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Anatomical variations of the root canal system of mandibular molars are common and often present
challenges for endodontic treatment. In some cases, an additional root is located in the distolingual, radix
entomolaris (RE), or more rarely in the buccal, radix paramolaris (RP). This case report illustrates rare
nonsurgical retreatment of the complex root canal morphology of a RP and demonstrates the utility of cone-

Keywords: beam computed tomography (CBCT) and 3D printing in managing such a case. Underscored is the need for
Radix paramolaris clinicians to understand the possible variations of root canal morphology of mandibular molars and the role
3D printing CBCT imaging can play in addition to periapical radiographs in order to successfully treat a tooth with radix
root canal anatomy paramolaris.

cone-beam computed tomography
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Introduction

Efficient and effective root canal treatment obviously requires an
understanding of root canal anatomy. Typically, mandibular molars have
two roots, and they most commonly present with two canals in the mesial
root and one or 2 canals in the distal root [1]. However, other root canal
morphologies have been reported in the literature [2, 3]. As first
mentioned by Carabelli, additional roots may be located in the
distolingual, termed radix entomolaris (RE), or in the buccal, termed
radix paramolaris (RP) [4, 5]. The classic study by Carlsen and
Alexandersen found just 2 cases with separate RP in their collection of
mandibular molars with extra root (n=203 total), collected in Denmark
over almost 30 years [6].

A more frequent occurrence of RE has been linked to Chinese ethnic
groups, while RE has been found in less than 5% Caucasian, Eurasian,
and Indian populations. In populations with Mongoloid traits, there is an
occurrence RE of 5-30%. In contrast, RP is much less frequent. For
example, Visser had found the occurrence to be 0% in the first
mandibular molars, 0.5% in the second, and 2% in the third [7].

Similarly, a more recent study based on cone-beam image acquisition in
an Indian population found RP in first and second molars in 2/299 and
5/322 cases, respectively [8]. Another recent study described the
prevalence in an Iranian population as 1.2% in first and 0.8% in second
molars [9]. While there is a growing body of evidence on the prevalence
of 3-rooted canal configuration in mandibular molars, only scarce
information is available to describe the clinical management of radix
paramolaris cases. This case report illustrates the utility of cone-beam
computed tomography (CBCT) and 3D printing in the nonsurgical
retreatment of a case with RP and a failing root canal treatment.

Report

A 43-year-old woman visiting from Egypt was referred in May 2016 for
evaluation and treatment of a left mandibular second molar (tooth #18).
The patient had a chief complaint of pain in chewing on tooth #18 since
the completion of previous root canal therapy; her medical history was
non-contributory. The tooth had been root canal-treated by another
endodontist 5 months prior. After the initial root canal treatment, the
patient continued to experience pain in chewing. According to the
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patient, the pain had increased in intensity during the last 3 weeks. The
referring general dentist was reluctant to proceed with placing the final
restoration and further treatment by an endodontist (SE) was initiated.

The consultation included a periapical radiograph, a bitewing radiograph
of tooth #18, and a small field CBCT (Carestream 9000, Kodak,
Rochester, NY). The CBCT imaging revealed an untreated buccal root
canal system in tooth #18 (Figure 1) that was not evident in the periapical
radiograph (Figure 2A). Nonsurgical root canal retreatment was initiated
and completed during the same visit. Under magnification and guided by

the CBCT image, 3 canal orifices were located. Gutta-percha root canal
fillings were removed using both hand and nickel-titanium rotary files.
The canal orifice associated with the buccal radix was located and
instrumented along with the previously treated mesial and distal root
canals. Irrigation was performed with 5.25% sodium hypochlorite
solution. Gutta-percha cones were fitted and obturation was completed
using Kerr EWT root canal sealer (Kerr, Brea, CA) using the warm
vertical compaction technique. A composite buildup was placed using a
dual-cure composite (Rock Core, Danville Materials, San Ramon, CA).

Figure 1: Selected axial views of a preoperative CBCT scan of the left mandible. B and L denote buccal and lingual aspects, respectively and the location
of the mandibular canal is identified by the arrow. Note the presence of the unfilled canal associated with the radix paramolaris (arrowhead).

Figure 2: Radiographic assessment of the posterior left mandible and tooth #18. A) Preoperative periapical radiograph of #18. Radix paramolaris (RP) is
not evident on conventional periapical radiograph. B) Sagittal preoperative CBCT slice demonstrating bifurcation of the inferior alveolar canal with the
accessory canal in intimate proximity to the distal-lingual root in sagittal view. C) Postoperative radiograph of #18 showing obturated canal in RP (radix

paramolaris).

