Assessment of the Canalis Sinuosus Using CBCT in

Pathological Lesions
Numan DEDEOGLU?, Oguzhan ALTUN!

Objective: To assess the canalis sinuosus (CS) in pathological lesions located in the anterior
maxilla using CBCT.

Methods: In total, 104 lesions in the anterior maxilla were assessed. The localisation of CS
termination points on the alveolar crest was evaluated. Subsequently, the consistency of the CS
and CS-lesion relationships were determined based on the maximal diameter of the lesion and
the presence of a cortical perforation.

Results: Of the 104 lesions, 82 (78.8%) exhibited at least one CS. The presence of CS was stat-
istically significantly different based on the diameter of the lesion (P < 0.001). When the pres-
ence of CS was investigated in relation to cortical perforation status, a significant difference
was observed (P < 0.05). Anatomically, CS was most common in the central incisor and ended
most frequently near the crest apex vertically and in the palatal region horizontally. Among
the instances of CS, 55.3% were lesion-related, 22.3% were in contact and 23 (22.3%) were
unrelated to the lesion.

Conclusion: The incidence of CS was high in anterior maxillary pathological lesions and even
higher in small-sized pathological lesions. Most CSs were located within or next to the surgical

margin of the pathological lesion.
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The nasopalatine canal in the anterior maxilla is con-
sidered highly important by dental clinicians because of
its potential clinical impacts.! Nevertheless, most clin-
icians are unaware of the canalis sinuous (CS) and lack
knowledge regarding its diagnosis.2 The CS is a branch
of the infraorbital canal enclosing the anterior super-
ior alveolar neurovascular structure, and the termin-
ation point of this intraosseous canal is in the anter-
ior maxilla.3® The neurovascular bundle within the CS
innervates the anterior maxillary teeth, the floor of the
nasal cavity and the maxillary sinuses. In the anterior
maxilla, several procedures are conducted, including
dental implant surgery, orthognathic surgery, extrac-
tion of impacted or supernumerary teeth, periodontal
and endodontic surgery and cyst treatments.® A lack of
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anatomical knowledge about CS can cause pain, local
infection and even paraesthesia.* Thus, preventing
injury during local anaesthesia and maxillofacial sur-
gery requires a comprehensive understanding of key
anatomical reference points and areas in the oral and
maxillofacial regions, particularly regarding the CS.”

Individuals diagnosed with anterior maxillary intra-
osseous pathological lesions (IPLs) are likely to require
surgical intervention, and the surgical risks related to
the CS apply to these patients as well. Multiple stud-
ies on the prevalence of CS conducted in different
countries using CBCT have acknowledged the clinical
significance of the CS; however, none have assessed
IPLs in the anterior maxilla as yet.1:6:8-14 Thus, adequate
anatomical and clinical information regarding the CSin
the anterior maxilla with pathological lesions is lack-
ing. The present study aimed to determine the clinical
importance of the CS through CBCT images of patients
diagnosed with anterior maxillary IPLs. Moreover,
using the collected clinical data, the present authors
aimed to identify and mitigate potential risks and com-
plications before surgery for pathological lesions in the
anterior maxilla.
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Materials and methods

This study was approved by the university’s scientific
research and publication ethics committee (2023/4846).

Study population

A total of 104 IPLs in the anterior maxilla of 83 patients

were evaluated cross-sectionally. IPLs in the anterior

maxilla were assessed using CBCT. In the images of the

patient’s anterior maxilla, when the normal bone tissue

was disrupted and replaced by a hypodense appearance,

it was considered an intraosseous pathology. The inclu-

sion criteria were as follows:

* intraosseous lesions between the maxillary right and
left premolar regions;

* extensive intraosseous lesions between the anterior
and posterior maxilla;

* intraosseous pathologies presenting a lesion centred
in the posterior maxilla and extending to the anterior
premolar region.

