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Abstract
Introduction: Primary root canal treatment success depends on a number of variables, including debridement
and disinfection of the root canal system to remove all bacteria and diseased pulpal and dentinal tissues. Complex
root canal anatomy, such as concealed isthmuses, apical deltas and lateral canals, hinder this objective, making
instrumentation of these regions nearly impossible. Recent advancements within the endodontic space have
focused on improved cleaning and disinfection techniques that will enhance cleaning and debridement, even in
difficult to navigate anatomy within the apical third.
Background: This case study explores the effectiveness of the GentleWave® Procedure in treating a maxillary
second molar diagnosed with irreversible pulpitis and symptomatic apical periodontitis that also featured complex
apical root canal anatomy that was undetected until obturation was completed.
Methods: A minimally invasive endodontic protocol was utilized to maximize preservation of tooth structure. The
tooth was conservatively accessed followed by minimal instrumentation to a size 25/04 for creation of a fluid path
and to facilitate future placement of root canal obturation material. Multisonic Ultracleaning™ and debridement were
accomplished with the GentleWave Procedure. After obturation with gutta-percha and sealer, a final radiograph
revealed a clinically significant obturation with previously unseen lateral canals and an isthmus within the apical
third.
Results: The previously diagnosed symptomatic apical periodontitis had fully resolved by the three-week followup visit. This case report demonstrates a viable minimally invasive endodontic treatment for uncovering root canal
systems with complex apical anatomy utilizing the GentleWave Procedure.
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Introduction
Successful non-surgical endodontic therapy is generally dependent
on two main factors: the elimination of bacteria from the root canal
system, and the prevention of reinfection. The success rate of nonsurgical endodontics has been fairly consistent over the years, ranging
from 67-80% [1-4]. Of the cases that do fail, a plethora of potential
causes have been attributed, including untreated canals [5], the
persistence of bacteria, and instrumentation errors such as the creation
of perforations and ledges. The presence of complex root canal
anatomy can contribute to all of these causes of failure [6,7]. Lateral
and accessory canals, bifurcations, isthmuses, apical deltas, and curved
roots can be both difficult to locate and to navigate, leading to bacteria
being inadvertently left behind [8]. Such tortuous root canal systems
contain inaccessible regions that demand a heavier reliance on
debridement and irrigation techniques to disinfect the inaccessible
regions prior to obturation [9].
In a review of available clinical study literature, healing rates
following endodontic treatment vary when performed with different
endodontic techniques [1-4]. The rate of healing after non-surgical
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endodontic therapy has been reported by Murphy et al. [4], as 70.6%.
In the CONSORT clinical trial, 67% of treated teeth were healed when
endodontic treatment was performed with a minimum nickel-titanium
rotary file size of #35 along with irrigation of 5.25% sodium
hypochlorite [2]. One report by Pettiete et al. [3], showed NiTi-files
were successful in 80% of the treated teeth and K-files in 43% of
treated teeth. A meta-analysis performed by Ng et al. [1],
demonstrated weighted-pooled success rates of 67.7% as determined
by healing for endodontic treatment. These varying endodontic success
rates expose the need for an endodontic technique that can provide
consistent success rates achieved from effective debridement and
disinfection.
Current endodontic techniques include mechanical instrumentation
and irrigation. Mechanical instrumentation is required to enlarge the
root canals to allow for access of irrigants [10]. Therefore, larger apical
preparations and tapers have been related to improved disinfection
and cleaning procedures [11,12]. The challenge with apical
enlargement is the various complications it can lead to, including
apical transportation, ledges, and instrument separation, as well as the
removal of greater natural tooth structure, which may lead to root
fractures [13]. In addition, after mechanical instrumentation up to
35-50% of the root canal system may remain untouched, regardless of
the file system used for cleaning and shaping [14,15]. Irrigants that are
commonly used in combination with mechanical instrumentation
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include sodium hypochlorite (NaOCl) and chlorhexidine (CHX).
These irrigants have traditionally been delivered into the root canal
system via syringes and metal irrigation needles of various sizes. Yet
historically, these irrigants have limited access to the apical 3 mm of
the root canal during standard root canal treatment [16]. In addition,
syringe based irrigation is reported to display weaker than optimal
shear force on the canal wall than necessary for debriding biofilms [9].
