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ASSESSMENT OF ANATOMICAL VARIATIONS
OF MEDIAN LINGUAL CANALS: A CBCT STUDY

Dina F. Ahmed” and Ahmed M. Abd Alsamad™

ABSTRACT

Objectives: To investigate the presence, the number, the anatomic location, the course and
morphology of median lingual canals in edentulous patients using cone beam computed tomography
(CBCT).

Subjects and methods: Fifty completely edentulous patients were recruited from the outpatient
clinic of the Prosthodontics Department, Faculty of Dentistry, Cairo University. All patients in this
study were seeking to improve the retention of their mandibular complete dentures through dental
implants. Patients were of age ranging from 50 to 70 years. A CBCT scan was performed for all
patients to evaluate the edentulous area prior to implant placement. The number, the anatomical
location and morphology of the median lingual canals were assessed by two Oral and Maxillofacial
Radiologists. Additionally, the slope of the canals, the distance between the alveolar crest and the
terminal ends of the median lingual canals; the length and the diameter of the median lingual canals

were also assessed.

Results: All patients had at least one median lingual canal. Supra-spinosum canals were more
frequent than infra-spinosum canals. Regarding the anatomical lingual canal morphology, Type
E, A and D showed the greatest frequency. Most of the supra-spinosum canals sloped downward
toward the labial surface, while most of the infra-spinosum canals sloped upward toward the labial
surface. The distance between the buccal terminal end of the canal and the alveolar crest ranged
between (3.6 - 21.2 mm) for supra-spinosum canals and (9.4 - 24.8 mm) for infra-spinosum canals.
The distance between the lingual terminal end of the canal and the alveolar crest ranged between
(2.7 - 19.4 mm) for supra-spinosum canals and (10.8 - 30.4 mm) for infra-spinosum canals. The
canal length was found to be (3.5-15.3 mm) for supra-spinosum canals and (2.4 - 10.2 mm) for
infra-spinosum canals. The average diameter of all canals ranged between (0.4 - 1.2 mm).

Conclusions: Determination of the number, the position as well as the diameter of median
lingual canals before mandibular midline implant surgery in edentulous patient is important as these
canals are constant anatomical landmark which have both vascular and neurosensory components.

* Lecturer of Oral and Maxillofacial Radiology, Faculty of Dentistry, Cairo University.
** Associate Professor of Oral and Maxillofacial Radiology, Faculty of Dentistry, Cairo University.
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INTRODUCTION

Accurate identification of important anatomical
structures during the pre-operative stage of the
implant procedure helps the clinician to avoid
complications during surgery. Several reports
indicated neurovascular complications following
surgical interventions in the mandibular midline
region'?. Cone beam computed tomography has been
shown to be superior to conventional radiographic
techniques in displaying the mandibular lingual
canals®>?. Previous studies showed variations in
number, location, morphological appearance of
these canals in humans from different geographical
regions*. To date, several studies have described
the midline lingual canals in different races>’.
However, no studies investigated the frequency,
location, morphological variations as well as linear
measurements of the midline lingual canals in an
Egyptian population.

SUBJECTS AND METHODS

This study included 50 completely mandibular
edentulous patients who were recruited from the
outpatient clinic of the Prosthodontics department,
Faculty of Dentistry, Cairo University. CBCT
scans were taken for all patients as part of their
preoperative assessment for implant supported
rehabilitation. The age of the patients ranged from
50 to 70 years. 38 patients were males and 12
patients were females. Patients with any systemic
conditions that contraindicates implant placement
were excluded from the study. Exclusion criteria also
included bone pathology in the mandibular region.
An informed consent had to be signed and approved
by all patients before CBCT imaging and implant
installation. The study proposal was approved from
the Ethical committee of Faculty of Dentistry Cairo
University since 13 June 2016 (Ethical Approval
Number: 16/6/10).