The exclusion criteria were as follows:

* individuals with cleft lip and palate;

+ individuals with plates or miniscrews in the anterior
maxilla resulting from trauma or other factors;

 individuals with dental implants in the anterior max-
illa;

« individuals having undergone grafting procedures or
surgical operations;

 individuals with low quality CBCT records (caused by
beam hardening and movement);

* individuals with conditions and medications that
impact bone metabolism.

CBCT technique

Images acquired usingaNewTom 5G CBCT device (Vero-
na, Italy) were used in this study, and NNT software
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Fig1ato ¢ CSs that were
related to (a), in contact
with (b) and not associated
with the bony tissue lesion
(c) (star, IPL; arrow, ending
of CS).

(NewTom) was employed for evaluation. The patients
were placed in a supine position while being scanned on
the device, which incorporates a gantry. The exposure
parameters were 110 kv, 1-20 mA, with a scan time of 18
seconds and exposure time of 3.6 seconds.

Image assessment

The presence of CS was analysed in axial, coronal and
sagittal sections in multiplanar reformat (MPR) images
with voxel values of 0.3, 0.25 and 0.2 mm and cross-
sections with a thickness of 0.3, 0.25 and 0.20 mm.
Subsequently, measurements were taken and other
evaluations were conducted on cross-sections with a
thickness of 0.3, 0.25 and 0.2 mm. All evaluations were
performed by a clinician (ND) with 12 years of experi-
ence in CBCT.

The CS begins at the infraorbital foramen and or-
bital base, extending medially and inferiorly. It then
proceeds from the front of the maxillary sinus to the
lateral and inferior border of the nasal cavity, before
reaching the anterior maxilla and ending at the acces-
sory foramen (AF), continuing from the lateral aspect
of the nasal septum and the front of the incisive canal.l

In the present study, when a pathological lesion was
situated on the right or left side, the CS was assessed
between the midline and the second premolar. The
presence of CS was assessed between the right and left
second premolars in patients with bilaterally extending
pathological lesions. In scenarios with more than one
lesion on one side of the anterior maxilla, CS was inves-
tigated between the midpoint of the intact bone and the
second premolar and midline between the two lesions.
The presence of CS was recorded separately for men
and women. CSs were categorised into three groups
based on their relationship with the pathologic lesion:
CS in direct relation with the pathology, CS in contact
with the lesion but with cortical bone separating the
CS and the lesion, and CS not associated with the le-
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sion with bony tissue between the CS and the lesion
(Fig 1). The termination point of the CS was considered
to be the AF and its diameter was measured. This value
was recorded as less than or greater than 1 mm. The
anatomical points along the dental arch where the CS
termination point was present were categorised based
on the Oliveria Santos classification (central incisor,
between central and lateral teeth, lateral incisor region,
canine region, first premolar, adjacent to the incisive
foramen; posterior/anterior/lateral).® Nonetheless, CSs
in the second premolars were also deemed as pre-
molars because of the lesion expansion phenomenon.
The vertical position of CS termination in the alveolar
crest was categorised using the classification developed
by Khojastepour and Akbarizadeh.!? The alveolar ridge
was divided into four equal parts, extending from its
highest point at the crest to the floor of the nasal cavity.
Each section, from the base of the nasal cavity to the
apex of the crest, was labelled with a numerical value
from 0 to 111 (Fig 2). The section that contained the CS
opening was recorded. Additionally, the palatal, buccal
and crest apex termination of the CS in the alveolar
ridge in the horizontal direction were recorded (Fig 3).

The maximum diameters of the pathological lesions
were measured. Moreover, lesions were sorted into 0 to
10, 10 to 20, 20 to 30, 30 to 40 and > 40 mm groups based
on their maximum diameter, and CS presence was
assessed according to these groupings. Subsequently,
cortical perforation in pathological lesions was exam-
ined, and CS presence was assessed based on the per-
foration status.
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Fig 2 (left) Vertical orientation of the CS from the base of the nasal cavity to the apex of the
crest apex was shown with a numerical value ranging from 0 to Ill.

Fig 3atoc (top) Onthe alveolarridge, horizontal localisation of CS termination was shown as
palatinal (a), buccal (b) and crest apex (c) (star, IPL; arrow, ending of CS).

