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SUMMARY

This study aimed to assess the radiographic vis-
ibility and anatomical features of the canalis sinu-
osus (CS), its accessory canals (ACCS), Macalister’s
foramina (MF), and Parinaud’s canals (PC) using
cone-beam computed tomography (CBCT), and to
evaluate their clinical relevance for anterior max-
illary surgical procedures, particularly Le Fort
[ osteotomies, fixation, and implant placement.
A retrospective analysis was performed on 120
CBCT scans of patients aged between18 and 70
years. Images were obtained using a standardized
protocol (voxel size: 0.2 mm; field of view: 18 x 16
cm). The presence, number, laterality, and orien-
tation of the CS, ACCS, MF, and PC were assessed
in axial, sagittal, and coronal planes. The number
of infraorbital foramina (IF) was also recorded.
Two calibrated oral surgeons independently per-
formed the evaluations, and interobserver agree-
ment was calculated using Cohen’s kappa coeffi-
cient.

CS was bilaterally present in 44% of cases, ACCS
in 54% (mainly vertical), MF in 34.2% (right-sid-
ed dominance), PC in 30.8% (mostly unilateral),

and multiple infraorbital foramina in 13.3%. No
significant sex-related differences were found. In-
terobserver agreement was high (x = 0.88-0.91).
The CS and ACCS, along with MF and PC, are an-
atomically relevant structures that should be
routinely evaluated on CBCT scans. Recognizing
these variations may help prevent neurovascular
complications during anterior maxillary surger-
ies such as implant placement, midface osteoto-
mies, and fixation.
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INTRODUCTION

The anterior maxilla is frequently subjected to
trauma and tooth loss, often necessitating surgi-
cal interventions for aesthetic or functional re-
habilitation. The canine pillar is a preferred site
for implant placement due to its typically dense
and high-quality bone structure (Marianna et al.,
2015).

First described by Frederic Wood Jones in 1939,
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the canalis sinuosus (CS) is an intraosseous canal
housing the anterior superior alveolar nerve and
vessels (Zafer et al., 2022). Anatomically, it origi-
nates from the infraorbital canal, extending ante-
riorly and inferiorly along the lateral nasal wall to-
ward the anterior maxillary sinus (Wanzeler et al.,
2014) As a major branch of the infraorbital nerve,
the CS travels approximately 55 mm through the
maxilla (Marianna et al., 2015). Accessory branch-
es (ACCS) frequently extend toward the alveolar
ridge, particularly near the lateral incisors and
canines. These anatomical characteristics are
critical to identifiy on cone beam computed to-
mography (CBCT) images, because they may pose
arisk of neurovascular injury during surgical pro-
cedures, such as implant placement (Oliveira et
al., 2023). Despite their importance, these struc-
tures remain underrecognized by clinicians (Ga-
briela et al., 2022).

The second angulation of the CS, near the crista
conchalis and nasolacrimal canal, contributes to
a complex intraosseous neurovascular network in
the premaxillary region. This area also contains
less commonly described anatomical structures
such as Parinaud’s canals (PC)— vertical osseous
channels communicating with the nasal cavity —
and Macalister’s foramina (MF), small vascular
openings within the sutura notha (Mugurel et al.,
2019; Mihai et al., 2020). Identifying these struc-
tures on CBCT is crucial for surgical planning in
the anterior maxilla, as they may influence neu-
rovascular distribution to the nasolacrimal duct,
middle nasal meatus, and infraorbital recess.

The CS, its ACCS, PC, and MF represent key an-
atomical structures in the anterior maxilla that
have significant clinical relevance in oral and
maxillofacial surgical procedures. Intraoperative
problems such as hemorrhage, altered sensation,
or ineffective anesthesia may arise from preop-
erative CBCT that does not detect these neuro-
vascular channels. If not carefully considered,
implant placement in the canine region, which is
often preferred due to its high bone quality, poses
a risk of harming these structures. Furthermore,
unexpected bleeding or sensory feedback during
procedures involving the nasolacrimal duct or
midfacial region, like LeFort I osteotomies, may
be explained by Parinaud’s canals and Macalis-

ter’s foramina, which connect to the second angle
of the canalis sinuosus (Vikram et al., 2019; Peter
et al., 2019). Consequently, to optimize surgical
outcomes and minimize neurovascular problems,
a thorough comprehension and radiographic rec-
ognition of these anatomical variances is essen-
tial.

