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Abstract.

BACKGROUND: Retromolar canal (RMC) arises from the mandibular canal (MC) behind the second or third molar and travels
anterosuperiorly to a retromolar foramen (RMF). RMCs and RMFs have generally been ignored in anatomical textbooks and
have rarely been reviewed or studied in the anatomical and dental literature until the last decades.

OBJECTIVE: This study aimed to characterize RMF in a Chinese population concerning its incidence, origin, and classification
via anatomical study and periapical radiography.

METHODS: 123 dry adult Chinese mandibles were collected to observe the incidence of RMFs. RMFs were determined using
a steel wire 0.5 mm in diameter. The passways or origins of the retromolar canal (RMC) were determined and classified via
periapical radiography. For each RMF, two dentists independently measured the diameter and its distances to the lingual cortex,
the buccal cortex, and the distal edge of the last tooth (or the alveolar fossa) using a vernier caliper.

RESULTS: The incidence of RMFs was 31.71%. The average RMF diameter was 0.78 + 0.27 mm. From RMEF, the distance
was 4.27 £ 1.87 mm to the lingual cortex, 8.61 £ 2.23 mm to the buccal cortex, and 7.84 + 3.87 mm to the distal edge of
the last tooth (or the alveolar fossa). RMCs were classified into MC type originating from the mandibular canal and AF type
originating from the alveolar fossa. The diameters of MC ones were more significant than those of AF ones. There was no
apparent correlation between the existence of the third molar and the presence of an RMF.

CONCLUSION: The incidence of RMFs in Chinese may be about one-third, which is a potential factor in the onset of surgery
accidents. RMCs can be classified into two types by their origins. One of them is MC, which originates from the mandibular
canal, and the other is AF, which originates from the alveolar fossa.
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1. Introduction

Retromolar canal (RMC), an anatomical variation in the posterior mandible, arises from the mandibular
canal (MC) behind the second or third molar and travels anterosuperiorly to a retromolar foramen (RMF),
which is located on the surface of the mandibular retromolar area, within or around the retromolar triangle
(RMT) [1]. RMCs contain a myelinated nerve branching from the inferior alveolar nerve, small arteries,
and venules [2-4].

RMCs and RMFs have generally been ignored in anatomical textbooks and have rarely been reviewed
or studied in the anatomical and dental literature until the last decades [5—7]. With the development of
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radiography in recent years, especially clinic application of CBCT, RMCs, and RMFs were found to
be associated with several surgical complications during dental surgical procedures in the RMT region,
such as local anesthetic failure, local hemorrhage during procedures and postoperative loss of sensation
in the normal distribution of the buccal nerve [8—11]. The existence of RMCs and RMFs increases
the risks of oral operations involving the mandibular molar area and the retromolar region, like dental
implant treatment, mandibular sagittal split surgery, impacted third molar extraction, and autologous bone
harvesting [12].

Therefore, some studies on RMF incidence and RMC classification in different countries and popu-
lations [13—18] have been reported aiming to facilitate surgical intervention and protect patients from
potential complications. However, few studies have been few reported to address the anatomy of RMF in
a Chinese population. Thus, we aimed to characterize RMFs in a Chinese population through anatomical
study and periapical radiography.

2. Method

123 dry cadaveric mandibles from Chinese adults of unknown sex or age were obtained from Southern
Medical University (Guangzhou, China). All specimens were morphologically representative adult
mandibles without atrophy or partial damage. To observe the presence of RMF (bilateral or unilateral),
and its relationships with the last tooth.

RMFs were determined using a non-beveled stainless steel orthodontic wire with a diameter of
0.5 mm [5], which was required to enter a possible RMF without a resistant force. A foramen with a
diameter of less than 0.5 mm was not regarded as an RMF. After an RMF was identified, gutta-percha
was introduced into it, and a steel wire was introduced into the mandibular canal for radiography to show
the RMC course. The diameter of each RMF and its distances to the distal edge of the last tooth (or the
alveolar fossa), to the lingual cortex, and the buccal cortex was measured using a vernier caliper.

All measurements were performed independently by two dentists and repeated three times. To ensure
the accuracy of the data, we calculated the average of each measurement. Unpaired two-sample ¢-tests
were used to determine whether there were between-group differences concerning for RMF diameter and
the distances from RMF to the lingual cortex, the buccal cortex, and the last tooth. We also sought to
determine the association between the presence of RMCs or RMFs and the presence of the third molar
using Pearson’s chi-square test. All statistical analyses in this paper were performed using SAS 9.4 (SAS
Institute, Inc., Cary, NC, USA).

