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Abstract
BACKGROUND 
Fused teeth usually involve several complications, such as the development of 
caries in the groove between fused crowns, tooth impaction, diastemas, aesthetic 
and periodontal problems, and pulpal pathosis, due to the complex anatomical 
structure of fused teeth. A thorough diagnosis is paramount to forming an acc-
urate treatment plan and obtaining a favourable prognosis. With the advent of 
cone-beam computed tomography (CBCT), accurate 3-dimensional images of 
teeth and their surrounding dentoalveolar structures can now be readily obtained, 
and the technology can accurately provide a minimally invasive approach to 
acquire detailed diagnostic information. Therefore, we utilize CBCT data herein to 
generate a digital model for the infected region in a patient, and this model 
enables us to better plan the management of his case.

CASE SUMMARY 
This report details the diagnosis and endodontic treatment of a rare case 
involving a fused maxillary second molar and two paramolars with apical period-
ontitis. The patient experienced pain upon biting and cold sensitivity in the area 
of the maxillary left molar. No caries or other defects were identified in these 
teeth, and a normal response to a pulp electric viability test was observed. With 
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the aid of CBCT and digital model technology, we initially suspected that the infection originated 
from the isthmus between the maxillary second molar and two paramolars. Therefore, we only 
treated the isthmus by an endodontic approach and did not destroy the original tooth structure; 
furthermore, the vital pulp was retained, and good treatment outcomes were observed at the 24-
month follow-up.

CONCLUSION 
This finding may provide new insights and perspectives on the diagnosis and treatment of fused 
teeth.

Key Words: Cone-beam computed tomography scans; Endodontic therapy; Fusion of teeth; Maxillary molar; 
Digital model technology; Case report
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Core Tip: Fused teeth usually involve several complications due to their complex anatomical structure. A 
thorough diagnosis is of vital importance. With the aid of cone-beam computed tomography (CBCT) and 
digital model technology, accurate 3-dimensional images of teeth can be obtained; thus, CBCT provides a 
minimally invasive approach to acquiring detailed diagnostic information. In this report, we utilized 
CBCT data to generate a digital model of a fused tooth and only treated the infected isthmus by an 
endodontic approach. Good treatment outcomes were observed at the 24-month follow-up. This finding 
provides new perspectives on the diagnosis and treatment of fused teeth.
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INTRODUCTION
During endodontic treatments, obtaining a thorough diagnosis is paramount for preparing an accurate 
treatment plan that results in a favourable prognosis. However, complex anatomical structures often 
introduce challenges to forming diagnoses and performing treatments. The incidence of fusion is 
approximately 0.1% in permanent dentition and 0.5% in primary dentition[1]. During tooth deve-
lopment, abnormal fusion of the pulp, cementum, dentine, or enamel can occur between two or more 
contiguous tooth germs that develop separately[2,3]. When such fusion occurs, roots and pulp chambers 
may either remain separate or join together depending on the particular developmental stage in which 
union occurs[4]. Such fusion processes involve multiple germ layers, often resulting in morphological 
tooth outcomes that are abnormal[5]. Fusion between supernumerary and permanent teeth occurs less 
frequently than fusion between other types of teeth[6]. Supernumerary teeth in the molar region can be 
defined as para- or distomolars depending upon their location.

Clinically, fused teeth may cause several complications, such as the development of caries in the 
groove between the fused crowns, tooth impaction, diastemas, aesthetic and periodontal problems, and 
pulpal pathosis. Many of these complications necessitate a multidisciplinary approach, and the 
treatment depends on the type and position of the supernumerary tooth as well as its relation to the 
adjacent teeth[7]. In endodontics, periapical X-ray (PAX) is mandatory for diagnosis, treatment, and 
follow-up. However, such images provide a limited 2-dimensional view of the true 3-dimensional (3D) 
anatomy. With the advent of cone-beam computed tomography (CBCT), accurate 3D images of teeth 
and their surrounding dentoalveolar structures can be readily obtained[8], and the technology can 
accurately provide a minimally invasive approach to acquire detailed diagnostic information[9].

In this study, a rare case of fusion between a maxillary second molar and two paramolars is 
described. 3D images were obtained to visualize the relationship of the supernumerary to its 
counterpart. The low-density transmission image was extended along the isthmus pathway to the apical 
area, and it was clearly observed that the roots of the two supernumerary teeth were fused with the 
mesial buccal roots of the second molar and that the root canal systems of the two supernumerary teeth 
intersected in the middle 1/3 of the root and the apical area; moreover, no communication was observed 
between the canal systems of the teeth. To determine if normal pulp was present, electric pulp testing 
was adopted; this test was also utilized to gain confidence in performing more accurate and conser-
vative treatment methods. With the goal of preserving the vitality of the unaffected counterpart, this 
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patient underwent endodontic treatment of the isthmus pathway, thereby eliminating periapical tissue 
inflammation.

