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Abstract: The purpose of this report is to evaluate the applicability of a novel Print and Try technique in the presence of aberrant endodontic anatomies and to achieve a predictable treatment
with improved outcome. According to guidelines, cone beam computed tomography (CBCT) is
recommended in the presence of complex anatomies. The volumes were utilized to produce a
stereo lithographic (STL) file, from which a 3D-plastic tooth model including a hollow root canal
system was obtained. The 3D-patient-specific model facilitates the treatment planning and the trial
of therapeutic approaches. Using a transparent material, all the treatment steps could be directly
visualized. Subsequently, endodontic therapy could be performed in vivo with reduced operating
time and with a better overview. Clinicians benefit from the Print and Try technique when facing
a complicated root canal system with reduced stress and higher chances of success. In aberrant
endodontic anatomies, the use of a transparent 3D plastic model, derived from the CBCT dicom,
provides an exact preview of clinical challenges that will be met intra-operatively. A patient centered
tailored approach to shaping, cleaning, and filling strategies can be applied.
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1. Introduction
The main steps of root canal treatment are the shaping, cleaning, and filling of the root
canal system. Shaping, including mechanical debridement, allows the creation of the space
for medicament delivery and optimized canal geometries for adequate obturation [1–3].
Irrigation reduces friction between instruments and dentine, improves cutting effectiveness
of the files, dissolves tissue, cools files and teeth, and, above all, it provides an antimicrobial/antibiofilm effect [3–5]. Obturation allows the sealing of all portals of exit in order to
prevent leakage that may lead to a recurrent bacterial colonization [6].
The knowledge of the canal morphology and its frequent variations is a basic requirement to correctly perform the three steps above and to reach endodontic success.
Missed canals, short obturation and iatrogenic errors are among the major factors leading
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to unsuccessful outcome [7–9]. Furthermore, the inability to effectively shape and clean
complex anatomies leads to many efforts to systematically describe the diversity of canal
configurations [10–13]. The use of operative microscopy, cone beam computed tomography
(CBCT) and microcomputed tomography have increased the number of reports on complex
root canal anatomies previously ignored. Variations in root canal system configuration
have also been analyzed between genders and in patients belonging to distinct age groups
and ethnicities [14–22].
The difficulties in interpreting three-dimensional anatomy with conventional intraoral radiography have been overcome with the use of CBCT. Indeed, the appreciation of
complex root canal systems (e.g., dens invaginatus) is a suggested criterion for CBCT and
related software use in Endodontics [23–27]. CBCT imaging is often utilized clinically by
manually exploring the three axial planes (axial/frontal/sagittal), although the use of a
3D reconstruction has been demonstrated to improve the diagnosis and understanding of
the clinical case and to reduce the stress of the operator before the clinical procedure [28].
Moreover, CBCT with reduced field of view (FOV) and a reasonable exposure dosage
limits scattering phenomena and increases resolution, maintaining the principle as low as
reasonably achievable (ALARA) [23]. However, despite knowing the anatomy, determining
the appropriate cleaning and shaping instrument sequence may represent a challenge.
Recently, 3D-printing starting from CBCT data has been introduced, for both soft
and hard tissues [29]. When single extracted human teeth are digitalized by a CBCT
and reproduced by a stereolithographic printer, replicas with values of precision ranging
from 43.5 to 68.2 µm, very comparable (60%) or rather comparable (34%) to real teeth
were obtained [30]. Furthermore, patient-specific complete tooth analogues—with their
endodontic system—could be produced directly from the CBCT scan, eventually with
their supporting bone, obtaining a very high degree of similarity between 3D-printed
replicas and original elements [31]. Therefore, the creation of a low-cost environment for
enabling design and fabrication of patient-specific 3D-models in dental facilities becomes
an extremely interesting possibility [32].
Some applications have been already proposed, such as the development of tooth
replicas for students training [30,33] and of individualized reamer drills for allogenic tooth
transplantation [34].
A novel approach that could blend the educational and operative planning strategies
is being developed: a Print and Try technique could be very useful in the daily dental
practice of an Endodontist, consisting of a simulation method on a customized 3D-printed
model that let clinicians try a specific clinical treatment before reproduce it on patient.
Clinician can train on a 3D-printed tooth which replicates the same anatomical peculiarities
of the real one and find the best approach to be more confident during the real treatment.
