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ABSTRACT
Aim and background: Debriding and disinfecting complex
anatomies within the root canal system pose a major challenge
during root canal therapy. Even with current chemomechanical
techniques, debris and bacterial remnants are commonly left
behind, which are generally believed to increase the risk of
endodontic failure. This case details the use of a new technique
to debride complex apical anatomy in a maxillary molar.
Case report: A 48-year-old female presented to the clinic with
a chief complaint of increasing pain in her tooth. Clinical examination of the right first maxillary molar (#3) revealed moderate
sensitivity to percussion and mild sensitivity to palpation. A pulpal
diagnosis of symptomatic irreversible pulpitis and a periapical diagnosis of symptomatic apical periodontitis were made.
Mechanical instrumentation was performed using rotary file size
#25/.04 for the mesiobuccal and distobuccal canals and size
#25/.06 for the palatal canal to create a fluid path and enable
obturation of the root canal system following the GentleWave®
Procedure. The GentleWave Procedure was completed using
Multisonic Ultracleaning™ for complete debridement and
disinfection of the root canal system. The tooth was obturated
using a warm vertical continuous wave obturation technique.
Postoperative radiographs revealed complex anatomy within
the apical third that was undetected both during pre-operative
radiography and mechanical instrumentation. The palatal canal
exhibited a complex apical delta with multiple points of exit, and
the mesiobuccal canal revealed an undetected lateral canal
within the apical third that had a separate and distinct egress.
Conclusion and clinical significance: It is important for the
clinician to debride and disinfect complex anatomy within the
root canal system to reduce the risk of endodontic failure. This
case report highlights the clinical significance of utilizing the
GentleWave Procedure for detecting complex apical anatomy
during endodontic therapy.
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AIM AND BACKGROUND
Complex anatomies present within the root canal system
are known to contribute to endodontic failure.1,2 They
provide challenges during detection and navigation
which ultimately lead to debris and bacteria unknowingly remaining, even after chemomechanical endodontic
therapy methods.3 The presence of untreated complex
anatomy after the completion of endodontic therapy
is generally believed to increase the risk of endodontic
failure.1-3 Due to the difficulty of detecting and endodontically managing complex root canal anatomy, its clinical
significance to endodontic therapy success has been a
subject of debate, yet clinicians agree it is preferable to
debride and disinfect complex anatomy to mitigate the
risk of recurrent infection.
Complex anatomy can present as one or more configurations of root curvatures, lateral and accessory
canals, ramifications, isthmi, bifurcations, and apical
deltas, among others. Lateral canals, for example, occur
in 27 to 60% of teeth.4-8 The presentation of lateral canals
appears to be increased in teeth with failed root canals as
reported by Wada et al,9 who reported that 70% of cases
with refractory apical periodontitis that did not respond
to non-surgical root canal treatment had lateral canals.
Lateral canals are most frequently located in posterior
teeth as well as in the apical 3 mm of a canal but can be
found throughout the root canal systems of all teeth.
Lateral canals that connect to the main root canal are
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created during the formation of dentin in the root when
the sheath grows around existing blood vessels.4 Dentin
does not form where lateral canals are created but instead
gives rise to a canal containing small blood vessels and
nerves.3 Therefore, these lateral canals comprise pathways through which bacteria, and their byproducts,
might reach the periodontal ligament and cause disease.3
Due to the natural anatomical configuration of lateral
canals and other complex anatomies, appropriate endodontic therapies to effectively debride, disinfect, and