This study aims to evaluate the anatomical fea-
tures and CBCT visibility of the CS and its asso-
ciated structures, particularly PC and MF, and to
underscore their clinical relevance in anterior
maxillary surgical planning.

MATERIALS AND METHODS

Patients

A total of 120 patients (56 male and 64 female
patients), aged from 18 to 70 were included in this
retrospective study. This retrospective cross-sec-
tional study was conducted after ethics commit-
tee approval was obtained from the non-interven-
tional ethics committee of the Istanbul Medipol
University Ethics Committee (Protocol No: 500).
Power analysis was performed using the G*Pow-
er (v3.1.9.7) program to determine the number
of samples. The power of the study is expressed
as 1-B (B = type II error probability). In the calcu-
lation, the effect size (d) was found to be 0.53 to
obtain 85% power at a = 0.05. Accordingly, the re-
search was conducted with a total of 120 people.
CBCT scans, which were initially received for im-
plant planning, orthodontic evaluation, or max-
illofacial diagnostics, from patients who visited
the Oral and Maxillofacial Surgery Department at
Ankara Medipol University Faculty of Dentistry
between 2023 and 2024 were analyzed for mea-
surements. Patients with a history of craniofacial
syndrome or congenital malformations, tumors,
supernumerary and/or impacted teeth, cysts, pre-
vious orthognathic surgery and cleft palate, with
cranial trauma, fractures in the anterior maxilla
and CBCT images with artifacts in the area max-
illa to be measured were excluded from the study.

Imaging

All scans were acquired using the same device
(Castellini, X Radius TrioPlus, Italy) under stan-
dardized settings: 90 kVp, 8 mA, a voxel size of



0.2 mm?, a slice thickness of 1 mm, and a wide
field of view (18 x 16 cm). Every patient was po-
sitioned with the midsagittal plane perpendicular
to the image receptor and the Frankfort horizon-
tal plane parallel to the floor. Head stabilizers and
chin support reduced head movement. Patients
were instructed to stay motionless and maintain a
relaxed closed-mouth posture throughout the im-
age acquisition process. All data were exported in
DICOM format and analyzed using Radiant DICOM
Viewer.

The evaluation focused on the anterior maxilla
of patients, investigating the presence of canalis
sinuosus, accessory canal of canalis sinuosus,
Macalister’s foramina and Parinaud’s canal.The
assessment was conducted in three planes (cor-
onal, sagittal, and axial) utilizing multiplanar re-
construction (MPR), and three-dimensional vol-
ume renderings when required. The analyses of
the CS and ACCs were conducted according to the
classification by Michael et al. (2024), whereas PC
and MF were assessed as described by Mugurel et
al. (2020).

The CS was found and evaluated on coronal
sections for its existence, laterality (right, left, or
bilateral), and its association with the infraorbital
canal (Fig. 1). ACCS were categorized according to
their quantity (single, double, or many) and orien-
tation (medial, lateral, or vertical) (Fig. 2). PC and
MF were assessed on axial sections in the maxil-
lary canine area. Sagittal sections were analyzed
to verify the continuity between the PC and MF
(Fig. 3).
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The quantity and laterality of infraorbital fo-
ramina (IOF) were documented on coronal im-
aging (Fig. 4). To guarantee dependability, all as-
sessments were conducted independently by two
calibrated oral radiologists with over five years of
expertise. Intra- and inter-observer agreement
was evaluated on 20 randomly selected scans uti-
lizing Cohen’s kappa coefficient.

Statistical Analysis

Statistical analysis was performed using IBM
SPSS Statistics version 21.0 (IBM Corp., Armonk,
NY, USA). The Shapiro-Wilk test was applied to as-
sess the normality of the data distribution. Subse-
quently, measurements were compared between
right and left sides patients using the Chi-square
test and Mann-Whitney U test. A p-value <0.05
was considered statistically significant. Interob-
server and intraobserver variability were defined
and intraclass correlation coefficient rates were
0,88 and 0,91 respectively.

RESULTS

The CBCT scans of 120 participants (56 men
and 64 women) were analyzed. The mean age was
31.83 years (range: 18-70 years).