3. Results

In this study, RMFs were identified in 39 out of the 123 mandibles (31.71%). Of the 39 mandibles,
RMF was found on the left side in 13 (33.33%), on the right side in 15 (38.46%), and on the bilateral
side in 11 (28.21%) (Table 1). Interestingly, we observed double left RMFs in 2 mandibles, double right
RMFs in 2 mandibles, and double bilateral RMFs in 1 mandible (Fig. 1).

Periapical radiography revealed two origins of RMCs in 56 RMFs. 29 RMCs (51.79%) originated from
the mandibular canal and 27 (48.21%) from the alveolar fossa of the second or third molar. Accordingly,
we classified RMCs into two types: the MC type originated from the mandibular canal and the AF type
originated from the alveolar fossa (Fig. 2).
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Table 1

Descriptive table for RMFs

Variable Mean Std dev

Minimum  Maximum

D 0.078  0.027
L 0427  0.187
B 0.861  0.223
Re 0.784  0.387

0.050
0.210
0.454
0.180

0.016
0.868
1.188
1.970

D = diameter, L = lingual distance, B = buccal distance,

Re = Retromolar distance.

Table 2

Descriptive table for diameters of the two types

Variable Mean Stddev Minimum Maximum
MCtype D 0.089 0.031 0.050 0.160

L 0.429 0.178 0.216 0.828

B 0.848 0.234 0.480 1.188

Re 0.840 0.441 0.218 1.970
AFtype D 0.067 0.016 0.050 0.114

L 0.425 0.200 0.210 0.868

B 0.876 0.213 0.454 1.148

Re 0.724 0.317 0.180 1.380

D = diameter, L = lingual distance, B = buccal distance, Re
= Retromolar distance, MC = mandibular canal, AF = alveolar
fossa.
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Fig. 1. RMFs observed in dry mandibles. RMF on the left side; B. RMF on the right side; C. double RMFs on the right side.
Periapical radiography revealed two origins of RMCs in 56 RMFs. 29 RMCs,

The average diameters of MC and AF types were 0.89 + 0.31 mm and 0.67 + 0.16, respectively
(Table 2). A Comparison of the average diameters for the two types by a ¢-test showed P = 0.0010,
indicating a significant difference between the two types in diameter (Fig. 3). Therefore, RMFs connected
to the mandibular canal had a larger diameter than RMFs connected to the alveolar fossa. However, no
significant between-group differences were observed in the distances to the buccal cortex, the lingual
cortex, or the last tooth (Figs 4—6). Pearson’s chi-square test demonstrated no association between the

presence of RMCs or RMFs and the presence of the third molar (P = 0.6724).



S500 X. Ren et al. / Characterization of a retromolar foramen in a Chinese population: A radiographic study

Fig. 2. Periapical radiography showing the passway and origin of an RMC. A&B. The MC type RMC originates from the
mandibular canal; C&D. The AF type RMC originates from the alveolar fossa.
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Fig. 3. Boxplot showing diameters of the two types of RMC. T-test for diameters. P = 0.0010, indicating a statistical significance
between the two types (comparing the average diameter between the two types).

4. Discussion

It can definitively be stated that in cases which involving local anesthetic failure, local hemorrhage
during procedures, and/or postoperative loss of sensation in the normal distribution of the buccal nerve,
dentists are advised to consider an RMC as a possible cause [19]. Considering these syndromes mainly
occur in an impacted third molar extraction, we wonder whether there may be any association between the
presence of RMCs or RMFs and presence of the third molar. Pearson’s chi-square test demonstrated no
such an association. Dentists usually make a definite diagnosis of an impacted third molar by panoramic
radiography, by which it cannot identify the existence of RMF as it is by CBCT [20]. Since the existence
of RMF cannot be judged by the existence of a third molar, we suggest that to identify an RMF, a CBCT
should be conducted before an impacted third molar extraction to reduce associated syndromes.