Statistical analysis

Descriptive analysis and chi-square tests were used
to compare categorical independent variables across
groups. A Bonferroni corrected Z test was used to ana-
lyse multiple comparisons of proportions. Maximum
diameters of pathological lesions and CS termina-
tion diameters were remeasured for 40% of the data 2
weeks later to analyse intraobserver agreement using a
Kappa test. The level of statistical significance was set
atP<0.05.

Results

This study assessed 104 pathological lesions in the max-
illa of 83 patients. In total, 66 patients had one lesion,
13 had two lesions and 4 had three lesions. Of these 83
patients, 49 (59%) were male and 34 (41%) were female
(Table 1). Of the 104 pathological lesions assessed, 60
(57.7%) were observed in men and 44 (42.3%) in women.
Regarding the distribution of pathological lesions, 33
(31.7%) were present on the right side, 44 (42.3%) on the
left, and 27 (26%) on both sides (Table 1). At least one CS
was detected in 82 (78.8%) of the 104 lesions, and in 47
(57.3%) men and 35 (42.7%) women (Table 1). Addition-
ally, the presence of at least one CS did not reveal a stat-
istically significant difference between sexes (P =0.881).
Overall, 63 pathological lesions had one CS, 17 had two
and two had three, to give 103 CSs in total (Table 1). The
Kappa values for intraobserver agreement on the max-
imum diameter of the pathological lesion and CS diam-
eter were 0.96 and 0.88, respectively.
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Table 1 Number of IPLs and CSs according to patient, sex and side.

Variable Number Total
1 p 3

Patient 66 13 4 83
IPL 66 13 4 104
CS 63 17 2 103
Sex Female Male Total
Patient 34 49 83
IPL 44 60 104
At least one CS 47 35 82
Side Right Left Bilateral Total
IPL 33 44 27 104

Table 2 Comparison of CS presence according to perforation of pathological lesions (chi-square test).

Cortical status of IPL CS

Presence

Cortical perforated lesion 51(72.9%)

Cortical intact lesion 31 (91.2%)

P value
Absence
19 (27.1%)

0.032
3 (8.8%)

Cortical perforation was confirmed in 70 (67.3%)
pathological lesions, whereas intact cortical borders
were detected in 34 (32.7%) lesions. Cortical perfor-
ation was associated with CS in 51 (72.9%) pathological
lesions, whereas CS without cortical perforation was
observed in 31 (91.2%) lesions. A statistically significant
difference (P = 0.032) was observed when the presence
of cortical perforation in pathological lesions was com-
pared based on the presence of CS (Table 2).

The pathological lesions were categorised accord-
ing to their maximal diameters: 0 to 10, 10 to 20, 20 to
30, 30 to 40 and > 40 mm. CS was identified in all 29
lesions (100%) in the 0 to 10 mm group, 32 (84.2%) of
38 lesions in the 10 to 20 mm group, 11 (61.1%) of 18
lesions in the 20 to 30 mm group, 8 (80%) of 10 lesions
in the 30 to 40 mm group, and 2 (22.2%) of 9 lesions in
the > 40 mm group. The groups, categorised based on
lesion diameter, exhibited statistically significant dif-
ferences in terms of CS presence (P < 0.001). Significant
differences were observed between the 0 to 10 mm and
20 to 30 mm, 30 to 40 mm and > 40 mm, 10 to 20 mm
and > 40 mm groups (Table 3).

The mean diameter of the AF was 0.667 mm with
a minimum of 0.2 mm, a maximum of 1.6 mm and
standard deviation of + 0.298 mm. Eleven patients
(10.7%) had an AF diameter > 1 mm. CS termination
regions were present in the central incisor for 36 (35%)
patients, between the central and lateral incisor for
8 (7.8%), lateral incisor for 18 (17.5%), canine for 17
(16.5%) and premolar for 24 (23.3%).
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The localisation evaluation in the vertical orientation
and apical-incisal direction revealed that the termina-
tion occurred in 9 (8.7%) cases of Type 0, 14 (13.6%) of
Type |, 32 (31.1%) of Type II, and 48 (46.4%) of Type
III. In the horizontal orientation, 87 (84.5%) of the CSs
ended in the palatal direction, 6 (5.8%) in the buccal
direction and 10 (9.7%) transversely.