The CS was observed in 74 out of 120 individu-
als (61.7%). Among these, bilateral CS was iden-
tified in 44 cases (36.7%), unilateral right-sided
CSin 11 cases (9,2%), and unilateral left-sided CS
in 19 cases (15,8%). CS was absent in 46 patients
(38,3%). Canalis sinuosus is shown on the right,

Fig. 1.- (A) Bilateral appearance of the canalis sinuosus (CS) on a coronal CBCT section (indicated by yellow arrows); (B) Canalis
sinuosus (CS) appearance on 3D reconstruction image of the CBCT scans (indicated by yellow arrows).
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Fig. 2.- Cone-beam CT images demonstrating accessory canals (ACCs) of the canalis sinuosus (CS) with different orientations. (a)
A laterally curved accessory canal; (b) A medially oriented accessory canal; (c) Multiple accessory canals observed in the anterior
maxilla (All canals are indicated by yellow arrows).

Fig. 3.- Visualization of Macalister’s foramen (MF) and Parinaud’s canal (PC) on CBCT images. (a) Axial section showing the anatom-
ical location of the MF and PC; (b) Sagittal section confirming the continuity of the MF (red arrow) and PC (yellow arrow).

left, and bilateral side in Fig. 5. Among these, right-sided MF was present in 17
cases (14.2%), left-sided in 10 cases (8.3%), and
bilateral MF in 14 cases (11.7%). Table 2 summa-
rizes the lateral distribution of MF.

ACCS were present in 74 out of 120 scans
(61.7%). ACCS was most frequently vertical (20
cases, 16.7%) for right side, followed by medial

(16 cases, 13.3%) for left side. In terms of quanti- PC was visualized in 37 out of 120 scans (30.8%).
ty, single ACCS were noted in 37 scans (30,9%). A The majority were unilateral (28 cases, 23.4%),
detailed breakdown is presented in Table 1. while bilateral PC was observed in 9 cases (7.5%).

MF were detected in 41 out of 120 cases (34.2%). These findings are summarized in Table 3.
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Fig. 4.- On the coronal section infraorbital foramens by the yellow arrows.

m CS bilateral side

Fig. 5.- Incidence of variation in the canalis sinuosus (CS).

The infraorbital foramen (I0F) was observed in
all 120 patients (100%). However, multiple infra-
orbital foramina were identified in 16 individuals
(13.4%), predominantly unilaterally (Table 3).

DISCUSSION

In light of the study’s aim to investigate the an-
atomical characteristics and radiographic detect-
ability of CS, ACCS, PC and MF, our findings offer
valuable insights into their prevalence and clini-
cal significance, particularly in anterior maxillary
surgical planning. These results may enhance
the accuracy of surgical interventions and im-
prove patient outcomes by minimizing the risk of
complications such as intraoperative bleeding or

® CS right and left side m CS absent for right and left side m CS total

unexpected postoperative sensory disturbances.
Given these potential risks, a thorough morpho-
logical evaluation of these regions on radiological
imaging is essential. Notably, no previous studies
have simultaneously assessed all of these ana-
tomical structures in a comprehensive manner,
underscoring the novelty and contribution of the
present research.

Canalis Sinuosus

The results of this study, when viewed in the
context of the larger body of literature (Table 4),
offer new perspectives on the radiographic vis-
ibility and anatomical significance of the CS and
related structures. Despite being categorized as a

Hacer Eberlikése et al.
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Table 1. Incidence of variation in accessory canals of the canalis sinuosus with course and numbers

Classification l::%;;’
Medial 16 (13.3)
Lateral 1(8)
Vertical 20 (16.7)
Single 17 (14.2)
Double 11 (9.2)

Total (120; 100%) 11 (9.2)

Chi-square test; p< 0.05

Table 2. Incidence of variation in Macalister’s foramen (MF)

Classification N (%)
None 79 (65.8)
Right 17 (14.2)

Left 10 (8.3)
Bilateral 14 (11.7)
Total 120 (100)

Chi-square test; p< 0.05

sporadic variant in classical literature, the canalis
sinuosus is consistently observed as an anatom-
ical structure. Previous studies have shown vari-
able detection rates; however, recent investiga-
tions utilizing CBCT—especially those employing
high-resolution imaging and standardized pro-
tocols—have consistently identified the presence
of CS in nearly all subjects (Michael et al., 2024).
In prevalence studies reported in the literature,
Manhaes et al. (2016), reported the presence of
CSin 36.2% of a sample consisting of 500 individ-
uals. In contrast, Kurt et al. (2023), working with
a Turkish population-based sample of the same
size, reported a significantly higher prevalence of
80%. Similarly, Beckenstrater et al. (2024), pre-
sented findings that support this higher detection
rate. In a study with a larger sample of 1,000 in-
dividuals, the prevalence was reported as 52.1%,
whereas another study focusing on the Turk-
ish population detected the presence of CS in all
1,460 cases examined (Machado et al., 2016; Or-
han et al., 2018). In our study, CS was identified in
61.7% of 120 subjects, yielding results consistent
with the literature. The notably higher prevalence
rates observed in studies involving the Turkish
population suggest that CS should be considered a
significant anatomical variation in anterior max-
illary surgical procedures. Particularly in surgical