The CBCT scans were obtained by Planmeca
Pro Max 3D Mid (Helsinki, Finland) at the Oral
and Maxillofacial Radiology Department, Faculty
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of Dentistry, Cairo University using the standard
patient positioning protocol. All patients were
scanned using a tube potential of 90 kVp, a tube
current of 10 mA, a cylindrical field of view of
20x6cm and a voxel size of 400um. The acquired
images were processed with Romexis software and
measurements were taken using the measurement
tools of Romexis software under magnification
and brightness and contrast adjustment. The scans
were analyzed in a PC running Microsoft Windows
10 (Microsoft Corp, Redmond, WA, USA). All the
observations and measurements were carried out by
two Oral Radiologists experienced in CBCT scan
interpretation.

In order to detect the median lingual canals,
the midline had to be determined. In literature, the
midline was defined as the line running between
the pogonion and the apex of the mental spine of
each mandible®. The midline was drawn on the axial
image from the convexity of genial tubercle (mental
spine) to the mental ridge. In order to standardize
the procedure, the slice thickness and the spacing
between all cuts were adjusted at 0.4mm. Five
consecutive sagittal cuts on each side of the midline
were carefully used for the assessment of the
following aspects:

I- The appearance and morphological varia-
tions of median lingual canals

1- The presence and number of median lingual
canals: The canals were further classified
according to their relation to the mental spine
into supra-spinosum for canals that open above
the mental spine and infra-spinosum for canals
that open below the mental spine.

2- The anatomical lingual canal morphology: The
classification suggested by Abesi et al.® was
used (Figure 1).

Oral
used for the

Agreement between the two and

Maxillofacial Radiologists was
assessment of the appearance and morphological

variations of the genial spinal canals.
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Fig. (1) The classification of canal morphology by Abesi et al.?

II- Linear measurements

1- Distance between the upper border of both the
buccal and lingual terminal ends of each canal
and the alveolar crest.

2- Length of each canal.

3- Diameter of both lingual and buccal terminal

ends of each canal.

The average readings of the two Oral and
Maxillofacial Radiologists were taken for the
assessment of the linear measurements.

RESULTS

1) Gender and age:

In this study, males were predominant with 38
(76%) while females were 12 (24%). Mean value
of age of all participants was (60.3+5) years with
minimum of 50 years and maximum of 70 years.

2) Number and location of canals:

Each patient showed at least one canal. Supra-
spinosum canal was found in 49 patients where 8 of
them showed 2 foramina. The mean value of canal
number was (1.1+0.4). Infra-spinosum canal was

found in 38 patients where 10 of them showed 2
foramina. The mean value of canal number was
(1+0.7) (Table 1-2).

TABLE (1) The number of Supra-spinosum and

Infra-spinosum canals

Total number | Number of Number of
of patients | patients with | patients with
with canal one foramen | two foramina

Supra-

spinosum 49/50 41 8
canal
Infra-

spinosum 38/50 28 10
canal

TABLE (2) The number and percentage of patients

with different number of Median Lingual

Canals
Number | Percentage
Patients with one foramen 10 20%
Patients with two foramina 28 56%
Patients with three foramina 9 18%
Patients with four foramina 3 6%
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3) Anatomical lingual foramen morphology:

For the lingual canal morphology, 18 patients
(36%) showed type E followed by 7 patients (14%)
showed type A, followed by 7 patients (14%)
showed type D, followed by 3 patients (6%) showed
type B where 15 patients (30%) showed other
morphologies than those suggested by Abesi et al.®
in their classification (Figure 2-4).

4) Canal Slope:

In supra-spinosum canals, 93% of the canals
sloped downwards in the vertical direction (slope
direction is from lingual surface to labial surface),
3.5% of the canals sloped upwards and 3.5% of the
canals were horizontal.
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Fig. (2) Pie chart showing the number and percentage of the
different lingual canal morphologies in our study

Fig. (3) CBCT images showing morphology of lingual canal where images (i) & (ii) represent type A, image (iii) represents type

B, image (iv) represents type E, image (v) represents type D.

Fig. (4) CBCT images showing morphology of lingual canal other than the classification of Abesi et al.?