This standard approach often yields less than ideal results, particularly
when attempting to reach more peripheral regions, such as lateral
canals, isthmuses, and the apical region [17], and therefore the need
for more effective endodontic techniques has grown.
The past two decades have witnessed an explosion in advanced
dental technology, some of which has taken aim at addressing
shortcomings in the field of endodontics. Many of these endodontic
advances have centered around improving cleaning techniques. These
have included ultrasonic irrigation, negative pressure irrigation, sonic
irrigation, photo-induced photo-acoustic streaming (PIPS), and laser
technologies, but most have yielded disappointing study results to date
[18-21]. According to the literature, the safety, effectiveness and
reliability of these technologies have come into question [19,20,22,23].
Photo-induced photo-acoustic streaming and conventional needlesyringe configurations may result in extrusion of irrigants caused by
positive pressure at the apex [22]. Long term success may be
unsustainable due to the insufficient tissue, debris and biofilm cleaning
with even contemporary techniques [1,19-20,22,23]. The EndoVac
System (Discus Dental, Culver City) has been shown to have similar
rates of cleaning to a conventional needle irrigation system and is not
able to successfully remove all debris from complex anatomy [24,25].
Reports demonstrate long-term healing rates are hindered by increased
dentin removal required to facilitate penetration of irrigants into the
apical third of the root canal system using these techniques [1,26].
One of the more recent technologies aimed at improving root canal
cleaning is the GentleWave® System (Sonendo, Laguna Hills, CA). The
GentleWave® Procedure is completed utilizing Multisonic
Ultracleaning™ where cavitation propagates multisonic acoustic waves
throughout the root canal system and enhances root canal cleaning
and disinfection through advanced fluid dynamics, acoustics, and
tissue dissolution chemistry [27-29]. Haapasalo et al. [30], reported
seven times faster tissue dissolution with the GentleWave System than
standard root canal techniques, including the use of sonic and
ultrasonic devices. Sodium hypochlorite penetration in the apical third
was approximately four times greater with the GentleWave System
than active ultrasonic activation, yet the system has been shown to
cause minimal dentin erosion [27-29]. In addition, the GentleWave
System has been reported to be effective in removing separated hand
files from the apical and middle thirds of molar root canal systems
without the need for increased canal enlargement. Clinical studies
evaluating the GentleWave Procedure have demonstrated high success
rates of 97% at 6 and 12-months after the GentleWave Procedure
[18-32].
This present case report depicts the endodontic treatment of a
maxillary second molar with complex apical root anatomy that was
revealed after utilizing the GentleWave Procedure. In addition to the
presence of a second mesiobuccal canal, the tooth featured multiple
lateral canals and an isthmus in the apical third, which were not
visualized in the initial periapical radiograph and became evident only
after treatment with the GentleWave Procedure and subsequent
obturation.
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Case Report
A 44-year old female with a history of hypertension was referred for
endodontic evaluation. The patient presented to the clinic with a chief
complaint of extreme cold sensitivity, and pressure with pain when
biting. The patient reported a current pain level of 3 on a 10-point
verbal pain scale.
Clinical examination of the second right maxillary molar (#2)
revealed sensitivity to percussion, selective biting pressure on the
mesiobuccal and distobuccal cusps, and buccal sensitivity to palpation.
No mobility, soft tissue lesions, furcation involvement, or root
resorption was noted. Vitality testing with a carbon dioxide ice stick
was inconclusive; however, cold water administered via monojet
syringe elicited an immediate response and duplicated the spontaneous
throbbing pain the patient had reported. Radiographic examination
demonstrated a minor preexisting restoration on the subject tooth
(Figure 1).

Figure 1: Preoperative Periapical Radiograph of Tooth #2.
Based on the patient’s self-reported history of symptoms and clinical
findings, a pulpal diagnosis of symptomatic irreversible pulpitis,
secondary to cracked tooth syndrome, and a periapical diagnosis of
symptomatic apical periodontitis was made. After a review of patient
options, root canal treatment was recommended in an attempt to
salvage the tooth and the patient consented to treatment.
