Morphological characteristics of the mesiobuccal root in the presence of a second mesiobuccal canal: a micro-CT study
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Abstract
Objectives
This study investigated the internal morphology of mesiobuccal (MB) roots of maxillary molars with a second mesiobuccal (MB2) canal.

Materials and Methods
Forty-seven maxillary first or second molars from Brazilians were scanned using micro-computed tomography. The following measurements were obtained from the MB roots: root thickness, root width, and dentin thickness of the buccal aspect of the first mesiobuccal (MB1) canal, between the MB1 and MB2 canals, and the palatal aspect of the MB2 and MB1 canals at 3 mm from the root apex and in the furcation region. For statistical analysis, the Student’s t-test and analysis of variance with the post-hoc Tukey test were used (α = 0.05).

Results
In maxillary molars with an MB2 canal, MB roots were significantly thicker (p = 0.0014) and narrower (p = 0.0016) than in maxillary molars without an MB2 canal. The dentin thickness of the palatal aspect of the MB1 canal was also significantly greater than that of MB roots without an MB2 canal at 3 mm from the root apex (p = 0.0007) and in the furcation region (p < 0.0001). In the furcation region of maxillary molars with an MB2 canal, the dentin thickness between the MB1 and MB2 canals was significantly smaller than that in the buccal and palatal aspects (p < 0.0001).

Conclusions
The internal morphology of MB roots of maxillary molars with an MB2 canal revealed differences in dentin thickness, root diameter, and distance between the canals when compared with maxillary molars without an MB2 canal.
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INTRODUCTION
Recent studies in the scientific literature have reported a high percentage of failure to fill second mesiobuccal (MB2) canals during endodontic treatment of maxillary molars [123]. The most likely reason for this finding is the high prevalence of MB2 canals, which are associated with a wide variety of configurations of the internal anatomy of the mesiobuccal (MB) root [45]. When both first mesiobuccal (MB1) and MB2 canals are present, they may have single or separate orifices on the pulp chamber floor and may also merge at some point or remain independent throughout the MB root of maxillary molars. An MB2 canal may also be underneath a dentin shelf or calcifications in a small groove. These factors can make it difficult for clinicians to detect MB2 canals [456].
Because of the different configurations of the MB root, the presence of an MB2 canal can be expected to be related to additional anatomical variations, which—depending on their complexity—can limit the cleaning, shaping, and, consequently, filling of the root canal system and compromise the success of endodontic treatment [7]. Accurate detection and treatment of MB2 canals can prevent pain after endodontic treatment, as well as sinus tract formation, gingival swelling, and periapical bone destruction [78].
Because of these factors, previous studies have focused on the canal configuration, number of canals, presence of accessory canals and isthmuses, and apical delta of MB roots in maxillary molars [910111213]. Another study evaluated the dentin thickness in the danger and safety zones in MB roots of maxillary molars with an MB2 canal [14]. Those studies all reported a high prevalence of MB2 canals (greater than 50%) in the maxillary first and second molars. Despite those important findings, it remains unclear in the literature whether the presence of an MB2 canal affects the anatomical aspects of the tooth; an answer to this question would have a positive clinical impact on endodontic treatment planning. To verify possible morphological differences in the MB root, a study needs to include both teeth with and without an MB2 canal, but research with this design is missing in the literature. Therefore, the aim of this study was to assess and compare the internal morphological characteristics of the MB root in teeth with and without an MB2 canal.

MATERIALS AND METHODS
This study was conducted after being approved by the local Institutional Review Board (protocol number: 10727319.9.0000.5418). Forty-seven maxillary first or second molars from Brazilians were selected and individually scanned using a Bruker 1174 micro-computed tomography (micro-CT) unit (Bruker, Kontich, Belgium). The age and sex of the tooth donors were unknown. An MB2 canal was present in 26 molars of the sample. The acquisition parameters were 800 μA, 50 kV, an aluminum filter of 0.5 mm, 1 frame averaging, rotation step of 0.5°, arch rotation of 180°, scan time of 45 minutes, and a voxel size of 31.03 μm. The volumes were reconstructed using the NRecon software (Bruker) and reoriented to vertically align the long axis of the molar using the Dataviewer software (Bruker).
Image assessment
From axial reconstructions at 3 mm from the apex of the MB root, the following linear measurements were obtained (Figure 1):
[image: Figure 1]
Figure 1 Cropped micro-CT axial sections at 3 mm from the apex of the mesiobuccal root with (upper row) and without an MB2 canal (lower row). For better visualization, the same root is shown in triplicate. (a) Root thickness, (b) Root width, (c) MB1 buccal segment, (d) MB1-MB2 segment, (e) MB2 palatal segment, (f) MB1 palatal segment.CT, computed tomography; MB, mesiobuccal.

