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Abstract

:

The exact knowledge of the mandibular canal position is fundamental in oral surgery and implantology. Clinicians have to be extremely cautious when operating in close proximity to this structure in order to avoid damaging the neurovascular bundle. Several anatomical variations of the mandibular canal have been described in the literature, such as bifid or trifid structures. The use of cone-beam computed tomography (CBCT) offers a detailed representation of the inferior alveolar nerve path, albeit with some difficulties of identification when dental implants or metal prosthesis are present. The aim of this study is to retrospectively evaluate the prevalence and location of bifid/trifid mandibular canals (BMC/TMC) by CBCT in Italian patients. The screening phase involved 584 patients, only 238 enrolled (97 men; 141 women), with an average age of 51 ± 17.20. A total of 36 patients (15.25%) showed at least one bifid mandibular canal; only 2 patients (0.84%) showed a trifid mandibular canal. Overall, 12 patients (5.04%) presented this variation bilaterally. There was no association with the sex of the enrolled sample. In conclusion, the presence of BMCs and TMCs may be considered as a risk factor for the onset of neurovascular complications. Being aware of changes in the mandibular canal helps clinicians to prevent inferior alveolar nerve impairments that may occur during oral surgery and implantology.
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1. Introduction


Knowing the exact position of the mandibular canal (MC) is crucial to the planning of oral and maxillofacial surgery (e.g., extractions, dental implants) and orthognathic surgery (e.g., sagittal split ramus osteotomy) [1]. Generally, MC is described as singular, while several techniques have been reported in literature as being suitable for bifid mandibular canal (BMC) and trifid mandibular canal (TMC) detection, such as panoramic radiography [2,3,4], computed tomography (CT) [5,6,7], and cone-beam computed tomography (CBCT) [8,9,10]. CT and CBCT investigations showed a higher incidence rate than panoramic radiographies. As explained by Naitoh M. et al. [11], this occurred because of the overlapping of the mandibular ramus region—the opposite site of the mandible—soft palate, and pharynx found in orthopantomography. The MC and its variations are better expressed through CT and CBCT than panoramic radiography due to the acquisition of 3D images with a higher resolution [12]. Rashsuren O. et al. [1] reported that the presence of BMC was 0.08–0.95% when using panoramic radiography and 10.2–65% when evaluating CBCT images. The authors also confirmed the same for the TMC, which was identified more effectively using CBCT (5.8%). Several systematic reviews and meta-analyses have showed different figures for the prevalence of BMCs. Regarding the patient-level prevalence of BMCs, Shan S. et al. [10] recently described a rate of 38%, while Valenzuela F. et al. experienced an individual rate of 57% [13]. Additionally, Hass LF et al. [14] noticed this variation in 16.25% of screened patients. Ngeow WC et al. [15] provided data for BMCs that ranged between 0.05% and 69% of the studied population. Due to this variation, the authors agreed that patient-level and hemi-mandible-level prevalence would be the focus of the present study. The assessment of MC variations has a large impact on daily practice, from anesthesia to tooth extractions, dental implants, and orthognathic surgery [16]. For example, Sîrbu VD et al. [17] reported that the second mandibular molar is the most common tooth involved in accidental MC damage and that overlooking its precise position may not only lead to several complications in dentoalveolar surgical procedures but also in endodontic therapy in the posterior region of the mandible. Because of these clinical considerations, the present study aimed to investigate the prevalence, gender distribution, and age group distribution of BMCs and TMCs in an adult Italian population.




2. Materials and Methods


This cross-sectional study involved patients from the Dentistry Clinic of University G. d’Annunzio of Chieti, Italy. Naitoh M. et al.’s [11] classification was used to examine CBCT scans. A class for TMC was added (Table 1). More specifically, the goal of the present examination was to collect the number of BMCs/TMCs, the unilateral/bilateral presence, and the prevalence in gender and age groups.



