was
removed and the missing tooth structure was restored. A conservative
straight line access opening was prepared with removal of all pulp
horns and ledges. Examination of the pulp chamber floor revealed four
distinct canals: palatal, distobuccal, mesiobuccal-1 and mesiobuccal-2.
To preserve tooth structure, orifice openers or Gates Glidden burs were
not utilized during the instrumentation process. Patency was gained
with a K-file type #15 and working length was established using a Root
ZX apex locator (J. Morita, Irvine, CA). EndoSequence® (Brassler
USA®, Savannah, GA) rotary files 15/.04 were utilized to create a fluid
path prior to the GentleWave Procedure (Sonendo, Laguna Hills, CA).
Bleeding and pain occurred during the instrumentation process, and
the pulp appeared severely hyperemic within the palatal canal. A
temporary platform was created to maintain a sealed environment for
optimum MultiSonic UltraCleaning™ during the GentleWave
Procedure. Post GentleWave Procedure, an uninstrumented mesial
isthmus was visualized. The root canals were dried with paper points
and the canal orifices were sealed with cotton, followed by a layer of
Cavit™ (3M, Neuss, Germany) and then composite material. At the
conclusion of the root canal cleaning, the tooth was extracted for
further ex vivo analyses per the study protocol. Post-extraction, the
tooth was rinsed in a dental sink under running water to remove any
saliva and blood. The tooth was then placed in 1X phosphate-buffered
saline (PBS) solution pH 7.4 (Thermo Fisher Scientific, Fair Lawn, NJ)
and transported for ex vivo analyses. Post-treatment follow-up was
conducted 48 hours after the procedure, and the patient reported no
complications or discomfort.

Ex Vivo Analyses
Both teeth were prepared for ex vivo analyses in the following

manner: A diamond disc was used to score a groove around the entire
circumference of the cementoenamel junction, short of breaching the
pulp chamber. Air and light water spray was used to remove superficial
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debris from the external surface of the tooth. A #15 blade was inserted
into the score marks, and light successive taps with a hammer were
used to separate the crown from the roots. To separate the roots, the
diamond disc was used to score in-between the roots, without
breaching the pulp chamber or canals. Then the blade was inserted into

the score marks, and light successive taps with a hammer were used to
separate the roots. The roots were then split using the diamond disc to
score along the coronal/apical axis of the root, without breaching the
canal.

Figure 3: SEM Micrographs of the root canal wall after use of standard root canal therapy. Images obtained with SEM at different
magnification levels (DB: Distobuccal surface; MB: Mesiobuccal surface; P: Palatal surface).

The tooth halves were subjected to increasing concentrations of
ethanol (50%, 70%, 80%, and 100%) for serial dehydration. After the
final rinse, the surface of the root canal wall in each tooth was imaged
using SEM (Phillips XL30 FEG, FEI, Hillsboro, OR).

The root sections were observed using a standardized method per
Bechelli et al. [12]. Micrographs were taken of the root sections at
200X magnification for debris analysis and 1000X magnification for
smear layer analysis (Figures 3 and 4). Levels of debris and smear layer
removal were scored using the classification methods of Gutmann et al
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[13]. A score of 1-4 was assigned to each root surface to reflect debris
load and presence of residual smear layer.

Images from the SEM analyses revealed that both treatments
achieved significant reduction of debris and smear layer within the

treated canals, though the patient treated with the GentleWave System
had markedly less residual debris and smear layer (Tables 1 and 2).

Figure 4: SEM Micrographs of the root canal wall after use of the GentleWave Procedure. Images obtained with SEM at different magnification
levels (DB: Distobuccal surface; MB: Mesiobuccal surface; P: Palatal surface).

Discussion
The present case studies reveal the outcomes of two patients with

similar diagnoses, treated by the same clinician but receiving two

different endodontic treatment methods. The unusual aspect of these
case reports is that the patients received in vivo endodontic therapy
chairside, but the teeth were then extracted post-treatment.
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Root Apical Middle Coronal

Debris Smear Debris Smear Debris Smear

DB 2.5 4 2 2.5 1.5 1

MB1 3 4 1 3.5 1 1

MB2 3 4 1 1.7 1 1

P 3 4 1 4 1.5 2

Mean Score 2.9 4.0 1.3 2.9 1.3 1.3

SEM: Scanning Electron Microscope; *Higher scores indicate higher debris/smear layer present

Table 1: SEM Scores* Indicating level of residual debris and smear layer post-treatment: Case #1 (Standard root canal treatment).

Root Apical Middle Coronal

Debris Smear Debris Smear Debris Smear

DB 1 NA‡ 1 1 1 1

MB1 1 1 1 1 1 1

MB2 1 NA‡ 1 1 1 1

P 1 1 1 1 1 1

Mean Score 1 1 1 1 1 1

‡ No distinct file path due to minimal instrumentation.

SEM: Scanning Electron Microscope; *Higher scores indicate higher debris/smear layer present

Table 2: SEM Scores* indicating level of residual debris and smear layer post-treatment: Case #2 (GentleWave Procedure).

This allowed for exploratory ex vivo examination of the teeth,
including a thorough evaluation of the cleaning efficacy of the two root
canal cleaning methods.

Although mechanical cleaning is considered the most important
aspect of conventional RCT, residual biofilm and debris left in the
canals can compromise patient outcomes [14,15]. Standard RCT
cannot always reach throughout the complex and irregular anatomies
that make up a root canal system [16], which has prompted the
development of other root canal cleaning therapies, including the
GentleWave System. These novel devices on the endodontic market
have been shown to demonstrate improved debridement efficacy in the
canals [17-20].

After a patient receives RCT, it can be difficult to thoroughly gauge
the level of debridement achieved in the post-treatment setting, unless
an obvious clinical event such as infection or persistent discomfort
brings the patient back to the treating clinician [21]. In the clinical
scenarios described herein, we report on a unique presentation of
odontogenic therapies in human subjects, where there was immediate
evaluation of the efficacy of treatments through ex vivo analyses of the
treated teeth. This is the first known presentation of endodontically
treated teeth analyzed in this manner.

Because the treating clinician was the same for both cases, and
brought the same skillset and level of experience to each procedure,
one can presume that any differences in the findings are due to the
treatments themselves and are not skewed by operator variability. The

case reports reveal a number of findings; the therapeutic treatment
options both achieved reduction of debris and smear layer within the
treated canals. However, SEM analyses conducted ex vivo showed that
the patient treated with the GentleWave System had notably less debris
load and residual smear layer. Although it would be speculative to
compare the results between the two cases, the results suggest that the
cleaning process was significantly more complete with the GentleWave
Procedure as compared to standard RCT. This may be explained by a
number of factors, including the presence of less debris from the
instrumentation needed with the GentleWave System and its ability to
achieve a more rapid tissue dissolution rate and ultimately reduction in
bioload [17,20]. Further research is warranted.

Conclusion
In these case reports, the treating clinician provided in vivo

endodontic therapy to two patients using a different treatment
modality per patient. Extractions and ex vivo analyses were then
performed and similarities and differences in the level of debridement
in the root canal systems were observed between the two cases.
Accumulated debris and residual smear layer scores were substantially
lower in the patient treated with the GentleWave Procedure, though
caution is warranted in making comparisons between the two cases in
this exploratory exercise. Further research is ongoing to provide
additional evidence-based data regarding emerging therapeutic
options for the endodontic field.
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