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SUMMARY: The canalis sinuosus (CS) is a double-curved bone canal in the anterior region of the maxilla. The CS contains a vasculo-
nervous bundle consisting of the anterior superior alveolar nerve and its corresponding arteries and veins. The CSsandyitsaaede (AC) have
been little described in the literature and are often omitted in imaging evaluations before procedures in the regiort.dffteepjesent study was
to evaluate the frequency of the CS and its AC in Chilean individuals, and to carry out a morphometric analysis of thésa atratiores by
cone-beam computed tomography (CBCT) by sex, side and age range. CBCT examinations of 28 patients were studied, eyaksgmgethe
diameter and terminal portion of the CS. We also evaluated the presence and number of AC, and their terminal portiornteFioé tia€ was
classified as greater or smaller than 1.0 mm. Non-parametric tests were used for quantitative variables and chi-squéaetivéorariables. The
SPSS v.27.0 software was used, with a significance threshold of 5 %. The CS was present in all the samples analysgdegeniinglly diameter
greater than 1.0 mm. Alterations were found, and the diameter could be greater depending on the segment evaluated, dona\affected by
sex, side or age range. The terminal portion of the CS is usually located adjacent to the region of the nasal cavitgnthefGuvas very high,
and the most common location was in the region of the upper central incisor; in 61.3 % of cases their diameter ?1.0 imfre@heridg of CS and
AC shows the importance of carrying out a detailed imaging study before invasive procedures in the anterior region dathe maxil
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INTRODUCTION

The canalis sinuosus (CS) is a tortuous bone canal  The frequency of the CS reported in the literature is
which originates in the infraorbital canal, slightly posteriogery variable, ranging from 51.7 % (Machagtoal., 2016)
of the infraorbital foramen, and continues to anterolater@ 100 % of samples (Baena-Cal@éasl, 2019). The CS is
until it reaches the anterior wall of the nasal cavity, inferiaenerally between 1 and 2 mm in diameter (Wanztlat,
to the infraorbital margin (Jones, 1939). The CS then turp915), and its clinical importance is often underestimated.
to medial and continues below the infraorbital foramen tgailure to include it in planning or evaluation of treatment
the lateral wall of the nasal cavity where it curves downwardsthe anterior region of the maxilla may determine increased
along the pyriform aperture to reach the anterior region figk of lesion to the anterior superior alveolar nerve and
the maxilla (von Anet al, 2013). The CS contains a vasculocorresponding vessels.
nervous bundle consisting of the anterior superior alveolar
nerve and its corresponding arteries and veins (Jones; AlveB&cause of its high frequency, the CS is considered a nor-
Céandido, 2016). The anterior superior alveolar nerve is theal anatomical structure. Nevertheless, its aperture in the
longest nerve in the alveolar region (Jones; de Oliveira-Samterior region of the maxilla may be considered an
toset al, 2013) and innervates the upper incisors and caninggatomical variation (accessory canal) (de Oliveira-Santos
the periodontal ligaments of these teeth, and the vestibugaral) which may be related with the population studed (Gray
mucous of the region (Jones; Alves & Céandido). etal, 1973).
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Many dental procedures are carried out in the ant8ample. The sample consisted of CBCT examinations of
rior region of the maxilla (Arrudat al, 2017); correct Chilean individuals, of both sexes, with or without tooth loss
treatment planning and detailed anatomical knowledge iofthe anterior region of the maxilla, aged 15 years or more.
this region are fundamental to avoid injuries to thExaminations were excluded of subjects who presented
neurovascular structures present. The object of the presiemtacted teeth in the anterior region of the maxilla; previous
study was therefore to evaluate the frequency of the @®xillofacial surgery in the anterior region of the maxilla;
and its AC in Chilean individuals, and to carry out gathological lesions in the anterior region of the maxilla;
morphometric analysis of these anatomical structures bypernumerary teeth or low quality cone-beam computed
cone-beam computed tomography (CBCT) by sex, sidemography images.
and age range.