CASE PRESENTATION
Chief complaints
A 24-year-old male presented to the Department of Operative Dentistry and Endodontics of the Fourth 
Military Medical University with complaints of pain upon biting and cold sensitivity on his maxillary 
left molar; notably, these symptoms had occurred for approximately 1 month.

History of present illness
For approximately one month, the patient felt pain in his maxillary left molar while chewing, and the 
tooth was sensitive to cold. Before this time, the tooth did not exhibit spontaneous pain.

History of past illness
The patient did not have a relevant medical history. He did not report any history of drug allergies or 
systemic diseases and exhibited no apparent dental treatment contraindications.

Personal and family history
The patient did not report any personal and family history.

Physical examination
Clinical analyses revealed the presence of two extra teeth on the buccal aspect of the maxillary left 
second molar (#15); however, these teeth were separated by distinct developmental grooves (Figure 1A 
and B). Long-term impaction of food caused gingival recession in this region, but no caries or other 
obvious defects were detected. Decay in the intersecting groove was evident. Pain was evident in 
response to percussion, but responses were normal for the adjacent and contralateral teeth. The visual 
analogue scale (VAS) score of the #15 tooth was 3.5. The readings of the pulp viability test of the #15 
and #2 teeth were 21 and 20, respectively. A pulp electric viability test yielded normal responses, which 
were identical to those of the control teeth. The periodontal probing depth of the #15 tooth was < 3.0 
mm. No mobility or swelling was evident. The Oral Hygiene Index-Simplified (OHI-S) and Decayed 
Missing Filled-Index (DMF-Index) scores are shown in Tables 1 and 2.

Laboratory examinations
This case did not have any laboratory examinations.

Imaging examinations
Digital periapical radiography was performed preoperatively, and the results did not provide sufficient 
information (Figure 1C). Tooth fusion was suspected; therefore, CBCT was considered to be 
appropriate. After obtaining informed consent from the patient, CBCT imaging was performed to assess 
the root canal systems of the fused left maxillary second molar and supernumerary teeth via 3D 
technology (New Tom VG10048S; Quantitative Radiologys.r.l, Verona, Italy). The axial, sagittal, and 
coronal sections confirmed that the maxillary left second molar and two paramolars were fused, and no 
such abnormalities were evident on the other side (Figure 1D). Three slightly curved and patent root 
canals were present in the maxillary second molar, and each of the fused paramolers contained a single 
similar canal. The apex area of the irregular bending isthmus was observed in the periapical 
transmission image (Figure 1E-H).

FINAL DIAGNOSIS
Based on the subjective, objective, and radiographic findings, this tooth was diagnosed as a fused tooth 
with periodontal apical periodontitis.

TREATMENT
The patient provided informed consent to undergo a planned endodontic treatment of the isthmus that 
was formed at the fusion joint. A rubber dam was properly positioned (Figure 2A), and a ball drill (ET 
BD) and ET 20 ultrasonic equipment (P5 Newtron; ACTEON Satelec, Merignac, France) were used to 
remove the decay under a microscope (Figure 2B). The working lengths were determined with an 
electronic apex locator (EAL) and a #6K file (Figure 2C), and filing was performed until reaching a #20 
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Table 1 Oral hygiene index-simplified dental chart

Labial (Buccal) surface Lingual surface
Oral hygiene index-simplified

#3 #8 #14 #24 #19 #30
Total score

Debris index-simplified 1 0 1 0 1 0

Calculus index-simplified 0 0 1 0 1 0

5

Table 2 Decayed missing filled-index dental chart

Decayed missing filled-index

D (Decayed) 1 #18 occlusal caries

M (Missing) 4 #1, #16, #17, #32 missing 

Filled (Filled) 0 0

Figure 1 Representative preoperative intraoral photographs and radiographs of the fusion tooth. A: Occlusal intraoral view revealing the presence 
of two supernumerary paramolars on the buccal aspect of the maxillary left second molar, with evidence of distinct developmental grooves separating these teeth and 
additional evidence of food impaction; B: Buccal view; C: A preoperative radiograph of the left maxillary second molar; D: Cone-beam computed tomography (CBCT) 
axial cross-sections of the maxillary fused second molar and paramolars; E-H: CBCT images revealed three slightly curved, patent root canals, which were 
associated with the maxillary second molar, and there was single similar canal for each of the fused paramolars. The apex of the irregular bending isthmus area that 
was formed by the intersection of three teeth was connected in a periapical transmission image.