A postoperative periapical radiograph (Figure 2B) and a postoperative
CBCT (Figure 3) were taken to evaluate the quality of the root canal
retreatment. The patient was contacted by phone 24 hours
postoperatively and reported decreased pain to chew. At a 2-week

follow-up appointment, the patient’s symptoms had completely
resolved. The patient was instructed to return to her dentist for a cuspal
coverage restoration. The patient returned to Egypt and was unavailable
for additional follow-up.

Figure 3: Selected axial views of a postoperative CBCT scan of the left mandible. B and L denote buccal and lingual aspects. Note the now filled canal in

the radix paramolaris (arrowhead).
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Discussion

Radix paramolaris (RP) is a rare anatomical variant for mandibular molar
anatomy [4]. Indeed, a current literature search revealed only two case
reports [10, 11]. On the other hand, additional roots are found in
mandibular molars. Radix entomolaris (RE) occurs most often in
mandibular first molars and while a few cases of RP are found in
mandibular second molars. Practicing dentists should be aware of these
morphologies when treating mandibular molars. The additional root is
often difficult to identify on periapical radiographs. There is clinical
evidence that untreated canals such as those in a RE may result in
reduced outcomes [12, 13]. The mandibular second molar is most often
two-rooted with three to four canals [14]. Using the Vertucci
classification, the type 1V configuration is seen most often in mesial
roots, followed by type 1l configuration [15]. Vertucci type | is the most
frequent canal configuration of the distal root [16]. The locations of the
canal orifices of the typical mandibular first molar dictate a trapezoidal
access preparation [17].

It is noteworthy that out of the reports in the literature detailing the
variants of molar root canal anatomy, the vast majority of which were
published after 2011 and were based on CBCT data. The complexity of
mandibular molars and the location of vital structures make CBCT
imaging essential for safe, successful treatment. The AAE/Oral
Maxillofacial Radiologists’ recommendations advise taking CBCTs in
this circumstance [18]. An additional CBCT finding, underlining the
utility of CBCT data for assessing craniofacial anatomy, was the
bifurcation of the inferior alveolar canal with accessory canals near the
apex of the distal root (Figure 2C). The clinical management approach
to root canal treatment may be altered based on the complexity of the
canal system [19]. The lingual root of radix entomolaris is most
frequently Vertucci type | [20]. The extra distolingual orifice is located
an average of 2.93mm lingual to the distobuccal orifice and is often
hidden by a dentinal shelf [21].

It appears that no comparable metric information is available regarding
RP because of its rarity. The usual trapezoidal access preparation needs
to be extended in both RE and RP to locate and clean and shape the
additional root. In the case presented here, the initial root canal treatment
left the buccal canal of the radix paramolaris untreated. The value of
small field CBCT imaging is clearly shown in (Figures 1 & 3). The
preoperative periapical film of tooth #18 did not disclose the presence of
an extra buccal root (Figure 2A), because the third dimension, or
mesiodistal plane, is unseen on periapical radiographs [22]. The CBCT
showed the buccal root curved in a buccal-lingual direction and enabled
the endodontist to fully appreciate the root canal system of tooth #18 in
three dimensions and provided a more detailed understanding of the root
canal anatomy [23].

Another more recent use of CBCT data, beyond visualization of 2D and
3D renderings, is the ability to generate 3D models from DICOM files.
CBCT data was then converted to a stereolithography (.stl) file (3D
Slicer 4.10.02, National Alliance for Medical Image Computing, Boston,
MA). This model clearly depicts the unique anatomy of this tooth (Figure
4A). The 3D printed models (Figure 4B) demonstrate the true angulation
and dimensions of the RP in this case. Another benefit of the 3D printed
model is the appreciation of the narrow diameter and comparatively short
length of the RP root. Accurate diagnosis and treatment depend on the
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practitioner’s ability to treat the entire root canal system [24-27].
Endodontists should be mindful that additional roots may vary greatly in
dimensions stressing the importance of recording accurate working
lengths and selecting appropriate instrumentation taper. The ability to
obtain 3D data and rapidly create models can help clinicians to manage
such rare conditions with more confidence.

we
L |

Figure 4: Post-processing of CBCT data for further analysis. A)
Angulated three-dimensional (.stl) (stereolithography) images of radix
paramolaris. B) 3D printed models from (.stl) files demonstrating buccal
curvature of radix paramolaris.

Conclusion

Clinicians need to understand the possible variations of root canal
morphology of mandibular molars in order to successfully treat these
teeth. CBCT imaging can be used in addition to periapical radiographs
to better understand the root canal anatomy and treat a tooth with radix
paramolaris.
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