a. Root thickness: largest bucco-palatal extension of the MB root, measured from the outermost point of the buccal aspect of the root to the outermost point of the palatal aspect of the root;
b. Root width: shortest mesio-distal extension of the MB root, measured in the central region of the root from the innermost point of the mesial aspect of the root to the innermost point of the distal aspect of the root;
c. MB1 buccal segment: dentin thickness in the buccal aspect of the MB1 canal, measured from the outermost point of the buccal aspect of the MB1 canal to the outermost point of the buccal aspect of the root;
d. MB1-MB2 segment (only when an MB2 canal is present): dentin thickness between the MB1 and MB2 canals, measured from the outermost point of the MB1 canal towards the MB2 canal to the outermost point of the MB2 towards the MB1 canal;
e. MB2 palatal segment (only when an MB2 canal is present): dentin thickness in the palatal aspect of the MB2 canal, measured from the outermost point of the palatal aspect of the MB2 canal to the outermost point of the palatal aspect of the root;
f. MB1 palatal segment (only when an MB2 canal is absent): dentin thickness in the palatal aspect of the MB1 canal, measured from the outermost point of the palatal aspect of the MB1 canal to the outermost point of the palatal aspect of the root.
Measurements c–f were also performed in axial reconstructions at 1.5 mm from the floor of the pulp chamber towards the furcation, as proposed by Harris et al. [15] (Figure 2).
[image: Figure 2]
Figure 2 Cropped axial sections of measurements taken from the furcation region of maxillary molars with an MB2 canal (A) and without an MB2 canal (B). (c) MB1 buccal segment, (d) MB1-MB2 segment, (e) MB2 palatal segment, (f) MB1 palatal segment.MB, mesiobuccal.

All measurements were performed in triplicate by an oral and maxillofacial radiologist with more than 3 years of experience in micro-CT using the CTAn software (Bruker, Kontich, Belgium) and averaged. Ninety days after the evaluation was completed, 25% of the sample was reevaluated to test the intra-examiner agreement.

Statistical analysis
Statistical analyses were performed using SPSS (version 24.0, IBM Corp., Armonk, NY, USA) with a level of significance of 5% (α = 0.05). To assess intra-examiner agreement, the intraclass correlation coefficient (ICC) was calculated for each measurement studied. The Shapiro-Wilk test showed a normal data distribution for all measurements (p > 0.05), and parametric tests were used. The Student’s t-test was used to compare the MB root thickness and width between maxillary molars with and without an MB2 canal. The Student’s t-test was also used to assess possible differences in the dentin thickness of the MB1 buccal and palatal segments between maxillary molars with and without an MB2 canal. In maxillary molars with an MB2 canal, the MB1 palatal segment resulted from the sum of the MB1-MB2 and MB2 palatal segments. One-way analysis of variance with the post-hoc Tukey was also used to compare the fraction (as a percentage) of the dentin thickness of the buccal, MB1-MB2, and palatal segments in relation to the total MB root thickness of teeth with the MB2 canal at the 2 axial levels.


RESULTS
The intra-rater reliability measured by the ICC of all measurements performed on each group of teeth (with and without an MB2 canal), showed almost perfect agreement, ranging from 0.988 to 0.999.
Table 1 shows the mean values of the MB root thickness and width. Maxillary molars with an MB2 canal showed significantly greater MB root thickness (p = 0.0014) and significantly smaller MB root width (p = 0.0016) than molars without an MB2 canal.
Table 1 Mean (variance) values of the MB root thickness and width in maxillary molars with and without an MB2 canal

[image: ]	Measurement	MB2 canal	p value
	With	Without
	Root thickness	5.18 (0.81)	4.30 (0.42)	0.0014
	Root width	2.05 (0.20)	2.55 (0.34)	0.0016

Student’s t-test, power analysis (0.05) = 0.9656.
MB, mesiobuccal.