obturate are required to close the pathways of infection to
the periodontal ligament, and thus prevent the initiation
or exacerbation of apical periodontitis.
Complex anatomy is difficult to predict and detect
preoperatively, thus making these naturally occurring
morphologies and varying canal configurations a challenge for debridement, disinfection, and obturation.10-12
This is primarily due to the limitations of standard
techniques, such as film and digital radiography, which
has demonstrated low diagnostic accuracy for such
anatomies. Scarfe et al13 demonstrated low sensitivity,
specificity, and negative predictive values for both lateral
and accessory canals, even when radiopaque material
was introduced. Sousa et al14 sought to locate lateral
canals with cone-beam computed tomography but also
reported low diagnostic accuracy at detecting lateral
canals. Hence, clinicians are often unaware of complex
anatomy, which may increase the risk of endodontic
failure if left untreated.
The presence of complex anatomy is associated with
endodontic failure.3,5-8 This is likely because conventional
chemomechanical preparation techniques fail to adequately debride and disinfect all complex anatomy. Song
et al1 reported that complex anatomy and missing canals
were the cause of 8.7 and 19.7% of failed cases respectively,
in 493 root-canal-treated teeth. Hoen and Pink15 reported
even higher failure rates: missed canals were the primary
cause of failure in 42% of 1,100 failed root canal treatments. In fact, partial removal of necrotic tissue from the
entrance of lateral canals does not reduce inflammation
or infection associated with periradicular disease, indicating that apart from simply detecting complex anatomy,
better techniques to prevent the onset or exacerbation of
apical periodontitis are needed.3 Currently, an endodontic
therapy has been reported to meet the demands for a more
effective method of debridement and disinfection of the
root canal system. This innovative endodontic therapy
is the GentleWave Procedure. It is designed to deliver
distilled water, sodium hypochlorite (NaOCl), and ethylenediaminetetraacetic acid (EDTA) throughout the root
canal system using advanced fluid dynamics, acoustics,
and tissue dissolution chemistry. Utilizing multisonic
ultracleaning, the GentleWave Procedure debrides and
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disinfects areas of the root canal system often untouched
or undetected by standard techniques. In a study comparing the GentleWave System, standard needle irrigation, the Piezon Master 700 (EMS, Dallas, TX) ultrasonic
system, and the EndoVac (SybronEndo, Orange, CA)
negative-pressure irrigation system, Haapasalo et al16
reported the GentleWave Procedure provided seven
times faster tissue dissolution in comparison with other
systems. In apical pressure testing, when teeth were filed
from size 15/.04 to perforating the apical foramen with
file size #40, the GentleWave Procedure created negative
apical pressure compared with standard needle irrigation which created positive apical pressures.17 Molina et
al18 revealed debridement capabilities of 97.2% for the
GentleWave Procedure and 67.8% for standard root canal
therapy in a histology study on mesiolingual and mesiobuccal roots of endodontically treated molar teeth. Longterm healing rates following endodontic therapy with
the GentleWave Procedure demonstrate 97.4 and 97.3%
respectively, success at 6 and 12 months, respectively.19,20
This case report describes endodontic therapy of a
maxillary molar first molar with complex canal anatomy
within the apical third of the root canal system that was
undetected until post-obturation radiographic review
after utilizing the GentleWave Procedure for cleaning and debridement. The postobturation radiograph
demonstrates the presence of multiple exits for a palatal
apical delta; the mesiobuccal root exhibited a distinct
lateral canal, neither of which was visible during the
preoperative radiographic examination nor throughout the instrumentation process. These complex apical
anatomies were debrided and disinfected only through
the GentleWave Procedure. This anatomy only became
visible upon postobturation radiography.