Radiographic examinations were conducted using a Newtom VGi EVO CBCT scanner (Quantitative Radiology s.r.l., Verona, Italy). All images were recorded at 120 kVP and 3–5 mA using a 9-inch field of view, 1 mm axial slice thickness, and isotropic voxels. The X-ray parameters of kV and mA were automatically determined by the scout views from the NewTom 3G. Depending on the size of the patient and the extent of beam attenuation, an exposure variation of up to 40% was possible. NNT software version 15.1 [Installation package: 15.1.0.0] was used to reconstruct and evaluate all projections. The images were exported and saved as single frame DICOM files. All constructions and measurements were performed directly on the monitor screen (color active matrix display and 24-inch Full HD LED 3200 × 1800 pixel flat panel). Axial, sagittal, transverse, and panoramic images were reconstructed for all hemi-mandibles and evaluated by an experienced dentist in cooperation with the radiologist technician. When disagreement occurred, it was discussed with the maxillofacial surgeon. The age at the time of the scan was recorded for each patient. Pearson’s Chi-Square test was employed to assess the association with categorical variables (location and sex). The p-value was considered significant for a value of p ≤ 0.05.



2.1. Inclusion Criteria


Patients older than 18 y.o., able to provide informed consent, and without noticeable signs of maxillofacial trauma and mandibular lesions in the MC path were enrolled. CBCT scans were examined according to a chronological order of collection.




2.2. Exclusion Criteria


Children; patients unable to provide informed consent; and those with fractures of the mandible, mandibular titanium plates, and mandibular neoplastic or cystic lesions that may have affected the identification of the mandibular canal were excluded.




2.3. Statistical Analysis


Pearson’s Chi-Square test was employed to assess the association with categorical variables (location and sex). The p-value was considered significant for a value of p ≤ 0.05.





3. Results


CBCT images of 584 Italian patients who visited the University Dental Clinic of Chieti between January 2022 and September 2022 were screened. As a result of the first screening, 238 Italian subjects (476 hemi-mandibles) were enrolled, and 346 cases were excluded. The sex distribution was as follows: 97 men (40.76%) and 141 women (59.24%), with a mean overall age of 51 y.o. ± 17.20. Detailed results are shown in Table 2.



Examples of images considered positive for BMC and TMC are shown in Figure 1, Figure 2, Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7. Regarding the distribution among patients, 36 subjects (15.13%) showed at least one BMC, 12 (5.04%) bilaterally, while 2 subjects (0.84%) showed a TMC. Among patients with cases considered positive for BMC, 21 were women, accounting for 8.82% of the total studied population and 14.89% of female patients overall. On the other hand, 15 BMC patients were men, accounting for 6.30% of the whole sample and 15.4% of men in the study. Considering the hemi-mandibles, BMC appeared in 9.87% of images, while TMC only appeared in 0.42%. The Patient group that was positive for BMCs had a mean age of 34 ± 13.30, while the group that was positive for TMCs presented a mean age of 43 ± 19.8. Pearson’s Chi-Square test was not significant; no association was found between gender and the prevalence of mandibular canals.




4. Discussion


The purpose of this study was to provide support to dental practitioners with regards to the importance of anatomical knowledge and to remind them to be aware of MC variations in order to avoid any iatrogenic damage. The BMC is one of the most common anatomical variations in the mandible, although it can often be overlooked in clinical practice. Knowledge of the morphology and topography of the mandibular canal is essential due to the presence of the neurovascular bundle, which must be preserved. It has been suggested that problems affecting the BMC may occur during local anesthesia [18], implant placement [19], bone harvesting, and mandibular osteotomy procedures [20]. In recent years, corrective preoperative approaches and the identification of anatomical anomalies have made significant progress thanks to improvements in technology and the widespread use of CBCT. The prevalence of BMCs estimated in the present study was 9.87% out of the total hemi-mandibles evaluated, and these data seem to be in line with the very wide range provided in the literature, which detects incidences from 0.08% to 65.0% [1]. However, the presence of such a wide range was due to the strongly discordant results between studies conducted using panoramic radiography and those performed using CBCT. Since Naitoh et al.’s classification [11] was the first using CBCT, all the studies before this one used panoramic radiographies. Considering that the present work used CBCT scans, the data reported in this study should be compared to studies that also used CBCT scans. As stated by Naitoh M et al. [11], the anterior canal is the most common type (27.9%), while the buccolingual canal is the least common (0.8%). Orhan K et al. [21] used the same classification on a Turkish population and found the anterior canal to be the most common type (17.8%), although the dental canal was the least common (4.3%). In the present study, the retromolar canal was the most common type (3.57%), while the trifid canal was the rarest (0.42%), meaning that our results align with studies by Kang JH et al. [22] and Rashsuren O et al. [1] on a Korean population. Finally, it is necessary to point out that Naitoh et al.’s classification does not include classes for the TMC; however, in this study, we included two trifid cases. The BMCs contain neurovascular bundles which, if damaged during a surgical procedure, can lead to complications such as traumatic neuroma and paraesthesia, anesthesia, and intraoperative/postoperative bleeding.