Table 2 shows the mean values of the MB1 buccal and palatal segments at the 2 axial levels evaluated. In the presence of an MB2 canal, the MB1 palatal segment, which resulted from the sum of the MB1-MB2 and MB2 palatal segments, was significantly longer than in the absence of the MB2 canal at 3 mm from the root apex (p = 0.0007) and in the furcation region (p < 0.0001). The presence of an MB2 canal did not influence the MB1 buccal segment.
Table 2 Mean (variance) values of the MB1 buccal and palatal segments in maxillary molars with and without an MB2 canal

[image: ]	Axial level	Root segment	MB2 canal	p value
	With	Without
	3 mm from the apex	MB1 buccal	1.44 (0.10)	1.58 (0.12)	0.1314
	MB1 palatal	2.55 (0.58)*
	1.94 (0.12)	0.0007
	Furcation region	MB1 buccal	2.14 (0.11)	2.32 (0.13)	0.0850
	MB1 palatal	3.73 (0.33)*
	2.84 (0.20)	< 0.0001

Student’s t-test; power analysis (0.05) = 0.9995.
MB, mesiobuccal.
*Sum of the MB1-MB2 and MB2 palatal segments.


Table 3 shows the mean, variance, minimum, and maximum values of dentin thickness in teeth with and without an MB2 canal at the 2 axial levels evaluated. The MB1-MB2 segment was quite variable, with dentin thicknesses ranging from 0.29 to 3.48 at 3 mm from the apex and from 0.32 to 2.79 in the furcation region. Furthermore, the dentin thickness of the MB2 palatal segment in relation to that of the MB1 buccal segment in maxillary molars with an MB2 canal was smaller at 3 mm from the apex and greater in the furcation region.
Table 3 Mean, variance, minimum, and maximum values of dentin thickness at 2 axial levels of teeth with and without an MB2 canal

[image: ]	MB2 canal	Axial level	Root segment	Mean	Variance	Minimum	Maximum
	With	3 mm from the apex	MB1 buccal	1.44	0.10	0.90	2.08
	MB1-MB2	1.33	0.65	0.29	3.48
	MB2 palatal	1.26	0.22	0.25	2.06
	Furcation region	MB1 buccal	2.14	0.11	1.28	2.88
	MB1-MB2	1.56	0.53	0.32	2.79
	MB2 palatal	2.29	0.23	1.64	3.59
	Without	3 mm from the apex	MB1 buccal	1.58	0.12	1.00	2.11
	MB1 palatal	1.94	0.12	1.23	2.60
	Furcation region	MB1 buccal	2.32	0.13	1.66	3.09
	MB1 palatal	2.84	0.20	2.17	3.64

MB, mesiobuccal.


Table 4 shows the fraction (in percentage) of dentin thickness of the MB root segments in relation to the total root thickness of teeth with an MB2 canal at 3 mm from the apex and in the furcation region. Only in the furcation region, the dentin thickness of the MB1-MB2 segment was significantly smaller than those of the buccal and palatal segments (p < 0.0001), which were not significantly different from each other (p = 0.271).
Table 4 Fraction (as a percentage) of dentin thickness of MB root segments in relation to the total root thickness of teeth with an MB2 canal at 2 axial levels

[image: ]	Axial level	Root segment	p value
	MB1 buccal	MB1-MB2	MB2 palatal
	3 mm from the apex	0.35 (0.09)	0.33 (0.15)	0.32 (0.11)	0.2710
	Furcation region	0.36 (0.05)A	0.26 (0.10)B	0.38 (0.07)A	< 0.0001

One-way analysis of variance; values followed by different letters are significantly different between the root segments (horizontal comparisons).
Power analysis (0.05) = 0.90.
MB, mesiobuccal.