Left, o
n (%) P value*
16 (13.3) .094
6 (5) 125
14 (11.7) .087
20 (16.7) 178
9(7.5) .063
19 (15.8) -
P
.023

contexts involving the canine fossa, anterior wall
of the maxilla, and nasolacrimal region, the re-
sults support the inclusion of the CS as a standard
component of maxillary anatomy in preoperative
radiographic evaluations.

Accessory canals of the canalis sinuosus

In 61.7% of CBCT scans, the current study dis-
covered ACCS, indicating a significant frequen-
cy. This finding supports previous studies and
strengthens the idea that the CS and its auxiliary
branches are stable anatomical structures rather
than sporadic anomalies. In a South African co-
hort, Beckenstriter et al. (2024) reported that at
least one accessory canal was present in 58.8% of
cases, while Eshak et al. (2014) found accessory
canals in 42.9% of 4,051 CBCT scans. This sug-
gests that the detection of ACs may be influenced
by various factors, including CBCT resolution,
voxel size, anatomical interpretation criteria, and
ethnic-genetic differences. This variation high-
lights the necessity for region-specific anatomical
reference data to improve clinical planning and
reduce intraoperative complications, including
neurovascular injury or inadequate local anesthe-
sia. The comparable rates across different popu-
lations highlight the clinical necessity of regularly
assessing these neurovascular systems in preop-



erative imaging. The ubiquitous presence of at
least one ACCSs in different populations substan-
tiates the assertion that the CS should be consid-
ered a standard anatomical structure rather than
a mere variant, consistent with descriptions in
Gray’s Anatomy, 42nd Edition, and emphasizing
the necessity of its identification in preoperative
planning (Zafer et al., 2022).

Macalister’s foramina

(Table 4). Another research by Rusu et al. (2020),
analyzed 200 CBCT images and found that acces-
sory infraorbital foramina situated in the sutura
notha were identified in 15 maxillae. Significant-
ly, in maxillae devoid of accessory infraorbital fo-
ramina situated in the sutura notha, vascular fo-
ramina analogous to Macalister’s foramina were
identified, indicating a compensatory anatomical
variation (Mugurel et al., 2020). In our investiga-
tion, MF were observed in 34.2% of cases, signi-
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fying a comparatively low prevalence relative to
other anatomical structures in the anterior max-
illa. This discovery corresponds with prior stud-
ies emphasizing the diversity of these foramina
among people. These variations highlight the sig-

Although MF were first described by Macalister
in 1884, studies focusing on this structure have
appeared relatively late in the literature. The ear-
liest comprehensive study known was conduct-
ed by Rusu et al. (2019), involving 300 patients

Table 3. Incidence of variation in Parinaud’s canal (PC) and numbers of infraorbital foramen

Classification N (%) -
None 83(69.2) -
Right 17 (14.2) .067

Left 11(9.2)
Bilateral 9(7.5) -
Total 120 (100) -
IF Right Left P value®
Single 111 (92.5) 113 (94.1) .076
Multiple 9 (7.5) 7 (5.9) .098
Total 120 (100) 120 (100) -

Table 4. Incidence of variation in Parinaud’s canal (PC) and numbers of infraorbital foramen