As evidence of this, the retromolar canal may be particularly at risk of injury during the extraction of an impacted third molar due to its location adjacent to the tooth or during autologous bone harvesting, as this area is often used as a donor site. Furthermore, It should be noted that canals that bifurcate lingually or buccally cannot be verified with panoramic radiographs; therefore, increasing general awareness of the limitations of dimensional images in this area is crucial. Another consideration regarding the suspicion of a possible bifurcation can be made in purely clinical settings. It is well known that bifid mandibular canals, regardless of type, may be associated with greater difficulty in achieving inferior alveolar nerve involvement when performing an incision. In particular, this difficulty is expressed in the presence of soft tissue anesthesia around the injection site, the ipsilateral lip, and the chin (but not for the teeth). The most commonly administered injection point for anesthesia is often inferior to the location of bifurcation in the mandibular ramus; thus, the Akinosi technique or the Gow-Gates technique can be used, injecting the anesthetic solution at a higher level before the bifurcation of MC [23].



Nithya J et al. [16] expressed the problem of discomfort or pain in patients with BMCs and mandibular prostheses because of the pression located in the area of the additional neurovascular bundle.



Moreover, Shen EC et al. [24] observed that 32.4% of BMCs were located in the potential position for dental implant placement. Regarding age and sex distribution, Okumuş Ö et al. [25] affirmed that the difference between genders was not significant. In fact, Fu E et al. [26] discovered that gender variations were due to the population studied rather than the type of imaging employed. Regarding age groups, Kang JH et al. [22] stated that there was no significant difference in terms of incidence; however, BMCs were more frequent in patients aged 30 or above. The present study agreed with these data. To the best of the authors’ knowledge, no specific age groups have been expressed for TMCs in the existing literature.



Chavez ME et al. [27] suggested a model whereby the BMC and TMC are formed at birth. According to this model, during embryonic maturation, three canals develop in the body of the mandible and subsequently fuse to form a single canal. The first canal to form is the one directed towards the incisors, followed by the canal towards the deciduous molars, and finally by one or more canals towards the permanent molars. Similarly, the inferior alveolar nerve initially appears as three individual nerve pathways, which then merge to create a single nerve. An incomplete fusion of the nerves around which ossification takes place produces a bifid canal.



Limitations of the Study


The present observational cross-sectional study had some limitations, namely, the sampling technique, the absence of calibration, the number of samples, and the absence of an intra-/inter-rater reliability test. The introduction of a calibration system in the screening phase and the enlargement samples should be considered for future studies.





5. Conclusions


In conclusion, BMCs were more common than TMCs. These variants are more frequently unilateral. The occurrence of BMCs and TMCs should always kept in mind for clinicians operating in the posterior mandible for surgery or endodontic treatments and also for inferior alveolar nerve block anesthesia. Intraoperative and postoperative complications may be avoided by using CBCT and carefully analyzing the resulting scans. The presence of BMCs and TMCs may be considered as a risk factor for the onset of neurovascular complications.
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Figure 1. Panoramic view and transverse section of a bilateral Type 1—Retromolar (bifid mandibular canals) BMC. l, lingual. b, buccal. T, thickness. S, section. 






Figure 1. Panoramic view and transverse section of a bilateral Type 1—Retromolar (bifid mandibular canals) BMC. l, lingual. b, buccal. T, thickness. S, section.
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Figure 2. Panoramic view and transverse section of a right Type 2—Dental BMC. l, lingual. b, buccal. T, thickness. S, section. 






Figure 2. Panoramic view and transverse section of a right Type 2—Dental BMC. l, lingual. b, buccal. T, thickness. S, section.
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Figure 3. Panoramic view and transverse section of a left Type 3—Forward BMC with confluence. l, lingual. b, buccal. T, thickness. S, section. 