A standard anesthesia protocol was administered using 2%
lidocaine (72 mg) with 1:100,000 epinephrine and 0.5% bupivacaine
hydrochloride (9 mg) with 1:200,000 epinephrine via buccal and
palatal infiltration (The Wand®, Single Tooth Anesthesia® System,
Milestone Scientific, Inc., USA). The tooth was isolated with a dental
dam and all treatment was completed under a dental operating
microscope (Global™ Surgical Corporation, USA).
A minimal, straight-line, conservative endodontic access opening
was created with a 245 bur (SS White®, USA). Upon entry to the pulp
chamber, the 245 bur was changed to an Endo-Z™ bur (Dentsply
Maillefer, Switzerland) to outline the pulpal floor and provide a file
glide path. Initial examination of the pulp chamber floor revealed no
catastrophic internal fracture line in the pulp chamber. There were
three distinct canals noted: palatal, distobuccal, and mesiobuccal-1.
Cone-beam computed tomography (CBCT) from a previous
examination had revealed the radiographic presence of a
mesiobuccal-2 canal. Light troughing excavation with stainless and
tungsten steel burs coupled with magnification revealed the presence
of the mesiobuccal-2 canal. Mechanical instrumentation began with 6
K-type files and led to a final file size of EdgeFile® X7 (EdgeEndo™,
Albuquerque, NM) rotary file size 25. Instrumentation was performed
to create a fluid path and enable obturation of the root canal system
following the GentleWave Procedure.
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In order to maintain a sealed environment for optimum Multisonic
Ultracleaning during the GentleWave Procedure, a temporary build-up
utilizing Kool-Dam™ (PulpDent®, Watertown, USA) was placed. The
GentleWave Procedure was then completed to deliver distilled water,
sodium hypochlorite and ethylenediaminetetraacetic acid (EDTA)
throughout the root canal system. After drying the root canals, reexamination of the pulp chamber revealed no internal fractures.
Obturation was completed with gutta-percha and AH Plus® Sealer
(Danaher, Kerr Endodontics, Orange, California), using a continuous
wave warm vertical compaction technique followed by a warm vertical
backfill. The access cavity was sealed with composite and final
periapical radiographs were taken.
Post-operative radiographs taken at the completion of the
endodontic treatment (Figure 2) revealed complex apical anatomy that
was previously unrealized prior to the GentleWave® Procedure. These
complex anatomies occurred within three of the four root canals of the
tooth and presented as multiple lateral canals within the apical region
of the palatal canal and an isthmus joining the two mesiobuccal canals.
All complex anatomies were visible as clinically significant obturation.

Figure 2: Postoperative Periapical Radiographs of Tooth #2. The two
periapical radiographic angles highlight the complex apical
anatomy visualized post obturation which is most likely attributed
to the cleaning and debridement ability provided by the
GentleWave® Procedure.
When the patient was contacted for a post-operative follow-up, the
patient reported a pain level of zero on a 10-point verbal pain scale. At
the 1-week recall, clinical examination revealed mild sensitivity to bite
pressure via a cotton roll however, no sensitivity to percussion or
palpation and no mobility or soft tissue lesions were noted. By the 3week recall, the patient was asymptomatic and no further clinical signs
or symptoms were present. A cast restoration was not yet placed, and
the patient was reminded not to bite or chew on the tooth until
protected. Apparent complete resolution of the apical periodontitis was
noted.

Discussion
According to the literature, teeth with complex root anatomy are
more susceptible to endodontic treatment failure. Tabassum et al.
reported the incidence of missed canals to be the main cause of failure
in 42% of 1100 failed root canal treatments [7]. An analysis by Song et
al. revealed the causes of failure among 493 of root canal treated teeth
were due to a missing canal in 19.7% of cases and due to anatomical
complexity in 8.7% of cases [6].
The naturally occurring complex root canal morphologies, such as
lateral canals, isthmuses, fins, C- and S-shaped canals, and varying
other canal configurations, are relatively common and present
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additional challenges in cleaning, shaping, and obturation [33-35].