CASE REPORT
A 48-year-old female with a history of hypertension was
referred for endodontic evaluation of the maxillary right
first molar. The patient presented to the clinic with a chief
complaint of slowly increasing pain. The patient reported
a current pain level of 8 on a 10-point verbal pain scale.
Clinical examination of the right first maxillary molar
(#3) revealed moderate sensitivity to percussion and a
mild pain response to palpation. The patient reported a
recent mesio-occlusal restoration which was noted and
confirmed as having been placed 1-month prior. In addition, two older buccal and distolingual restorations were
also visualized. No mobility or soft tissue lesions were
noted. Vitality testing with a carbon dioxide ice stick elicited an immediate response. Radiographic examination
revealed a deep mesio-occlusal restoration; no furcation
or root resorption was found to be present on the subject
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Figs 1A to C: Preoperative clinical and radiographic appearances of maxillary right first molar. (A) Preoperative periapical radiograph,
(B) bitewing radiograph highlighting depth of mesio-occlusal restoration as well as the older buccal and distolingual restorations,
(C) preoperative intraoral view of maxillary right first molar

Fig. 2: Schematic of the GentleWave procedure

tooth (Fig. 1). The patient’s history of symptoms and the
clinical examination indicated a pulpal diagnosis of symptomatic irreversible pulpitis and a periapical diagnosis of
symptomatic apical periodontitis. After a review of options
with the patient, endodontic therapy was recommended
to retain the tooth and the patient consented to care.
A standard anesthesia protocol was administered
using 2% lidocaine (36 mg) with 1:100,000 epinephrine
and 0.5% Marcaine (9 mg) with 1:200,000 epinephrine
through buccal and palatal infiltration (The Wand®, Single
Tooth Anesthesia® System, Milestone Scientific, Inc.,
USA). Therapy was completed after single tooth isolation
with a dental dam and a dental operating microscope
(Global™ Surgical Corporation, USA).
A minimally invasive, straight-line endodontic access
opening was created. Upon entry to the pulp chamber,
initial examination of the floor revealed three distinct
canals: palatal, distobuccal, and mesiobuccal. The mesiobuccal-2 canal did not appear to open into the pulpal
floor. After patency and working length were established,
mechanical instrumentation was performed to create a
fluid path for the GentleWave System, a debridement and

disinfection technique, and obturation of the root canal
system (Fig. 2). Instrumentation was completed to a final
file size of EdgeFile® X7 (EdgeEndo™, Albuquerque, NM)
size 25/.04 for the mesiobuccal and distobuccal canals and
EdgeFile® X3 size 25/.06 for the palatal canal.
Before initiating the GentleWave Procedure, a temporary build-up utilizing Kool-Dam™ (PulpDent®,
Watertown, USA) was placed to maintain a sealed
environment for the facilitation of optimum Multisonic
Ultracleaning™. Distilled water, NaOCl, and EDTA were
delivered throughout the root canal system utilizing
the GentleWave Procedure. Obturation was completed
with gutta-percha and AH Plus® (Dentsply, Tulsa Dental
Specialties, Tulsa, OK) sealer using a fitted gutta-percha
cone adapted using a continuous-wave warm vertical
compaction technique followed by a warm vertical backfill and final compaction. Final periapical radiographs
were taken after the access cavity was sealed.
Upon completion of endodontic therapy with the
GentleWave Procedure, postoperative radiographs
revealed complex anatomy within the apical third, which
was undetected during both pre-operative radiography
and mechanical instrumentation (Figs 3 and 4). The
palatal canal exhibited a complex apical delta containing multiple points of exit, which were visualized in
different radiographic angulations. In addition, the
mesiobuccal canal revealed an undetected lateral canal
within the apical third that had a separate and distinct
egress. These previously undetected complex anatomies
occurred within two of the three root canals and presented clinically as significantly obturated root canals.
On clinical contact with the patient 1-day postoperatively,
the patient reported no concerns and the self-reported
pain level decreased from 8 points to a 3 on the 10-point
verbal numeric pain scale. Two days posttreatment, the
self-reported pain level was zero. A cast restoration was
not yet in place, and the patient was reminded to not bite
or chew on the tooth until the tooth was fully restored.
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Figs 3A and B: Postoperative periapical radiograph of maxillary right first molar highlighting the obturated lateral canals
in the apical region