size (Figure 2D and E). Next, the isthmus was cleaned and shaped via a crown-down approach using 
Waveone Gold Ni-Ti rotary instruments (Dentsply Sirona, Switzerland) with considerable 3% NaOCl 
and 17% EDTA irrigation (Figure 2F). Strong electrolytic water and ultrasonication (P5 Newtron) were 
used for a final irrigation, and the canals were dried with paper points. Then a calcium hydroxide 
[Ca(OH)2] paste was applied to the canals, and the access cavity was sealed using Cavit™av.

At 10 d post-operation, the patient experienced no pain upon percussion or cold stimulation. The 
VAS score of the #15 tooth was 0. Complete canal obturation was achieved through the single cone 
technique (Figure 3A-C) with IROOT SP (Innovative BioCreamix Inc, Vancouver, BC, Canada), and the 
access cavity was then sealed with flow and nanoresin (3M Dental Products, MN, United States) 
(Figure 3D). A final digital PAX was taken at this time, in which well-obturated canals were observed 
(Figure 3G).

OUTCOME AND FOLLOW-UP
The patient reported no symptoms throughout the 6 month, 12 month, 18 month, and 24 month follow-
up periods. The VAS score of the #15 tooth was 0. Additionally, the treatment success was confirmed via 
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Figure 2 Representative intraoral photos of the fused tooth during root canal therapy. A: A rubber dam was positioned; B: A ball drill (ET BD) and 
ET 20 of the ultrasonic equipment (P5 Newtron) were used to remove the damaged tissue under a microscope; C: An electronic apex locator was utilized to 
determine the working lengths with 6#K-file; D-E: Filing was performed until size 20# was reached; F: Waveone Gold Ni-Ti rotary instruments were used to clean and 
shape the canals.

X-ray examinations (Figure 3H-K).

DISCUSSION
Tooth fusion is thought to affect 0.5%-2.5% of the primary dentition and affects permanent teeth with an 
even lower frequency[4]. Fusion can result in significant changes in dental and periodontal anatomy, 
and these changes contribute to plaque retention, a higher risk of caries formation, and associated 
periodontal problems. Intraorally, fused teeth may present a range of phenotypes and can occur in any 
region, although they most commonly involve the anterior teeth and are unilateral in nature[10]. 
Additionally, fusion can occur between two teeth, between normal and supernumerary teeth, or 
between a tooth and an unerupted crown[11]. In a rare process known as concrescence, two fully 
formed adjacent teeth fuse only in the cementum. This process is most often observed with maxillary 
molars. More specifically, concrescence most often involves the maxillary third molar and a supernu-
merary tooth. Supernumerary molars are denoted as either paramolars or distomolars based on their 
location; paramolar are supernumerary teeth on the mesiobuccal side of molars and distomolars are 
supernumerary teeth on the distal side of the third molar[12]. The aetiological basis for such fusion is 
not well understood, and the fusion is thought to be associated with dental arch crowding, caries-
related chronic irritation, trauma, and/or rapid orthodontic movement, which result in the resorption of 
interdental alveolar bone between fully formed teeth. Subsequently, fusion can occur due to cementum 
deposition[5,13]. In the present case report, two paramolars were fused on the mesiobuccal side of the 
upper left second molar, and fusion of the enamel at the crown was observed; in addition, cementum 
was fused at the roots of these teeth, and dentin was likely involved.

Successful treatment is dependent upon accurately evaluating the sources of any pain and accurately 
establishing the pulp status. In the present case, the patient exhibited percussion pain and temperature 
sensitivity. The pulp vitality tests yielded normal results, and no caries were observed. Conventionally, 
intraoral periapical radiographic imaging cannot reveal any obvious abnormality and only yields two-
dimensional superimposed images that have the potential to magnify 3D structures or provide 
inaccurate angulation information[14]. Therefore, it can be challenging to obtain an accurate diagnosis. 
Here, we used CBCT images to construct a digital model of the local anatomy (Figure 4), and this model 
provided more intuitive information than that of previous models. Specifically, the low-density 
transmission image was extended along the isthmus pathway to the apical area, but the apex was not 
involved, and the roots of the two supernumerary teeth were fused with the mesial buccal roots of the 
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Figure 3 Representative intraoral photos of the fused tooth during root canal therapy and radiographs at different follow-up periods. A: 
The canals were dried following a final irrigation; B: Occlusal view of the canal tip; C: Complete canal obturation was achieved via vertical gutta-percha condensation; 
D: Image of the nanoresin-mediated seal of the access cavity; E: Working length radiograph; F: Cone fit radiograph; G: A final digital PAX revealed that the canals 
were well-obturated; H-K: A radiograph taken during the 6-, 12-, 18-, 24-mo follow-ups revealed good treatment outcomes.