Figure 3. Panoramic view and transverse section of a left Type 3—Forward BMC with confluence. l, lingual. b, buccal. T, thickness. S, section.
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Figure 4. Panoramic view and transverse section of a left Type 3—Forward BMC without confluence. l, lingual. b, buccal. T, thickness. S, section. 






Figure 4. Panoramic view and transverse section of a left Type 3—Forward BMC without confluence. l, lingual. b, buccal. T, thickness. S, section.
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Figure 5. Panoramic view and transverse section of a right Type 4—Buccolingual BMC. l, lingual. b, buccal. T, thickness. S, section. 






Figure 5. Panoramic view and transverse section of a right Type 4—Buccolingual BMC. l, lingual. b, buccal. T, thickness. S, section.
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Figure 6. Panoramic view and transverse section of a left TMC. l, lingual. b, buccal. T, thickness. S, section. 






Figure 6. Panoramic view and transverse section of a left TMC. l, lingual. b, buccal. T, thickness. S, section.
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Figure 7. Panoramic view of TMC (left) and forward BMC without confluence (right). Transverse section of the left TMC. l, lingual. b, buccal. T, thickness. S, section. 






Figure 7. Panoramic view of TMC (left) and forward BMC without confluence (right). Transverse section of the left TMC. l, lingual. b, buccal. T, thickness. S, section.
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Table 1. Naitoh M. et al.’s [11] classification of bifid mandibular canals using CBCT. The trifid mandibular canal was added.






Table 1. Naitoh M. et al.’s [11] classification of bifid mandibular canals using CBCT. The trifid mandibular canal was added.





	Canal Type
	Features





	1—Retromolar
	The retromolar canal, which bifurcates from the mandibular canal in the mandibular ramus region, courses forward, reaching the retromolar region.



	2—Dental
	The dental canal, which bifurcates from the mandibular canal in the mandibular ramus region, courses forward, reaching the roots of the molars.



	3—Forward
	Without confluence: The forward canal, which bifurcates from the mandibular canal in the mandibular ramus region, courses forward to the second molar region.

With confluence: The forward canal, which bifurcates from the mandibular canal in the mandibular ramus, courses anteriorly and then rejoins the main mandibular canal.



	4—Buccolingual
	The buccal canal, which bifurcates from the mandibular canal in the mandibular ramus, courses bucco-inferiorly.

Lingual canal: The lingual canal, which bifurcates from the mandibular canal in the mandibular ramus, courses lingually and then penetrates through the lingual cortical bone.



	5—Trifid
	Two accessory canals of the previous canal types.
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Table 2. Main results. Prevalence of bifid mandibular canals (BMCs) and trifid mandibular canals (TMCs) based on type, gender, and location. M—male; F—female.






Table 2. Main results. Prevalence of bifid mandibular canals (BMCs) and trifid mandibular canals (TMCs) based on type, gender, and location. M—male; F—female.





	
Canal Type

	

	
Right (R)

	
Left (L)

	
Tot (R + L)

	
% on Tot Hemi-Mandibles






	
1—Retromolar

	
M

	
3

	
1

	
4

	
3.57%




	
F

	
8

	
5

	
13




	
TOT

	
11

	
6

	
17




	
2—Dental

III molar

	
M

	
0

	
0

	
0

	
0.21%




	
F

	
1

	
0

	
1




	
TOT

	
1

	
0

	
1




	
2—Dental

II molar

	
M

	
1

	
1

	
2

	
0.42%




	
F

	
0

	
0

	
0




	
TOT

	
1

	
1

	
2




	
2—Dental

I molar

	
M

	
0

	
0

	
0

	
0.63%




	
F

	
3

	
0

	
3




	
TOT

	
3

	
0

	
3




	
3—Forward

with confluence

	
M

	
2

	
3

	
5

	
2.10%




	
F

	
2

	
3

	
5




	
TOT

	
4

	
6

	
10




	
3—Forward

without confluence

	
M

	
3

	
2

	
5

	
1.68%




	
F

	
1

	
2

	
3




	
TOT

	
4

	
4

	
8




	
4—Buccolingual

	
M

	
3

	
1

	
4

	
1.26%




	
F

	
1

	
1

	
2




	
TOT

	
4

	
2

	
6




	
5—Trifid

	
M

	
0

	
1

	
1

	
0.42%




	
F

	
0

	
1

	
1




	
TOT

	
0

	
2

	
2
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