A transparent material allows us to see through the root thickness during each step, and
find the more conservative way not only to locate the root canal orifice but also to choose
the best shaping, irrigation and filling technique, becoming at the same time an exact
pre-view of the future situation into the oral cavity.
The purpose of this paper is to describe two cases: a dens invaginatus type3a (Section 2.1)
and a molar with extremely curved and long canals (Section 2.2), where the Print and Try
technique allowed a comfortable management of the clinical procedure.
2. Case Description
2.1. Case 1
History and physical examination: A 35-year-old healthy female, without any history
of dental trauma, was referred to the endodontist for assessment of her upper right maxillary lateral incisor: she presented complaining of pain on the element 12, especially when
chewing, lingering for several days.
An extraoral examination did not reveal abnormalities. An intraoral examination
showed an aberrant coronal anatomy of element 12: the crown was wider mesially, with a
slight irregularity of the incisal edge, hence a dens invaginatus was suspected (Figure 1a);
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An extraoral examination did not reveal abnormalities. An intraoral examination
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showed an aberrant coronal anatomy of element 12: the crown was wider mesially, with
a slight irregularity of the incisal edge, hence a dens invaginatus was suspected (Figure
no
caries
or restoration
were were
detected.
1a);
no caries
or restoration
detected.
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Periapical
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showed
a
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invagination
separated
from
the
main
distal
invaginatus. (b) Periapical X-ray showed a mesial invagination separated from the main distal canal
canal (dens invaginatus type3a), with an apical radiolucent area. (c) CBCT confirmed these
(dens invaginatus type3a), with an apical radiolucent area. (c) CBCT confirmed these findings.
findings.
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canal, developing from a small distal chamber, was separated from the invagination at all
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levels; furthermore, it showed that the invagination was limited to the root, not involving
the clinical crown of the tooth, the periapical lesion was present both at the main and the
pseudo-foramina and that it had perforated both the buccal and the palatal cortical plate.
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were achieved.

Afterwards alveolar bone with and without the tooth was printed using the 3DSlicer
software and a Formlabs printer (Figure 3a,b); a specific tooth model was obtained through
a Meshmixer software and a Stratasys printer (Figure 3c).
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Afterwards alveolar bone with and without the tooth was printed using the 3DSlicer
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software and a Formlabs printer (Figure 3a,b); a specific tooth model was obtained
through a Meshmixer software and a Stratasys printer (Figure 3c).
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and
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design
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3D-model.(Leica,
Operative
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small-sized diamond burs (Komet, Lemgo, Germany) were used at this stage.
Hamburg, Germany) and small-sized diamond burs (Komet,
Lemgo, Germany) were
The shaping was performed following the ProtaperGoldTM sequence (Dentsply Maillefer,
used at this stage.
Charlotte, VA, USA), to size F1 20/.08, to minimize root canal transportation
(Figure 4a). The
The shaping was performed following the ProtaperGoldTM sequence (Dentsply
working length was 19 mm confirmed by an electronic apex locator (Dentsply Sirona,
Maillefer, Charlotte, VA, USA), to size F1 20/.08, to minimize root canal transportation
Charlotte, VA, USA). Irrigation was performed through a flexible plastic 30-gauge needle
(Figure 4a). The working length was 19 mm confirmed by an electronic apex locator
(IrriFlex® , Produits Dentaires, Vevey, Switzerland) using 5% sodium hypochlorite solution
(Niclor 5, OGNA, Pavia, Italy), followed by 17% ethylenediaminetetraacetic acid (EDTA
17%, OGNA, Pavia, Italy) (Figure 4b). Passive ultrasonic irrigation was carried out using
a cordless ultrasonic unit with a flexible tip (EndoUltraTM, MICRO-MEGA® , Besançon
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30-gauge needle (IrriFlex®, Produits Dentaires, Vevey, Switzerland) using 5% sodium
hypochlorite solution (Niclor 5, OGNA, Pavia, Italy), followed by 17%
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ethylenediaminetetraacetic acid (EDTA 17%, OGNA, Pavia, Italy) (Figure 4b). Passive
ultrasonic irrigation was carried out using a cordless ultrasonic unit with a flexible tip
(EndoUltraTM, MICRO-MEGA®, Besançon Cedex, France). Finally, the canal was filled
Cedex, France). Finally, the canal was filled with warm gutta-percha vertical technique
with warm gutta-percha vertical technique using cordless units (Fast Pack and Fast Fill,
using cordless units (Fast Pack and Fast Fill, Eighteeth, Shangai, China) (Figure 4c). The
Eighteeth, Shangai, China) (Figure 4c). The access cavity was restored with an adhesive
access cavity was restored with an adhesive composite restoration (Figure 4d). A final
composite restoration (Figure 4d). A final post-operative LCPA X-ray was taken (Figure
post-operative LCPA X-ray was taken (Figure 4e). At the same appointment, a flap was
4e). At the same appointment, a flap was opened (Figure 4f) and the granulomatous tissue
opened (Figure 4f) and the granulomatous tissue extending above the invagination and the
extending above the invagination and the main canal foramen was surgically removed
main
canal foramen was surgically removed (Figure 4g,h).