ASSESSMENT OF ANATOMICAL VARIATIONS OF MEDIAN LINGUAL CANALS:

For infra-spinosum canals, 75% of the canals
sloped upwards in the vertical direction (slope
direction is from lingual surface to labial surface)
while 6% of the canals sloped downwards and 19%
were horizontal.

5) Distance between upper border of the buccal
terminal and alveolar crest:

The mean value of distance between upper
border of the buccal terminal and alveolar crest in
supra-spinosum canals was (14.4+4.2 mm) with a
range of (3.6- 21.2 mm). The infra-spinosum canals
showed mean value of (16.5+4.4 mm) with a range
of (9.4 - 24.8 mm).

6) Distance between upper border of the lingual
terminal and alveolar crest:

The mean value of distance between upper
border of the lingual terminal and alveolar crest in
supra-spinosum canals was (9.6£3.8 mm) with a
range of (2.7 - 19.4 mm). The infra-spinosum canals
showed mean value of (19.9+4.8 mm) with a range
of (10.8 - 30.4 mm).

14 patients (28%) showed a distance more than
12 mm between the highest point of the canal and
the crest of alveolar ridge, while 36 patients (72%)
showed a distance less than 12 mm between the
highest point of the canal and the crest of alveolar
ridge (Table 3).
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TABLE (3) The number and percentages of patients
with bone height greater and lesser than
12mm

Number of patients with Number of patients with

more than 12 mm less than 12 mm

14 patients (28%) 36 patients (72%)

7) Canal Length:

The mean value of canal length in supra-
spinosum canals was (8.8+2.1 mm) with a range of
(3.5 -15.3 mm). The infra-spinosum canals showed
a mean value of (7.1+1.7 mm) with a range of (2.4
- 10.2 mm).

8) Diameter of Lingual terminal:

The mean value of diameter of lingual terminal
of supra-spinosum canals was (0.6+0.2 mm) with a
range of (0.4 -1.1 mm). The infra-spinosum canals
showed mean value of (0.6+0.2 mm) with a range of
(04 -1.2 mm).

9) Diameter of Buccal terminal:

The mean value of diameter of buccal terminal
of supra-spinosum canals was (0.6+0.2 mm) with a
range of (0.4 -1.1 mm). The infra-spinosum canals
showed mean value of (0.5+0.2 mm) with a range
of (04 - 1 mm).

TABLE (4) The mean, standard deviation and range of the different linear measurements.

Linear Measurements Mean + SD Range

Supra-spinosum 144442 mm 3.6-21.2 mm
Distance upper border of the buccal terminal and alveolar crest

Infra-spinosum 16.5+4.4 mm 94 -24.8 mm

Supra-spinosum 9.6+3.8 mm 2.7-194 mm
Distance upper border of the Lingual terminal and alveolar crest

Infra-spinosum 19.944.8 mm 10.8 - 30.4 mm

Supra-spinosum 8.8+2.1 mm 3.5-153 mm
Canal Length

Infra-spinosum 7.1+1.7 mm 24-102 mm

Supra-spinosum 0.6+0.2 mm 04 -1.1 mm
Diameter of Lingual terminal

Infra-spinosum 0.6+£0.2 mm 04-12mm

Supra-spinosum 0.6+0.2 mm 0.4-1.1 mm
Diameter of Buccal terminal

Infra-spinosum 0.5£0.2 mm 04-1mm
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DISCUSSION