In the present study, 57 (55.3%) of the CSs were
related to the lesion, 23 (22.3%) were in contact and 23
(22.3%) were not related.

Discussion

Differentiating the CS using conventional, two-dimen-
sional, panoramic and periapical radiography tech-
nigues commonly employed in dentistry is highly chal-
lenging. CBCT is highly effective in assessing the CS and
enables 3D evaluation of the path of the canal in the
anterior maxilla across axial, coronal and sagittal sec-
tions.1® In the present study, CBCT was used to assess the
CS. Furthermore, thin cross-sections aside from axial,
coronal and sagittal sections were examined. The rec-
ommended slice thickness for CBCT evaluation of the CS
is 0.5 to 1 mm.! The present authors employed a more
meticulous evaluation method by examining CBCT val-
ues with lower voxel sizes, namely 0.3 to 0.25 and 0.2
mm.

The presence of CS in the anterior maxilla is com-
mon; however, its proximity to surgical sites may cause
pain and bleeding during and after surgical proced-
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Table 3 Comparison of CS presence according to maximum diameter of IPLs (chi-square test).

Lesion max diameter, mm CS
Presence number (%) Absence number (%)
0-10 29 (100%)? 0 (0.0)
10—20 32 (84.2%)2b 6 (15.8)
20—30 11 (61.1%)P¢ 7 (38.9) <0.001
30—40 8 (80.0%)abe 2(20.0)
>40 2 (22.2%)° 7(77.8)

a-c, there was no difference between diameters with the same letter.

ures.! Thus, the use of CBCT for identifying CSs prior
to surgical procedures is crucial in preventing accidents
and complications, such as dental implant failure, sen-
sory disturbances and bleeding.8:17 Moreover, nerve
injury can be avoided by accurately determining the
location of CSs through CBCT prior to implant surgery.*
Research employing CBCT technology in patients with
impacted canines scheduled for surgical interven-
tion found the mean distance between the CS and the
impacted teeth to be approximately 5.27 mm, with the
shortest measured distance being 0.75 mm.* In the
present study, 55.3% of the CSs were directly related
to pathological lesions, whereas 22.3% were in close
contact; thus, most CSs were located within or near the
surgical margins of the pathological lesions. However,
no clinical studies discussing whether these pathologic-
al lesions can lead to bleeding or paraesthesia during or
after surgery were found in the literature.

According to CBCT studies conducted on maxil-
lae with no pathological lesions, the occurrence of
CS ranges from 15.7% to 100%.18-1518.19 The present
study, the first in the literature in this field, examined
anterior maxillae with IPLs, including those < 1 mm
in diameter. The frequency of CS was determined to
be 78.8%, which aligned with the results reported in
previous studies. Moreover, the present study showed
that the frequency of CS was 100% in lesions < 10 mm
in diameter, but this frequency decreased to 22% in
lesions > 40 mm in diameter. Based on this, it can be
inferred that a CS may be resorbed and subsequently
lost once the lesion diameter reaches a considerable
size. To the best of the present authors’ knowledge, the
present study is the first to reveal that there is a higher
likelihood of CSs in small anterior maxillary pathologi-
cal lesions. Additionally, although the frequency of CSs
was found to be higher in patients with cortical per-
foration than in those without, the underlying reason
could not be elucidated. Thus, further studies on this
subject are needed.

A study conducted to assess CS terminations in a ver-
tically orientated apical-incisal direction reported that
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type 0 near the nasal cavity floor accounted for 3.94%,
type | for 38.15%, type Il for 52.63%, and type 111 near
the crest apex for 5.26%.12 The vertical terminations of
CS in the present study were determined as types IlI,
I1, I and 0, in decreasing order, from the crest apex to
the nasal cavity floor. Unlike in the previous study,? the
present authors evaluated CSs in the maxilla with IPLs.
The vertical position of the CS must be understood to
facilitate surgical intervention and avoid potential com-
plications. Because most CSs open close to the crest,
they should be considered during surgical planning for
patients with IPLs.