The examinations were analysed considering sex, side
and age range (15-29 years, 30-44 years and 45 years or more).
MATERIAL AND METHOD
Measurements.Before taking the measurements, the
investigator was calibrated by an experienced radiologist. The

A descriptive, retrospective, observational crossdiameter of the CS was measured by by taking coronal cross-
sectional study was carried out. The sample was nosections 1 mm thick; it was measured in three segments:
probabilistic, by convenience. We examined all the CBCSegment 1 (S1): start of the CS, using a reference point fixed
images taken between May and October 2019 as part of e mm behind the infraorbital foramen; Segment 2 (S2):
diagnosis and/or treatment planning of patients who attendetmediately posterior of the bifurcation of the CS in the late-
the Teaching Clinic of Universidad of the Frontera, Temuceoal margin of the pyriform aperture; Segment 3 (S3): terminal
Chile. All the patients involved in this study signed amortion of the CS in the maxilla (Fig. 1). The length of the CS
informed consent which stated their free right to participateas measured by identifying its start and end points by sagittal
in the study or not, with no influence on their dentahnd frontal cross-sections 1 mm thick. The terminal portion
treatment. The study was approved by the Scientific Ethio§the CS was classified in accordance with Wanzstied.:
Committee of La Frontera University, Folio N° 058-19. dental apex, adjacent to dental apex (indicating which tooth),

nasal cavity, maxillary sinus or alveolar crest.

Cone-Beam Computed Tomography Examination.

APAX Zenith 3D CBCT (Vatech Co., Gyeonggi-Do, Korea) The presence and number of AC were evaluated (Fig.
was used with a flat screen image detector and a field 2f The AC were classified as defined by de Oliveira-Santos
view of 8 x 6 cm. The images were taken at 120 kVp, 14} al, according to the region of their terminal portion: upper
mA and voxel size 0.12 mm, exposure time 24 second®ntral incisor, between the upper central and lateral incisors,
The 3D reconstructions were created by formatting the axigbper lateral incisor, upper canine, and adjacent to the incisive
CBCT scanners in a local work station, using Ez3D Plderamen (anterior, posterior or lateral). The diamefethe
dental image software (E-WOO Technology Co. Ltd AC was measured in the terminal portion, using as reference
Korea). its anterior, posterior, lateral and medial margins.

Fig. 1. A. Axial section CBCT image, showing the origin of the right canalis sinuosous, located posterior of the infrawaniviead f
(arrow). B. Axial section CBCT image, showing the right canalis sinuosus posterior of its bifurcation in the lateral nasaf tharg
pyriform aperture (arrow). C. Sagittal section CBCT image, showing the emergence of the right canalis sinuosus in tthe fiasadf
cavity, close to the anterior nasal spine (arrow).
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examinations included was 28, six of male individuals and 22
of females. The mean age of the males was 41.33 years
(x15.87) and of the females 42.59 year$8.33) (p=0.880).

All examinations were analysed bilaterally. The intra-observer
agreement index was higher than 0.80 for all the measurements.

Diameter of CS.The diameters of the CS were: Segment 1:
mean 1.19 mm (SD=0.20 mm), median 1.20 mm (IQR=0.20
mm); Segment 2: mean 1.38 mm (SD=0.29 mm), median 1.30
mm (IQR=0.30 mm); and Segment 3: mean 1.09 mm (SD=0.20
mm), median 1.10 mm (IQR=0.20 mm). No statistically
significant differences were observed between sexes, sides or
age ranges in the analysis of the diameter in each segment
(p>0.05).