With the increased use of dental implants to
replace missing teeth in the jaws, the number of
implants used in the mandibular anterior region
also increased. The anatomic structures in this area
have recently gained attention as several studies
reported hemorrhage with the possibility of airway
obstruction as well as sensory disturbances after
implant preparation in the midline mandibular
region®!’. A search in the literature even revealed
a few cases of life-threatening bleeding following
surgical procedures in this area'. Different cadaveric
studies reported that neurovascular structures
enter the mandible through the foramina in the
lingual side of the midline region of the mandible,
although its contents are still a matter of debate'>'3,
The variability of the location and morphology of
these canals as well as its clinical significance may
stress the importance of its accurate radiographic
identification and description. The identification
of the midline lingual foramina and its canals has
significantly improved with the use of 3-D imaging
techniques used for preoperative planning of dental
implants'. Different investigators found it difficult
to locate the median lingual canals on conventional
radiographic techniques. McDonnell et al. stated
that these canals have an inclined path in relation to
the lingual surface of the mandible and therefore if
the x-ray beam is not aligned parallel to the long axis
of the canal, then it would not show on the resultant
radiograph '5. In their study this was the case in 49%
of the specimens. Poyton and Pharoah also reported
that only a small number of intra-oral radiographs
could show the median lingual foramina'®. Jacobs
et al.added that also observer experience may affect
the ability to detect the median lingual foramina
on conventional radiographs'’. Furthermore; it is
possible that race and ethnic background may show
differences in the anatomy of these canals!®.

In contrast to 2-D imaging, CBCT imaging is
not affected by beam orientation and therefore the
identification of these canals was easy in our study.
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The presence of median lingual canals was found
in all of our cases. This was in accordance with a
number of previous studies in which the frequency
of the midline lingual canals ranged between (98-
100%)**'51° . However, other studies showed a
slightly lower frequency of these canals®?!. The
reason why the frequency of median lingual canals
was higher in our study is may be due to the high
spatial resolution of the CBCT images. Another
reason may be the anatomical variations among
people from different regions. However, in a CT
study by Jacobs et al., the median lingual canals
were found in only 82% of the images'”. A possible
explanation for this discrepancy is that the CT scans
do not provide reformatted cross-sectional cuts
exactly in the midline mandibular region. Another
reason might be the Imm slice thickness which may
mask the canals of smaller diameters.

Regarding the different locations of median
lingual canals, we found that supra-spinosum canals
were present in 49 of our patients (98%) where 8
of them showed two canals. Infra-spinosum canals
were found in 38 patients (76%) where 10 of them
showed two canals. Sheikhi et al.also showed very
similar results’. They reported that the frequencies
of the supra-spinosum canals and infra-spinosum
canals were 99% and 74.5% respectively. Although
with slightly different frequencies (87% Supra-
spinosum and 84% Infra-spinosum), Kawei et al.
also showed higher frequency for supra-spinosum
than infra-spinosum canals®. However, Ebrahimi
et al. reported considerably lower frequencies for
both supra and infra-spinosum canals (80.3% and
32.7% respectively)’. The clinical significance that
our study showed that 98% of the median lingual
canals are in a position superior to the mental spine
and having a long path is the great possibility of
its penetration during implant surgery. The same
risk can also be seen if the slope of the canal is
directed upwards. Furthermore, among our patients,
the presence of two lingual foramina for median
lingual canal was the most frequent (56%). This
was the case in a number of other studies®'*?2, On
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the contrary, Liang et al. and Tepper et al. found
that a single lingual foramen was more frequent®24,
Our study comes also in agreement with Katakami
et al. in that some patients showed up to 4 midline
lingual foramina®. However, in clinical practice,
the distance from the alveolar crest, not the number,
is the factor to be considered to avoid the possible
complications.

In our study we used the classification proposed
by Abesi et al® for the assessment of the lingual
canal morphology. 36% of our patients showed
type E, 14% showed type A, 14% showed type
D, 6% showed type B and 30% showed different
morphologies than those suggested by Abesi et al ®
(Figure 2-4). However, our results were different
from those obtained by Abesi et al.®. They showed
that most of their patients were type B (54%) and A
(39.5%). Again, the different ethnic background is
probably the cause of this discrepancy.

In our study we found that most (93%) of the
supra-spinosum canals sloped downwards in the
vertical direction (slope direction is from lingual
surface to labial surface) while only 3.5% sloped
upwards and the same percentage ran horizontally.
For infra-spinosum canals, 75% of these canals
sloped upwards in the vertical direction (slope
direction is from lingual surface to labial surface),
19% of the canals were horizontal while only 6%
sloped downwards. Sheikhi et al. and Kawai et
al. also stated the majority of the superior lingual
canals were running downward to the labial side™
6. The clinical significance of the assessment of the
canal slope is that the upward slope direction is
more liable for injury during implant insertion.