Previously published studies have indicated that the incidence of RMFs ranges from 1.7% to 75.4%
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Fig. 4. Boxplot showing buccal distances in the two types of RMC. T-test for buccal distance. P = 0.6347 , indicating no
statistical significance between the two types.
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Fig. 5. Boxplot showing the lingual distances in the two types of RMC. T-test for lingual distances. P = 0.9374, indicating no
statistical significance between the two types.

in different populations [13—18]. This difference is likely attributable to several factors, such as ethnic
differences, genetic or environmental characteristics, and various sample sizes of the studies concerned. In
our study, the incidence of RMFs we found was 31.71% in Chinese mandibles, similar to the data reported
by Rossi in a Brazilian investigation [21]. However, we found it interesting that even in a single ethnic
group, various incidences of RMFs were reported in neighboring populations and countries. For example,
the incidence reported by Japanese investigations can be as low as 3.2% and as high as 75.4% [8,13]. All
these variations might imply that the incidence of RMFs can be an issue that is more complex than we
imagined. Its influencing factors may be worthy of further research. The absence of uniform study design
or inclusion criteria across studies might have been a significant one.

We tried to improve our study design and inclusion criteria in our study. First, we used a minimum
diameter of 0.5 mm following the approach employed by Ossenberg rather than the 1.0 mm threshold
utilized by Bilecenoglu [6,8] because in several reports [22], canals with a diameter of less than 1.0 mm
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Fig. 6. Boxplot was showing retromolar distances in the two types of RMC. T-test for retromolar distances. P = 0.2662,
indicating no statistical significance between the two types.

had been found by CBCT to be connected to mandibular canals. Such canals would have been excluded if
an inclusion criterion of 1.0 mm had been applied. We found several RMCs with a diameter of less than
1.0 mm in this study. Secondly, we introduced gutta-percha rather than a steel wire into RMFs to visualize
the passway and origin of each RMC because of the flexibility and radiodensity of gutta-percha. This
approach resulted in clear and distinct periapical radiographic images [23]. Additionally, we believed
as steel wire is not soft enough, it can destroy the skeletal structure and incorrect visualization of the
mandible.

In Sisman’s classification [24], RMCs were classified by their pathway and direction, but we classified
RMC:s by their origin, mandibular canal, or alveolar fossa. Generally, RMCs are believed to originate
from the mandibular canal. Unexpectedly, we found 27 RMCs (48.21%) originating from the alveolar
fossa rather than the mandibular canal. We found that the two types of RMFs are in a constant area since
there are no significant differences in the distances to the buccal cortex, the lingual cortex, or the last
tooth. However, we found that RMCs connected to the mandibular canal had a significantly larger average
diameter than those connected to the alveolar fossa. Did they have the same contents now that the two
distinct types of RMCs had different diameters? It has been postulated that the contents of RMFs and
RMC:s consist of small arteries and venules and a thinly myelinated nerve branching from the inferior
alveolar nerve [2,25]. However, the postulation cannot explain why there exists a type of RMC originating
from the alveolar fossa rather than from the mandibular canal, and why the two distinct types of RMCs
have different diameters. The findings in the present study on the RMFs reminded us of what we have
observed in the clinic regarding the contents of RMC:s. In clinical practice, we sometimes found in an
impacted third molar operation that a wispy retromolar blood vessel from the RMF was too thin compared
with the descriptions and photos in the reports published on similar surgery [6,22,26]. This indicates that
the contents of RMCs may be varied. Our findings in the present study led us to believe that RMCs of AF
type might contain only tiny blood vessels without a nerve originating from the inferior alveolar nerve. In
contrast, RMCs of MC type might contain a neurovascular bundle originating from the mandibular canal.
If the contents of RMCs can be clarified, it is of great significance to dental surgery.

However, the above speculation, though somewhat reasonable, is the major limitation of the present
study. Clarifying the contents of the two types of RMCs needs further micro-anatomic in vivo study in
new mandibles. We only had dry mandibles available for this study. Apart from what we characterized
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here about RMCs in a limited number of Chinese mandibles, there must be much to be investigated about
this anatomic variation. Why do RMCs arise? Have we known all of its possible clinical significance?
What are their possible mechanisms? Why do they vary in origin? How do they vary across ethnic groups?
All these problems are so attractive that further research using various means and data available is worthy
and necessary.

5. Conclusions

In this study, RMCs can be classified into two types by their origins, MC ones originating from the
mandibular canal and AF ones originating from the alveolar fossa. The incidence of RMFs in Chinese may
be about one-third. It is clinically significant to localize RMCs accurately before dentoalveolar surgery,
which is a potential factor in the onset of surgery accidents. The clinician must consider modifying the
dental treatment plan to prevent complications during the treatment procedure.
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