The diameter of the CS in S2 was significantly larger
Fig. 2. Sagittal section CBCT image, showing an accessory canal (rightin in S3, except for the age range 30-44 years. The diameter
side) in the palatal face of the region of the lateral incisor (arrow). of the CS in S1 was significantly larger than in S3, in females,
on the right side and in the age range 15-29 years. Finally,
Statistical analysis.The intraclass correlation coefficientthe diameter of the CS in S2 was larger than in S1 in females,
(ICC) and the kappa test were used for intra-observen the left side and among individuals aged 45 years or more
analysis. The association was classified as poor (0.0), slightg. 3).
(0.01-0.20), regular (0.21-0.40), moderate (0.41-0.60),
substantial (0.61-0.80) and almost perfect (0.81-1.00) No correlation was observed between S1, S2 and S3
(Landis & Koch, 1977). Levene's test was applied to tefir the diameter of the CS; there was a non-significant low
homogeneity of variances and the Shapiro-Wilk test fgositive correlation between S1 and S2 (rho=0.082, p=0.550),
analyse the normality of the data. Pearson'schi-squared test-significant low negative correlation between S1 and S3
was used for qualitative variables. Wilcoxon's test was uséitho=0.025, p=0.853) and non-significant slight positive
for analysis between sides and the Mann-Whitney U test foorrelation between S2 and S3 (rho=0.215, p=0.111).
analysis between sexes. The Kruskal-Wallis test was used
for the analysis between age ranges and between segments The diameter of the CS varied between 0.70 mm and
of the CS. Spearman's correlation coefficient was used 260 mm in the region of S1; 82.1 % of the CS presented a
analyse the relation between age x length of the canalimmeter between 1.0 and 1.4 mm, and only 8.9 % presented
sinuosus. Pearson's correlation was classified as nil (r=8)diameter greater than 1.5 mm. In the region of S2, the
very low (0<r<0.2), low (0.2<r<0.4), moderate (0.4<r<0.6)diameter of the CS varied between 1.0 and 2.20 mm; 66.7
high (0.6<r<0.8), very high (0.8<r<1) and perfect (r=1%o of the CS presented a diameter between 1.0 and 1.4 mm
(Schoberet al, 2018). The figures were created using thand 33.3 % presented a diameter greater than 1.5 mm. In the
GraphPrism software. SPSS software v.27.0 was used fegion of S3, the diameter of the CS varied between 0.7 and
statistical analysis, with a significance threshold of 5 %. 1.90 mm; 75 % of the CS presented a diameter between 1.0
and 1.4 mm and only 5.4 % presented a diameter greater
than 1.5 mm. A higher percentage of CS with diameter
RESULTS between 1.0 and 1.4 mm was observed in Segments 1 and 3.
In the region of Segment two, 33.3 % of the CS preskat
diameter greater than 1.5 mm (p=0.000).
Thirty-seven CBCT examinations were studied, of
which nine were eliminated in accordance with the inclusioherminal portion of the CS. The nasal cavity was the region
and exclusion criteria. One examination was excluded becawggere the CS terminated with highest frequency (57.1 %),
the patient had a palatal fissure, one because the patient feidwed by the region of the alveolar crest (16.1 %) and the
supernumerary teeth, two because the patients presentegion adjacent to the apex of the upper central incisor (12.5
unerupted teeth in the anterior region of the maxilla, or#). In 5.4 % of the examinations, the terminal portion of the
because the patient had a cyst extraction tube in the antef@® was observed in the region to lateral and anterior of the
region of the maxilla and four because the complete courseinisive foramen; and finally, the terminal portion of the CS
the CS could not be visualised. The final number ah the region adjacent to the apex of the upper central incisor
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Fig. 3. Diameter of the CS by segment. The data are presented by sex, side and age range. * statistically significanbeliffexxmc
Segments 1 and 2. T statistically significant difference between Segments 1 and 3. ¥ statistically significant differencédugteats
2 and 3. S1: initial portion of the CS, using a reference point 25 mm behind the infraorbital foramen. S2: immediatelygbdseerio
bifurcation of the CS in the lateral margin of the pyriform aperture. S3: terminal portion of the CS in the maxillary region.

presented the lowest percentage, with only 3.6 %. Nand a maximum of 1.60 mm; no statistical differences were
statistically significant differences were found between sexésund for the diameter of the AC by location . In 61.3 % of
(p=0.109), sides (p=0.257) or age ranges (p=0.671). examinations (n=100), the AC presented a diameter greater
than 1.0 mm; there was no association between location of
Accessory Canals. In all the CBCT examinationshe AC and diameter >1 mm (p=0.502) (Table I).
analysed we observed the presence of at least one accessory
canal (AC). There were three AC in 42.9 % of cases, two AC The left side (mean 1.05 mm, SD=0.180 mm; median
in 25 %, four AC in 19.6 %; only one AC was observed in 7.1.00 mm, IQR=0.20 mm) presented significantly higher values
% of examinations and five AC were found in 5.4 % of casethan the right side (mean 0.97 mm, SD=0.169 mm; median
1.00, IQR=0.20 mm) (p=0.019). The percentage of AC with
A total of 163 AC were observed; the region of theliameter >1 mm was significantly higher in the left side (57
upper central incisors was the region with the highe8s) than in the right (43 %), (p=0.011). The finding of
percentage of AC (30 %), and the region adjacent to the incisisignificant differences between sides for the diameter of the
foramen (lateral) the region with the lowest percentage (54C was corroborated by analysis of Spearman's correlation,
%); no AC were observed in the region adjacent to the incisivehere a non-significant low positive correlation was found
foramen (posterior) (0.0 %). The mean diameter of the Aetween the right and left sides for the diameter of the AC
was 1.01 mm (SD=0.178 mm), with a minimum of 0.70 mnirho=0.199, p=0.098).