According to the results of this study, the mean
value of the distance between the alveolar crest and
the upper border of the buccal terminal in supra-
spinosum canals was (14.4+4.2 mm). In case of infra-
spinosum canals our results showed a mean value of
(16.5+4 .4 mm). We also found that the mean value
of distance between upper border of the lingual
terminal and alveolar crest in supra-spinosum canals
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was (9.6+3.8 mm). For the infra-spinosum canals
the mean value was (19.9+4.8 mm). Currently, the
most commonly used implant length in the midline
mandibular region is 10mm?%*’, and a safety margin
of 2mm is recommended 2. Therefore, the distance
from the alveolar crest should be more than 12mm
in order not to injure the nearby neurovascular
structures. Our results suggest that the lingual
terminal of supra-spinosum canals is more liable of
being injured during implant surgery. In addition,
only 28% of our patients showed a distance of
more than 12 mm between the highest point of
the canal and the crest of alveolar ridge, while the
majority 72% showed a distance less than 12 mm
between the highest point of the canal and the crest
of alveolar ridge. These result were different from
those obtained by He et al. who found that only
32% of their patients showed a vertical distance
less than 12mm?. The reason of this discrepancy
might be that all of our patients were edentulous and
crestal bone resorption occurs soon after extraction.
Hereby we recommend that a CBCT scan should be
performed prior to implant installation in this region
to avoid violation of these canals.

Regarding the length of the canals, we found
that the mean length of supra-spinosum canals
was (8.8+2.1 mm) and that of the infra-spinosum
canals was (7.1x1.7 mm). These results were close
to those obtained by Sheikhi et al.’. Similarly, the
50 dry mandibles examined by Liang et al. showed
a slightly smaller mean value for the length of both
superior and inferior canals*.

A number of previous studies also measured
the diameter of the midline lingual canals. They
stated that the diameter of these canals is the factor
that determines the risk of severe bleeding when
traumatized. They assume that the diameter of these
canals is proportional to the diameter of the artery
passing through. They stated that arteries greater
than 1mm are more likely to cause severe bleeding
or major hematoma®%?’. The present study showed
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that the mean value of the diameter of lingual
terminal of both the supra and infra-spinosum canals
was (0.6+0.2 mm).The mean value of the diameter
of the buccal terminal of both supra and infra-
spinosum canals was (0.6+0.2 mm) and (0.5+0.2
mm) respectively. Different results were obtained
by Sheikhi et al. who stated that the diameter of
the superior and inferior lingual foramen on CBCT
images were (1.12+0.3 mm) and (0.9+0.39 mm)
respectively®. However, an anatomical study on dry
mandible gave only a slightly larger mean diameter
of the midline foramina on the lingual side of
mandibles (0.8+0.4 mm) than our study®*.Similarly,
Rosano et al.in another anatomical study showed
0.8-0.9 mm diameter of the lingual foramen?. Our
results were closest to those of Gahleitner et al. who
stated that the mean value of the midline lingual
canals was (0.7+0.3 mm) 3. The small differences
between the studies might be due to the different
origin of the study group. We also assume that
the reason our study showed the smallest mean
diameter of the canals, is that all of our patients
were edentulous.

CONCLUSIONS

CBCT was able to depict the variations in the
midline mandibular canals. CBCT scans showed that
the mandibular median lingual canal is a constant
finding in the midline region of the mandible. In our
study supra-spinosum canals were more frequent
than infra-spinosum canals and two foramina were
also more frequent than single midline lingual
foramen. Most of the supra-spinosum canals sloped
downwards while most of the infra-spinosum canals
sloped upwards toward the labial side. In this study,
CBCT also showed different morphologies of the
midline lingual canals than previous studies. Linear
measurements should be carefully evaluated prior to
implant placement in the mandibular anterior region
to avoid canal penetration and its accompanied
complications.
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