(Figure 4g,h).

Figure 4. Main clinical steps of case 1. Orthograde approach: (a) shaping with rotary files, (b) irrigation with a plastic needle, (c) gutta-percha filling, (d) conservative coronal restoration and
(e) periapical X-ray. Surgical approach: (f) Surgical flap design, (g) granulomatous tissue removal,
(h) resulting invagination access exposure which was prepared with ultrasonic tips and irrigated
with a plastic needle, (i) 3D-invagination filling with a putty bioceramic sealer and (j) periapical
X-ray after palatal and buccal membrane positioning.

irrigation with a plastic needle, (c) gutta-percha filling, (d) conservative coronal restoration and (e)
periapical X-ray. Surgical approach: (f) Surgical flap design, (g) granulomatous tissue removal, (h)
resulting invagination access exposure which was prepared with ultrasonic tips and irrigated with
a plastic needle, (i) 3D-invagination filling with a putty bioceramic sealer and (j) periapical X-ray
after palatal and buccal membrane positioning.
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The invagination was prepared with ultrasonic tips (KiS, Obtura Spartan
Endodontics, Algonquin, IL, USA) and irrigated with a sterile saline solution (Sodium
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with
a
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reapproximation and closure with an absorbable 5-0 suture. A post-surgical LCPA X-ray
were
prior
was positioned
taken (Figure
4j).to flap reapproximation and closure with an absorbable 5-0 suture.
A post-surgical
LCPA
X-ray
was taken
4j).
One week later, no
discomfort
has(Figure
been reported
and primary tissue healing had been
One
week
later,
no
discomfort
has
been
reported
and primary
tissue
had been
achieved, allowing sutures removal (Figure 5a). Clinical
(Figure
5b) healing
and radiographic
achieved,
allowing
sutures
removal
(Figure
5a).
Clinical
(Figure
5b)
and
radiographic
follow-up (Figure 5c,d) showed a positive outcome, with soft tissue and bone followhealing
up
(Figure 5c,d) showed a positive outcome, with soft tissue and bone healing progression.
progression.

Figure5.5.Tissue
Tissuehealing
healingafter
after (a)
(a) one
one week
week and
and (b)
Figure
(b) six
six months
months and
and(c)
(c)six-months
six-monthsand
and(d)
(d)twelvetwelvemonths radiographic follow-up.
months radiographic follow-up.

2.2.Case
Case22
2.2.
Historyand
andphysical
physicalexamination:
examination:AA16-year-old
16-year-oldotherwise
otherwisehealthy
healthyfemale
femalewas
wasseen
seen
History
in
emergency
because
of
pain
in
her
right
maxillary
region.
An
extraoral
examination
did
in emergency because of pain in her right maxillary region. An extraoral examination did
not reveal swelling or other abnormalities. An intraoral examination showed immediately
the presence of a lump on the buccal aspect of the tooth 26, which appeared not to be
completely erupted and with a typical aspect of dilacerated root morphology on 2D
radiographic imaging. A carious lesion was present on the same tooth and element 27 was
not erupted (Figure 6a).
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Figure 6.