Table I. Percentage of AC with diameter greater than 1 mm: mean, median, minimum and maximum values of the AC by location. The
data are presented in millimetres.

Region nPo Mean (SD) Median Minim Maxim AC >1 mm
(mm) (IQR) (mm) (mm) (mm) (n =100)

Upper canine 19/11.6 0.99 (0.143) 1.00 (0.20) 0.80 1.30 10%
Upper lateral incisor 43/26 .4 1.01 (0.192) 1.00 (0.20) 0.70 150 27%
Upper central ancateral incisors 28/17.2 1.04 (0.187) 1.00 (0.80) 0.80 1.60 21%
Upper central incisor 49/30.0 1.01 (0.180) 1.00 (0.20) 0.70 150 30%
Adjacent to the incisivéoramen (anterior) 15/9.2 1.00 (0.183) 1.00 (0.20) 0.80 140 8%
Adjacent to the incisivéoramen (lateral) 9/5.5 0.96 (0.150) 0.90 (0.25) 0.80 1.20 4%
Adjacent to the incisivéoramen (posterior) 0/0.0 - - - - -
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No statistically significant differences were foundthe canine (Manhaes Jundatral; Gurleret al; Orharet al,
between sexes or between age ranges for the diameter of20&8; Anatolyet al).
AC (p>0.05). In the analysis between sexes by location of
the AC, a statistically significant difference was found only Gurler et al state that the diameter of the CS was
in the region of the upper central incisors, where the valusgnificantly larger in males than in females; this disagrees
found for males were higher than for females (p=0.001). with the results found in our study, where we found no
differences between sexes. On the other hand, these authors
found no differences between sides, which agrees with both
DISCUSSION our investigation and the findings of Manhaes Juetal
Our results showed that the majority of CS have a diameter
larger than 1.0 mm, varying by segment analysed; this
In our investigation we carried out an anatomicalisagrees with the studies of Aakial and Machadet al,
study of the CS in the Chilean population by CBCT, findingvho reported that 96 % of CS presented a calibre of up to 1
that the CS was present in 100 % of cases, bilateraliym. A larger calibre for the CS was found in the region
Previous studies have reported different results with loweanmediately posterior of the bifurcation of the canalis
percentages. Aoket al (2020) reported that the CS wassinuosus in the lateral margin of the pyriform aperture (S2)
present in 66.5 % of cases in the Brazilian population, aimd comparison with the initial and terminal portions of the
was more frequently bilateral than unilateral. A similaCS. Furthermore, in our analysis of the diameter of the CS
percentage was reported by Anatefyal (2019), who found we found no correlation between these segments, showing
a total of 67 % presence of CS in the Russian populatidhat there are variations in the calibre of the CS during its
but with unilateral presence more common than bilateralourse; this contrasts with the results reported by aoki
Wanzeleret al. report finding a frequency of 88 % presencand Wanzeleet al, who say that the diameter of the CS is
of CS in the Brazilian population, while Gurkdtral. (2017), similar throughout its length.
in a study in the Turkish population, declared that they found
CS in all the examinations analysed, as in our study. We Our study in a Chilean population reported a larger
agree with Wanzeleet al. when they say that the highmean diameter for the CS than did Wanzeleal in the
percentage of presence of CS shows that it is a norniBazilian population, with 0.74-0.79 mm for the initial
anatomical structure, not an anatomical variation. It musegment and 0.81mm for the terminal portion. In our study
therefore be considered when planning treatments in ttiee terminal portion (S3) of the CS was the segment that
anterior region of the maxilla to avoid accidents duringresented the smallest calibre, with mean of 1.09, while S2
procedures in this region. presented the largest calibre with 1.38 mm. de Oliveira-San-
toset al and von Arxet al found similar mean values to
Because the anterior region of the maxilla is a regiasurs for the diameter in the region of S2, with 1.4 mm and
where many dental interventions are carried out, it is al403 mm respectively.
susceptible to accidents during treatment of pathologies or
surgery in the region; the patient may suffer pain due to Accessory Canals. After reaching the lateral wall of
exposure of the CS (Lopes dos Samticel, 2020) or during the nasal cavity, AC may diverge from the CS. We agree
the insertion of implants, and neurosensory alterations majth Machadoet al. who say that the AC of the CS is a
result from surgical procedures (Volberg & Mordanov, 2019requent anatomical structure, since in our study at least one
Shintakuet al,, 2020). AC was found in every sample analysed; up to five AC were
observed, the most frequent number being 3, independent
In the present study no differences were foundf sex, side or age range. Orhetral found a mean number
between sexes or sides for the terminal portion of the C&,4.6 AC, which generally ended in the region of the upper
corroborating the studies of Wanzetdral. and Manhaes central incisor. Machadet al report a frequency of 1-4 AC,
Junioret al (2016). The terminal portion of the CS waswith a mean diameter of 1.4 mm, similar to the result of our
observed most frequently in the nasal cavity, followed bstudy. The terminal portion of the AC was most frequently
the alveolar crest, and least frequently in the region adjacéatind in the region of the upper central incisors,
to the apex of the upper central incisor, with no difference®rroborating the findings of von Aet al
observed between sexes, sides or age ranges. Previous studies
have reported different results, observing the terminal portion In the present investigation, the diameter on the left
of the CS most frequently in the region adjacent to the uppgde was larger than that on the right side, however other
central incisor (Aokiet al; de Oliveira-Santost al; Ma- variables like sex and age did not influence the diameter of
chado etal.), or in the region of the upper lateral incisor atige AC; Machadet al also observed no differences between
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sexes and between ages. These authors, who studiedlitaon pruebas no paramétricas para variables cuantitativas