DISCUSSION
Cases of unsuccessful endodontic treatment involving the MB root in maxillary molars have become a topic of concern due to the frequent association between persistent lesions and unfilled MB2 canals [123]. Therefore, in this study, we aimed to assess the morphological characteristics of MB roots with and without an MB2 canal, which, to the best of our knowledge, have not been investigated. Interestingly, most of the measurements obtained in the present study were significantly different in the presence of an MB2 canal, and we believe that these findings can positively contribute to treatment planning, as they shed light on some challenging conditions in the presence of an MB2 canal.
The assessment of the MB root thickness (i.e., the largest bucco-palatal extension) suggested that the presence of an MB2 canal is associated with expansion of the MB root in this direction. Furthermore, unlike our previous hypothesis, the dentin thickness in the buccal aspect of the MB1 was not reduced in the presence of the MB2 canal, which seems to be primarily related to palatal overextension of the MB root as a consequence of a significant increase in the MB1-MB2 and palatal dentin segments. This results in an oval shape of the axial aspect of the MB root, instead of a round shape when an MB2 canal is absent.
Based on our findings related to the MB root width (i.e., the shortest mesio-distal extension), the absence of a single central canal when an MB2 canal is present may contribute to narrowing in this region. This can be indicative of the presence of an MB2 canal and should be taken into account by clinicians when evaluating cone-beam computed tomography (CBCT) findings. In challenging cases when an MB2 canal is not detected even with CBCT, a non-centralized location of the MB1 associated with a narrowed central region may suggest the presence of an MB2 canal. However, it is important to remember that exposing all patients to a preoperative CBCT examination without a precise indication may not be appropriate because of the biological risks associated with X-rays. In such cases, making use of an examination previously acquired for other purposes should be considered as a way to detect an MB2 canal [16].
Another important result of the present study is that the MB1 and MB2 canals were closer to each other at the furcation level than at 3 mm from the apex, a region where the teeth had a similar dentin thickness of root segments. This is in line with our findings that dentin thickness of both the buccal and palatal segments was greater in the furcation, which confirms the close spatial relationship between the canals in this region. Furthermore, these results seem to explain the complexity related to the clinical detection of MB2 canals. Due to the proximity between MB1 and MB2 canals, clinicians can often overlook the presence of an MB2 canal, resulting in a relatively high frequency of unfilled MB2 canals in endodontically treated teeth [123].
Recent studies have shown that the amount of dentin removed during endodontic treatment depends on the endodontic instrument used in the preparation and shaping of MB1 and MB2 canals [1718]. Therefore, dentists should pay special attention to this issue and consider our finding that the dentin thickness in the buccal aspect of an MB1 canal was reduced regardless of the presence of an MB2 canal. Another relevant finding of the present study was that the dentin thickness of the buccal and palatal segments in both canals (MB1 and MB2) was smaller at 3 mm from the apex than in the furcation region. Given this fact, the use of an instrument causing greater dentin wear can lead to a considerable loss of structure in this region, which has been described as an important etiological factor for the occurrence of vertical root fracture [19].
In this study, we chose not to divide teeth into first and second molars because our objective was to assess whether the presence of an MB2 canal could be associated with the presence of morphological changes in the MB root without observing other factors. Since this was a pioneering study comparing teeth with and without an MB2 canal, we chose not to take into account the tooth type. Furthermore, because the 2 groups (with and without an MB2 canal) were composed of first and second molars, they could be compared to each other. Furthermore, the power analysis for all tests was fairly high, reinforcing the reliability of our results. Nevertheless, future studies comparing the morphological characteristics of the MB2 canal of different tooth types are recommended.
In this present study, 2 reconstructions were standardized across the sample using a previous study as a reference [15] to avoid a situation where the examiner would choose reconstructions without clear criteria. These 2 axial reconstructions (at 3 mm from the apex and 1.5 mm from the pulp chamber floor towards the furcation) were chosen because we wanted to conduct between-group comparisons in a region corresponding to the beginning of the root and in a region around the middle third of the root or below that point. Regions above that point were avoided because they are very close to the furcation.
The main objective of this study was to analyze MB roots in the presence and absence of an MB2 canal to identify patterns that clinicians should be aware of when making use of CBCT exams. Although micro-CT scans are not performed in living patients, this imaging modality delivers ultra-high-resolution images, which allowed us to precisely test our hypotheses that the presence of an MB2 canal would be related to important anatomical changes in the MB root.
Despite the relevance of the present results, the lack of information related to the sex and age of the tooth donors is a limitation. Thus, future studies should take these factors into account for a better investigation of additional relevant elements influencing the morphological characteristics of MB2 canals. Because this study was performed in a Brazilian population, caution is needed when extrapolating our results to different populations. Therefore, future studies evaluating different anatomical configurations, measurements, and analyses in teeth from other populations are encouraged.

CONCLUSIONS
The presence of an MB2 canal in maxillary first and second molars was found to be related to important variations in the internal morphology of the MB root, such as differences in dentin thickness, root diameter, and distance between the canals in the MB root when compared with maxillary molars without an MB2 canal. Thus, a careful assessment of the morphological characteristics of the MB root may aid in MB2 canal detection.
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