6. (a)
Intraoral examination
examination showed
of element
element 2.6,
2.6, which
which appeared
appeared not
not to
to be
be completely
completely
Figure
(a) Intraoral
showed aa lump
lump on
on buccal
buccal side
side of
erupted and with a carious lesion. Element 2.7 was clinically absent. (b) Periapical X-ray showed dilacerated roots of
erupted and with a carious lesion. Element 2.7 was clinically absent. (b) Periapical X-ray showed dilacerated roots of
element 2.6, with a periapical lesion on the mesial-buccal one. Element 2.7 was not erupted, but present. (c) CBCT
element 2.6, with a periapical lesion on the mesial-buccal one. Element 2.7 was not erupted, but present. (c) CBCT confirmed
confirmed these findings and highlighted a periapical lesion also on the other roots.
these findings and highlighted a periapical lesion also on the other roots.

Tooth 26 did not respond to sensitivity testing and it was tender to percussion and
Tooth 26 did not respond to sensitivity testing and it was tender to percussion and
palpation, whereas the other elements responded normally. The electric pulp vitality test
palpation, whereas the other elements responded normally. The electric pulp vitality test
confirmed the pulpal necrosis of 26. Periodontal pocket values were between 1 mm up to
confirmed the pulpal necrosis of 26. Periodontal pocket values were between 1 mm up to
33 mm,
mm, without
without bleeding
bleeding on
on probing.
probing.
Imaging
Imaging examination
examination and
and diagnosis:
diagnosis: A
A pre-operative
pre-operative periapical
periapical image
image (Figure
(Figure 6b)
6b)
was
carried
out
by
long-cone
paralleling
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(CS
2200,
Carestream
Dental,
was carried out by long-cone paralleling technique (CS 2200, Carestream Dental, Rochester,
Rochester,
NY,
USA). Itthe
confirmed
presence ofmesiodilacerated
mesio- androots
disto-buccal
NY, USA). It
confirmed
presencethe
of dilacerated
and disto-buccal
and the
roots
and
the
diagnosis
of
chronic
periapical
periodontitis.
The
tooth
27
was
erupted
diagnosis of chronic periapical periodontitis. The tooth 27 was not eruptednot
because
of
because
aberrant
root morphology
of element.
the mesial element.
aberrantof
root
morphology
of the mesial
This
radiographyhad
had
important
the preliminary
assessment
of the
This radiography
anan
important
role role
in theinpreliminary
assessment
of the irregular
irregular
morphology
of
the
root
canal
system,
but
it
provided
only
a
2D-representation
morphology of the root canal system, but it provided only a 2D-representation of the
of
the complex
anatomy.
Therefore,
a small-FOV
CBCT (Figure
was indicated
based
complex
anatomy.
Therefore,
a small-FOV
CBCT (Figure
6c) was6c)
indicated
based on
the
current ESE guidelines. It provided a 3D image of the dilacerated tooth and its surrounding
tissues and helped to determine the exact position and angulation of the dilaceration
abnormality, which was found to also affect the palatal root. Apical radiolucencies were
detected within the woven bone surrounding the apices of all roots. These diagnostic
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findings could be obtained only with CBCT imaging. An orthograde primary root canal
treatment was recommended to the patient.
Print and Try technique and treatment planning: From the CBCT dicom file, an STL
file was converted to generate a whole image of the teeth and supporting bone in three
planes, thus allowing a better three-dimensional understanding of the structure involved
Appl. Sci. 2021, 11, x FOR PEER REVIEW
of 15
(Figure 7a–l); subsequently a 3D plastic model was obtained with a Stratasys printer,10
using
a clear material (Figure 7m).
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printed.

The 3D model, inclusive of its hollow root canal system, was used to carry out a mock
orthograde endodontic therapy, in particular the best access cavity was determined to
localize the position of each orifice in anticipation of the actual treatment. The canals were
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The 3D model, inclusive of its hollow root canal system, was used to carry out a
mock orthograde endodontic therapy, in particular the best access cavity was determined
to localize the position of each orifice in anticipation of the actual treatment. The canals
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After the Micro-Opener 10.04 use andchamber irrigation, (Figure 8b) the orifices were
enlarged with a TruNatomy™ Orifice Modifier 20.08 (TOM) (TruNatomy™, Dentsply
Maillefer, Charlotte, VA, USA) (Figure 8c). A temporary filling (Fuji IX, GC Italia, Milan,
Italy) was placed following dressing with calcium hydroxide.