Brazilian population, reported that only 20 % of ACy chi-cuadrado para variables cualitativas. Se utiliz6 el soft-

presented a diameter of at least 1.0 mm (Macleadd), ware SPSS 27.0, considerandose umbral de significacién

similar to the result reported by de Oliveira-Sambal in  de 5 %. EI CS estuvo presente en todas las muestras anali-

the Belgian population, with 15.7 %. In our study in a Chilearadas, presentando en general un diametro mayor a 1,0 mm.

population, we found that 61.3 % of the AC presented E diametro del CS sufre alteraciones pudiendo ser mayor

diameter of at least 1.0 mm. These differences may be relatipendiendo de la region evaluada, sin embargo no se ve

with the population studied, since some studies reladéectado por sexo, lado o rangos etarios. La porcién termi-

variations in the CS with an ethnic and/or demographital de CS suele ubicarse adyacente a la region de cavidad

context (Grayet al). nasal. La frecuencia de CA es muy alta, en un 61,3 % pre-
sentan diametro ?1,0 mm, siendo la region de incisivo cen-
tral superior su ubicacién mas comun. La alta frecuencia de

CONCLUSIONS CSy de CA demuestra la importancia de realizarse un deta-
llado estudio imagenoldgico previo a procedimientos
invasivos en region anterior de la maxila.

The CS normally presents a diameter greater than

1.0 mm, which may vary over its course; it is greatest in the PALABRAS CLAVE: Canal sinuoso; Canal

region of the bifurcation of the CS at the lateral margin afccesori; Nervio alveolar superior anterior; Tomografia

the pyriform aperture. The anatomy of the CS is not affectedmputarizada cone-beam.

by sex, side or age range and the terminal portion of the CS

is usually in the nasal cavity. In a high percentage of cases

the CS presents AC; it is common to find at least 3 AC (REFERENCES

each side. Most AC present a calibre of at least 1.0 mm, and

are larger on the left side, but with no effects of sex or age
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