Studies show that 29.4% of maxillary molars have lateral canals and
20.2% of distal roots in molars exhibit isthmuses [36-39]. These lateral
canals and isthmuses are nearly impossible to instrument and can only
be cleaned by effective antimicrobial irrigation. Literature indicates
that in the past, sealing lateral canals has only been moderately
successful [40]. After endodontic instrumentation, anatomical
variations typically contain tissue remnants, bacteria, and dentin
shavings that inhibit the ability of irrigation fluids to reach areas of the
root canal system [41,42]. Additionally, over-enlargement or excess
dentin removal from instrumentation can result in perforation, root
fractures or other endodontic mishaps [12,43,45]. Therefore, the need
for newer, more innovative technology to enhance cleaning and
irrigation for endodontic therapy has only grown as the understanding
of the true complexity of the naturally occurring root canal system is
understood.
An endodontic treatment, the GentleWave Procedure, was thus
designed to improve cleaning and disinfection utilizing Multisonic
Ultracleaning. The GentleWave Procedure delivers distilled water,
sodium hypochlorite, and ethylenediaminetetraacetic acid (EDTA)
throughout the root canal system using advanced fluid dynamics,
acoustics, and tissue dissolution chemistry to clean and disinfect the
entire root canal system, even in areas of the root canal system often
untouched or undetected by standard techniques. Haapasalo, et al.
[30], reported the GentleWave Procedure provides seven times faster
tissue dissolution than standard root canal therapy devices, including
ultrasonic based irrigation devices. Clinical study results on apical
pressure testing, as published by Haapasalo et al. [45], show negative
pressure being generated at the apex when utilizing the GentleWave
Procedure as compared to positive apical pressures being generated
when using syringe irrigation devices. A histological study of 45
endodontically treated molars compared root canal debridement
efficacy of standard rotary instrumentation with needle irrigation
versus minimal instrumentation with the GentleWave Procedure.
Results revealed 97.2% cleaning and debridement capabilities for the
GentleWave System as compared to 67.8% for standard root canal
therapy [46].A multicenter, prospective study of 75 molars treated with
the GentleWave Procedure showed a 97% success rate at 12 months
with 96.2% of patients being free from severe and moderate posttreatment pain in the first two postoperative days and no incidence of
pain reported by day 14 [32].
As discussed, irrigants have limited access to the apical 3 mm of
the root canal system during endodontic treatment [16]. The
GentleWave Procedure however, shows promise for cleaning this
region. Vandrangi, et al. [27], reported that sodium hypochlorite
penetration in the apical third was four times more effective with the
GentleWave Procedure than active ultrasonic activation, yet the
GentleWave Procedure was shown to cause minimal dentin erosion
[29].When complex anatomies are successfully obturated after utilizing
a minimally invasive endodontic protocol with the GentleWave
Procedure, as in this case report, it implies that cleaning has occurred
in the area of the root canal system untouched by the endodontic files
during the procedure.
This present case report features a complex apical anatomy in three
of the four canals of a maxillary second molar. The palatal canal
contained multiple lateral canals and the two mesiobuccal canals were
joined through an isthmus, all within the apical thirds of the canals.
These apical complex anatomies were not evident on the initial
periapical radiographs or during the minimal shaping process,
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although it should be noted that navigating these anatomies via
mechanical instrumentation would not have been possible even if they
had been detected. Improper cleaning and debridement of these
complex anatomies would likely have resulted in residual bacteria,
debris or smear layer, and would have greatly increased the chances of
postoperative pain and endodontic failure. The apical cleaning and
debridement within the apical third using the GentleWave Procedure
allowed the subsequent obturation of these complex anatomies and
likely contributed to the patient’s favorable endodontic outcome.

Conclusion
In the present case report, the lateral canals and the isthmus in the
apical region were neither visible nor accessible for instrumentation or
irrigation with standard endodontic techniques. Furthermore, had
they been visible, any attempts to navigate such complex apical
anatomies would have required excessive dentin removal to access,
putting the tooth at higher risk for file separation, perforation or root
fracture, and compromising the overall integrity of the tooth structure.
By using the GentleWave Procedure, the complex apical anatomies
were debrided and disinfected, and the canals were minimally
instrumented. This report demonstrates the GentleWave Procedure as
a viable endodontic treatment option for uncovering complex apical
anatomies while providing the added benefit of conserving more tooth
structure through minimally invasive techniques.
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