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[Abstract] The anatomical morphology of root canal systems in maxillary second molars (MSMs) is complex and
shows diverse variations, which leads to challenging root canal treatments that could end in failure. Therefore, under-
standing the diverse nature of root canal anatomy is an important prerequisite for the successful treatment of MSMs. The
fused root is among the most prevalent root variants of MSMs, exhibiting a distribution rate ranging from 23.9% to
42.25% within the Chinese population. Fused roots are often accompanied by complex root canal fusion, as the inci-
dence of root canal fusion in type VI fused roots of MSMs is 90.5% within the Chinese population. There are several
treatment strategies for the root canal variations in MSMs, including the location of the root canal orifice and clearing
and filling of the isthmus within the fused root canal. Cone-beam computed tomography, dental operating microscopy,
and digital dynamic and static navigation technologies can be employed to accurately identify the root canal variations
associated with fused roots. In the treatment of fused root canals, for the cleaning and filling of the isthmus in fused ca-
nals, enhanced chemical preparation, timely application of laser-assisted irrigation, photodynamic therapy, and micro-
apical surgery significantly improve the success rate of endodontic procedures. The treatment strategies and prevalence

of root canal variation of MSMs from a native Chinese population were summarized in this paper to provide guidance
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and reference for the successful treatment of MSMs.
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fusion roots; location of root canal orifice; isthmus;
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a: traditional dental film indicating suspected fusion of
the buccal roots of the right MSM (arrow); b: cross-sec-
tional image (obtained via CBCT) illustrating that the
MBR and DBR are integrated with the PR. MSM: max-
illary second molar; CBCT: cone -beam computed to-
mography; MBR: mesiobuccal root; DBR: distobuccal
root; PR: palatal root

Figure 1 X-ray film and CBCT image findings
of the fused roots of MSMs
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a: fusion of the MBR and PR; b: fusion of the DBR and PR; c: fusion of the MBR and DMR; d: MBR fused with the DBR and PR; e: DBR
fused with the MBR and PR; f: PR fused with the MBR and DBR; g: fusion involving the MBR, DBR, and PR. MSM: maxillary second molar;

CBCT: cone-beam computed tomography; MBR: mesiobuccal root; DBR: distobuccal root; PR: palatal root

Figure 2 CBCT image findings of the cross-section of fused roots in the MSM
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Figure 3 Diagram illustrating the Vertucci classification for

dental canals'"!
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Type I : Type 1-1 is characterized by a single canal with one apical fo-
ramen. Type [ : Type 2-1 features two root canal openings that fuse at
one-third of the apex, with a single apical foramen. Type Ill: Type 1-2-1
consists of one root canal opening where one-third of the root divides in-
to two canals, which then converge to form a singular apical orifice at
the tip. Type IV: Type 2-2 is identified as a single double-tube configu-
ration with two tubular openings that lead to the apex and possess two
distinct apical foramina. Type V : Type 1-2 comprises one root canal
opening located at one-third of the apex that leads to the formation of
two apical foramina. Type VI: Type 2-1-2 exhibits two root canal orific-
es where one-third of the root is divided into two canals and further bi-
furcated at the apex into two separate apical foramina. Type V: Type 1-
2-1-2 involves a single root canal opening where one-third of the root
splits into two canals that subsequently merge together before dividing
again at the apex to create two distinct apical foramina. Type VII: Type 3
-3 is defined as a single tritubular structure containing three separate

apical foramina
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Figure 4 Root canal isthmus types (Hsu & Kim classification
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Partial isthmus: Type | and II exhibit no significant connec-
tions between two or three root canals. Type lll presents hair-like
small connections between two root canals. TypelV reveals small
hair-like connections among three root canals. Type V indicates
that root canals extend into the isthmus. Complete isthmus: Type

VI features a narrow band connection between two canals
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a: preoperative pan-
oramic images indi-
cating a high likeli-
hood of root fusion
of tooth 27 (arrow);
b: CBCT images re-
vealing  that the
MBR, DBR, and PR
of tooth 27 exhibited
fusion within the middle and upper segments of the roots, along
with varying distributions of root canal orifices (arrow); c: an ab-
normal orifice in the root canal was identified using a dental mi-
croscope following the pulp access opening of tooth 27; d: after
preparing the root canal for tooth 27, further examination under a
dental microscope allowed for observation of its orifice distribu-
tion. MSM: maxillary second molar; CBCT: cone-beam computed
tomography; MBR: mesiobuccal root; DBR: distobuccal root; PR:

palatal root

Figure 5 CBCT-assisted dental operating microscopy for the detection of root canal variations in MSMs
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» Preoperative imaging __|

examination

!

canal orifice

Treatment strategy of fused
root canals in MSMs

!

filling the isthmus

Locate the fused root

5 Thorough clea‘ning of the __|
root canal isthmus

Enhance treatment for
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—>  Preliminary assessment of traditional X-ray films

L CBCT effectively visualizes fused root canals

—>  Utilization of CBCT to ascertain the initial position
Dental microscope enhance the surgical field of view

Ultrasonic-assisted expansion of the pulp chamber

Digital dynamic and static navigation facilitates the
identification of challenging root canal orifice

— Enhanced chemical preparation techniques

Ultrasonic, laser assisted chemical irrigation

—>  Collaborative application of photodynamic therapy

Application of warm gutta-percha obturation technique

Performing micro-apical surgery with retrograde
filling if necessary

Performing tooth autotransplantation with retrograde
filling if necessary

CBCT: cone-beam computed tomography; MBR: mesiobuccal root; DBR: distobuccal root; PR: palatal root; MSM: maxillary second molar

Figure 6 Fused roots and the corresponding root canal treatment strategy of MSMs
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