Figure 4 The construction of digital model of the fused tooth's local anatomy. A-C: A digital model of the local anatomy was constructed, revealing 
that the roots of the two supernumerary teeth were fused with the mesial buccal roots of the second molar, and the root canal systems of the two supernumerary 
teeth intersected the middle 1/3 of the root and apical area while remaining separated from the second molar root canal system.

second molar. The images also showed that the root canal systems of the two supernumerary teeth 
intersected in the middle 1/3 of the root and the apical area while an independent root canal system was 
retained in the second molar. Considering these findings, we suspected that the infection arose from the 
central isthmus of the fused tooth. Thus, we were able to speculate that the patient's primary complaint 
was associated with partial bone loss in the apical area, and this bone loss was caused by periapical 
periodontitis and gingival recession as a result of long-term food impaction. Exposure of the dentin in 
the dental cervix led to temperature sensitivity. Therefore, we provided the patient with two treatment 
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options, either complete resection of the paramolars or retention of the paramolars, while only 
endodontic treatment was provided for the isthmus pathway. Although the paramolars and the second 
molar have independent root canal systems, performing a complete resection of the paramolars from the 
second molar necessitates a traumatic periodontal flap. Additionally, after the paramolars undergo a 
hemisection, the procedure may cause buccal dentin and cementum to become exposed, which may 
aggravate temperature sensitivity and even cause pulpitis. Because the fused tooth was in the area of the 
posterior teeth, the patient did not need to consider aesthetics. In addition, the patient has a good 
awareness of oral hygiene. Therefore, after negotiating the treatment plan with the patient, the patient 
preferred the conservative treatment to resolve the existing symptoms.

In such cases, the large buccal-lingual dimensions and the complexities of this isthmus pathway can 
further complicate the treatment process. First, it can be challenging to place the rubber dam clamp 
during endodontic procedures and achieve effective isolation. Therefore, we utilized a bow method to 
position the rubber dam so that the clip could be placed under a direct view. Additionally, cleaning and 
shaping the isthmus pathway was difficult. Compared to the inner wall of conventional root canals, the 
walls of the path around the enamel and cementum were harder because the isthmus exhibited an 
irregularly curved path. We used ultrasonic instruments to remove carious tissues and part of the 
coronal tooth structure to enhance straight-line access. In general, the canal curvature can better be 
followed with smaller files owing to their flexibility; therefore, smaller files should be utilized to gently 
negotiate the canal prior to utilizing larger files. Next, we used reciprocating Ni-Ti files to clean and 
shape the canals. These procedures seemed to enhance path negotiation, allowing for faster and more 
efficient instrumentation. However, owing to the irregular shape of this pathway, we were unable to 
determine whether the pathway walls were composed of dentin or cementum following treatment. 
Even so, effectively isolating the tooth and performing cleaning, irrigation, disinfection, and sealing 
during endodontic treatment can effectively eliminate inflammation and reinfection, thereby alleviating 
patient discomfort and achieving a successful outcome[4,15,16].

The 6 month, 12 month, 18 month, and 24 month follow-ups showed that the treatment was effective. 
The limitation of this treatment was that it did not restore the normal shape of the maxillary second 
molar. However, the fused tooth was in the posterior teeth area, and the patient had low aesthetic 
requirements. Therefore, the patient preferred a conservative treatment to preserve vital pulpal tissue. 
Additionally, the tooth was located at the distal end of the dental arch close to the buccal aspect, which 
is not conducive to daily cleaning. Consequently, we emphasized the importance of correct oral hygiene 
maintenance and long-term follow-up to the patient; thus, we anticipate a good prognosis.

CONCLUSION
In summary, we described a rare case that involved the fusion of the maxillary second molar and two 
paramolars. It is often challenging to clinically detect fused teeth. The underlying abnormal tooth 
structures may limit the ability of obtaining an appropriate diagnosis with traditional radiographic 
imaging, which yield insufficient information for diagnoses and treatments. We herein utilized CBCT 
data to generate a digital model of the affected region in this patient, and this model enabled us to better 
plan the management of his case. In addition, with the resultant models, we could better view the 
underlying complex morphology. The models provided 3D morphological insights and supported the 
accurate detection of pulp electrical vitality to ensure that the endodontic diagnosis was successful.
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