Fig. 4: Postoperative periapical radiography highlighting complex apical anatomy

CONCLUSION
Although the success rates of nonsurgical endodontics
have been consistent over the years, failures are attributed to various causes including untreated canals.1,2,7,8
Successful healing is largely dependent on the elimination
of debris and bacteria to prevent the onset or exacerbation
of apical periodontitis. Even when complex anatomy is
not present, approximately 35 to 50% of the root canal
system can remain untouched after endodontic therapy
is completed.21,22 When complex anatomies are present,
these inaccessible regions require greater reliance on
debridement and disinfection techniques relative to the
rest of the root canal system.23 Complex anatomy also
creates further procedural difficulties, which can leave
debris and bacteria behind inadvertently.3 Research
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demonstrates that bacteria remaining after endodontic
therapy typically resides in complex anatomical regions,
such as the lateral canals and isthmi.18,24,25
New endodontic technologies have emerged in the
last few decades, which aimed at addressing current
limitations. Although many endodontic therapies have
been introduced, including negative-pressure irrigation,
ultrasonic irrigation, sonic irrigation, laser, and photoinduced photo-acoustic streaming (PIPS), none have
provided sufficient evidence of adequate debridement
and disinfection within the root canal system to prevent
the onset and exacerbation of apical periodontitis.19,26-28
Unfortunately, the safety, efficacy, and reliability of
such devices are not well-established.26-30 For example,
because positive pressure is created at the apex with
PIPS and standard needle irrigation systems, irritants
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may extrude apically and result in adverse events.29
A negative-pressure irrigation system, the EndoVac
System (Danaher, Kerr Endodontics, Orange, CA), was
reported to have similar rates of debridement to conventional needle irrigation and was unable to remove
all debris from complex anatomy.31,32 In terms of the
insufficiency of the standard endodontic techniques in
debridement and disinfection, long-term success may
be unsustainable.26,27,29,30,33 Reports demonstrate that
long-term healing rates for these endodontic therapies
are hindered in part due to the necessary removal of
additional natural tooth structure for sufficient penetration of irrigants into the apical third of the root canal
system.33,34 The need for more progressive innovation to
enhance debridement and disinfection has only grown
as ongoing endodontic therapy inadequacies continue
to present themselves.
A new multisonic approach, the GentleWave Procedure,
has been reported to show promising results for thorough debridement and disinfection, and more recently,
long-term healing rates after root canal treatment. The
GentleWave System utilizes advanced fluid dynamics, acoustics, and tissue dissolution chemistry to more
thoroughly debride and disinfect the entire root canal
system. Reaching areas of the root canal system often
untouched or undetected by standard root canal therapy
has been an essential challenge in endodontics to this day.
A multicenter, prospective clinical study in 89 molar teeth
treated with the GentleWave Procedure demonstrated
that patients had no severe or moderate post-treatment
pain in the first two postoperative days and had no incidence of pain reported by day 14.20 In this study, 92.1% of
patients were treated in a single visit with the GentleWave
Procedure. The study showed a 92.9% healing rate for
patients whom had a necrotic lesion preoperatively, and
the overall healing rate was 97.4% after 12 months.20 A
meta-analysis by Ng et al33 reported the weighted success
rate of standard endodontic techniques was 67.7%.
Murphy et al35 also reported similar results; retrospective
healing rates were 70.6% following standard nonsurgical
endodontic therapy.
Irrigation fluids have limited access to the apical 3
mm of the root canal system during endodontic treatment.24 However, Vandrangi36 reported that NaOCl
penetration in the apical third was four times more
effective with the GentleWave Procedure than active
ultrasonic activation. The GentleWave Procedure has
also shown minimal dentin erosion. 37 Debridement
efficacy of the GentleWave System was shown by Ma et
al,38 who demonstrated that calcium hydroxide removal
in the apical third of mesial and distal molar canals was
98.78 to 100% using the GentleWave System compared

with 47.82 and 77.68% using conventional irrigation.
In addition, the GentleWave Procedure demonstrated
to remove 99.85 to 99.97% of calcium hydroxide within
90 seconds when using water and no instrumentation.38
In another study, Molina et al 18 demonstrated that
the GentleWave Procedure debrided 98.3% of isthmi
regions, whereas conventional rotary instrumentation
with needle irrigation was only able to debride 64.3%
of isthmi regions. When complex anatomies are successfully debrided after endodontic therapy utilizing
the GentleWave Procedure, as in this case report, they
have the ability to prevent the onset or exacerbation of
apical periodontitis.
This present case report features a maxillary molar
with undetected complex apical root canal anatomy
before utilizing the GentleWave Procedure. The complex
anatomies include the palatal canal with an apical delta
containing multiple exits and the mesiobuccal canal with
a distinct lateral canal. These complex anatomies were
not evident on pre-operative radiography, and indeed
the literature provides evidence that it is extremely difficult to visualize this intricate anatomy with any of our
presently available radiographic technologies. Although
these complex anatomies did not become evident during
instrumentation, had they been visualized literature
shows that it would have been a challenge to navigate,
debride, and disinfect them with standard endodontic
therapy. Residual debris and bacteria would likely have
remained in the complex anatomies following standard
endodontic therapy and increased the risk of endodontic
failure. Using the GentleWave Procedure, the complex
anatomies in the apical region were detected, debrided,
and disinfected, thus allowing for their subsequent
clinically significant obturation. As a result, the patient
experienced relief from pain and a favorable endodontic
treatment outcome.

Clinical Significance
This case report highlights the clinical significance of utilizing the GentleWave Procedure for undetected complex
apical anatomy during endodontic therapy. It is critical to
be aware of the prevalence of complex anatomy within
root canal systems and the risks if these anatomies are left
undetected and untreated. The GentleWave Procedure
presents as a minimally invasive endodontic therapy to
more effectively debride and disinfect the entire root canal
system. Moreover, it has the technological capabilities to
debride and disinfect these integral complex anatomies
which are often inaccessible through standard endodontic
therapies. Although further research is needed utilizing larger patient populations, the GentleWave System
shows promise for successful management and improved
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endodontic treatment outcomes for undetected complex
apical anatomies.
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