A study reported CS terminations as 91% palatal,
5.1% buccal, and 3.8% transversal.” Yeap et al' found
that the palatal region was the most common CS end-
point. Another study reported that all CSs ended in the
palatal region.1% In the present study, most CSs (84.5%)
ended in the palatal region, aligning with previous lit-
erature.

A previous study reported that the mean (min-
imum-maximum) diameter of the CS was 1.30 + 0.44
(0.57-2.88) mm.? In the present study, the mean diam-
eter was 0.667 + 0.298 (0.2-1.6) mm. The prevalence
of CS with a diameter > 1 mm was reported as 20% by
Machado et al,” 15.7% by Oliveira-Santos et al® and 3.4%
by Aoki et al.’> The present results show a prevalence
rate of 10.7% for CS with a diameter > 1 mm. Although
the exact correlation between the diameter of the CS
and the occurrence of clinical complications is unclear,
an increase in diameter is expected to exacerbate
bleeding because of the correlation between canal
and vessel diameters.! Regardless of the fact that CSs
measuring > 1 mm in diameter can cause noteworthy
complications, vessels with smaller diameters can also
contribute to substantial bleeding.?

The distribution of CSs based on sex was investigated
by Tomrukgu and Kose,? Aoki et al'® and Machado et al,’
and all concluded that CSs were more prevalent in men.
According to Sekerci et al?® and Anatoly et al,’! how-
ever, the prevalence of CS was higher among women.
Studies conducted by Beyzade et al,’® Von Arx et al®
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and Oliveria Santos et al® did not yield statistical sig-
nificance based on sex. In the present study, although
more CSs were observed in men, this difference was not
statistically significant.

With regard to the termination points of CSs in the
dental arch, 35% were in the central incisor, 23.3% in
the premolar, 17.5% in the lateral, 16.5% in the canine
and 7.8% in the central-lateral incisor region. Aoki
et al'®> observed the highest prevalence of CSs in the
central incisor region, whereas the premolar region
showed no CSs. Tomrukgu and Kose® and Beyzade et
all% observed the most significant number of CSs in the
central incisor region, with the premolar region hav-
ing the lowest number of CSs. In the present study, the
central incisor region exhibited the highest percentage
of CS terminations, followed by the premolar region.
Considering the potential anatomical displacement
of the CSs caused by pathological lesions, the present
study could have detected an increased prevalence of
CSs in the premolar region.

Sun et al?! found 502 CSs among 1,002 patients in
their study. Of these patients, 259 had one CS, 147 had
two, 80 had three, 10 had four, 2 had five, 2 had six, 1
had seven and 1 had eight.2 Conversely, most of the
lesions in the present study had a single CS and none
of the pathological lesions had > 3 CSs.

The present study has the limitation of lacking clin-
ical data support. It is imperative to conduct controlled
clinical studies to determine whether CSs diagnosed
with preoperative CBCT lead to intra- or postoperative
complications. A further limitation is the absence of
histopathological confirmation to determine whether
the lesions were malignant or benign for the definitive
diagnosis of the analysed IPLs.

Conclusion

Considering the extensive utilisation of preoperative
CBCT in maxillofacial pathological lesions, it is essen-
tial to conduct a CS assessment of the obtained images
because CSs are prevalent in anterior maxillary IPLs. A
higher incidence of CSs was observed when the anter-
ior maxillary pathological lesion was small, whereas
the incidence was notably diminished in larger lesions,
particularly in cases with pathological lesions > 40 mm
in diameter. Moreover, a significant number of CSs
were identified within or close to the surgical margin.
Thus, more clinical studies are necessary to determine
whether these characteristics contribute to complica-
tions during or after surgery.
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