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3. Discussion
Shaping, cleaning, and filling are the basis of a successful endodontic therapy [1–6],
and they must be performed to the current standards even when the root canal anatomy is
extremely complicated. CBCT imaging is recommended by the ESE guidelines in cases of
anatomical complexities because it improves diagnosis and treatment planning [23,24,27].
However, the choice of the best procedure and combination of materials could still be a
challenge, and treatment outcome could be questionable in case anatomy is only partially
dealt with. Fortunately, technology can support clinicians not only at the diagnostic but
also at the planning stages: the Print and Try technique could represent a useful method
to simulate the clinical treatment that will be carried out subsequently. Using CBCT
scan images, it is possible to extrapolate files that can be transformed in STL models and
then printed with a high-definition 3D-printer which deposes material in layers [30,31,36].
Clinicians can train on 3D-printed teeth and find the best approach in order to be more
confident during the real treatment. This approach does not disrupt the current clinical
approaches and steps as it does not require additional intra-operative lithographic stent or
specific tools.
The first case in which the Print and Try technique was adopted was a symptomatic
dens invaginatus type3a, with a suspected diagnosis hinted by the unusual crown morphology confirmed by both periapical X-ray and small FOV [35,37]. Different methods
had been already proposed or already applied to remove necrotic tissue and bacteria in a
tooth with a severe dens invaginatus type3a with periapical lesion [38]: the invagination
which separately communicates with the periodontal ligament space could undergo an
orthograde approach, usually managing the apical third with MTA or other hydraulic; if
the periapical lesion does not heal, a secondary surgical management should follow if not
planned at the outset. Alternatively, the invagination could be directly and completely
filled with hydraulic cements through a contemporary or immediate surgical access. The
main canal could be treated conventionally and completely sealed with gutta-percha. The
last options are replantation and even extraction. The customized 3D-model of the specific
tooth has been decisive in this case: through the transparent tooth the clinician realized
that a solely orthograde approach for both the main canal and the invagination would have
been unsuccessful because a direct access to the invagination was difficult and excessive
removal of dental tissue would ensue, especially on the mesial aspect. Therefore, a contemporary nonsurgical/surgical treatment was planned: an orthograde approach for the
main canal and an immediate surgical one for the invagination using a bioceramic putty
material to allow an easier application with a larger volume of material due to its inherent
flowability when dispensed from a syringe [39].
The second case was an upper left first molar affected by dilacerations, as the roots
showed a sudden change in the axial inclination in both the X-ray and small-FOV CBCT [40,41].
Dilacerations treatment is known to be complicated and the failure to maintain the root
canal curvature can result in iatrogenic errors including ledging, apical transportation
and zipping, perforation and instrument separation [40]. Some clinical advices have
been published: for instance, the access cavity should give a direct access to the apical
foramen and a scout file may provide critical information and facilitate the preliminary
canal negotiation [42]. In this specific clinical case, the endodontic steps were rehearsed;
especially the shaping phase where the movement of each file into the system was tried to
prevent any potential error during the actual treatment, which would have been extremely
difficult or impossible to rectify. Mini-invasive files allowed a limited but complete and
effective shaping of the root canal system [43,44].
In both cases the clinician felt more confident and less stressed during the clinical
stages; the appointments were also more comfortable for the patient being shorter. On
the other hand, the clinician spent time to learn to use 3D programs (which are free of
charge) and to plan the specific cases. However, the successful outcome with lack of
clinical symptoms and progressing radiographic periapical healing, even in the presence of
complex anatomies, support the usage of the Pritn&Try approach.
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A clear 3D-plastic tooth model including its root canal system represents an ideal
training ground for both the expert clinician facing a complex endodontic case and an
undergraduate student learning the basic stages of endodontic treatment. A Print and Try
approach has a clinical and educational value as it allows to decide the best treatment plan
and to practice each operative stage.
4. Conclusions
In complex endodontic anatomies, patient-specific 3D-models seem to facilitate treatment planning and, subsequently, they seem to make the actual therapy extremely precise,
increasing the comfort for clinicians and patients and positively influencing the outcome.
However, further studies dealing with a higher number of cases with long-term follow-up
are needed to evaluate if a statistically significant difference could be found in the treatment
outcomes using the Print and Try Technique.
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