Anatomy

Structures Authors Years Country Sample size (N) Prevalence (%)
Von Arx et al. 2013 Switzerland 176 55.1
Wanzeler et al. 2015 Brazil 100 88
Machado et al. 2016 Sweden 1000 52.1
Manhaes et al. 2016 Brazil 500 36.2
Ghandourah et al. 2017 Germany 219 65.75
s Gurler et al. 2017 Turkey 111 100
Orhan et al. 2018 Turkey 1460 100
Aoki et al. 2019 Brazil 200 75
Kurt et al. 2023 Turkey 500 80
Beckenstrater et al. 2024 South Africa 500 99.6
Machado et al. 2016 Brazil 1000 52.1
Ghandourah et al. 2017 Germany 201 67.6
Orhan et al. 2018 Turkey 1460 70.8
ac Shan et al. 2020 China 1007 36.9
Beyzade et al. 2022 Cypriot 91 100
Beckenstrater et al. 2024 South Africa 500 58.8
MFand PC  Rusuetal. 2019 Romania 300 -
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nificance of identifying Macalister’s foramina as
possible contributors to the intricate neurovascu-
lar network in the anterior maxilla. Despite being
less common than the canalis sinuosus and its
auxiliary canals, Macalister’s foramina may have
therapeutic significance, especially in surgical
interventions related to the nasolacrimal area or
anterior maxillary wall. Due to the heterogeneity
in their occurrence, additional research employ-
ing high-resolution imaging methods such as
CBCT is necessary to enhance the understanding
of the anatomical and clinical importance of Ma-
calister’s foramina. This discovery could enhance
surgical techniques and reduce potential risks re-
lated to these anatomical components.

Parinaud’s canals

Similar to MF, PC has been scarcely described
in the literature, and studies focusing on this
structure remain limited. The first systemat-
ic anatomical description of PC was provided by
Wood Jones in 1939 (Zafer et al., 2022). The earli-
est known radiological characterization was later
reported by Rusu et al. (2020). In an earlier study
by Alan and Richard (2002), although PC varia-
tions were absent in the majority of cases, a rel-
atively high incidence of unilateral and bilateral
variants (30.8%) highlighted the importance of
CBCT-based anatomical evaluation, particularly
in surgeries involving the nasolacrimal duct or
the medial anterior maxilla. The structures situ-
ated adjacent to the crista conchalis and the an-
terior lacrimal crest constitute an intraosseous
neurovascular network that may be unintention-
ally encountered during external dacryocystorhi-
nostomy (DCR) and Le Fort I osteotomies. McNab
and Simmie indicated that numerous patients
undergoing external DCR experienced discomfort
and bleeding during the removal of bone from
the upper section of the nasolacrimal canal. This
observation implies that unrecognized accessory
neurovascular channels, including branches of
the anterior superior alveolar nerve traversing
Parinaud’s canal, may play a role in insufficient
local anesthesia or hemorrhage (Alan and Rich-
ard, 2002). In orthognathic surgery, specifically
Le Fort I osteotomies, inadequate preoperative
identification of foramina and canals can result in

CBCT-hased assessment of anterior maxillary neurovascular canals

unexpected intraoperative complications, includ-
ing arterial bleeding or paresthesia in the nasofa-
cial region. Thus, a thorough evaluation of the PC
and MF on high-resolution CBCT scans is crucial
to prevent neurovascular damage during surgical
procedures related to the anterior maxillary wall
or nearby nasal structures.

Although CBCT provides significant imaging of
bony structures, it does not verify the existence
of neurovascular elements within the detected
canals and foramina. The absence of functional
or intraoperative linkage restricts the evaluation
of the direct clinical significance of the identified
morphological variants. The study population ex-
hibited demographic homogeneity, necessitating
future research with diverse age ranges and eth-
nic backgrounds to validate and enhance these
findings.

Future research should include a retrospec-
tive review of patients who encountered intra-
operative hemorrhage during anterior maxillary
surgeries, specifically implant placements or na-
solacrimal interventions. Examining the preoper-
ative CBCT scans of these patients, with particular
emphasis on the presence, trajectory, and dimen-
sions of CS and ACSS, PC, and MF could enhance
the association between unidentified anatomical
variants and surgical complications. A thorough
reassessment of these scans, with increased fo-
cus on neurovascular landmarks, may provide
therapeutically significant insights and aid in the
enhancement of radiographic procedures for pre-
operative planning.

Limitations

This study has certain limitations. As it was
designed as a retrospective, single-center inves-
tigation, patient selection bias and regional de-
mographic characteristics may limit the gener-
alizability of the findings. Additionally, although
CBCT provides detailed visualization of bony
structures, it cannot depict neurovascular con-
tent, and its voxel size may restrict the detection
of very small anatomical variations. Future multi-
center studies with larger sample sizes are need-
ed to provide more robust and generalizable evi-
dence.



CONCLUSION

This research highlights the potential clinical
relevance of the canalis sinuosus and its accesso-
ry structures—Parinaud’s canals and Macalister’s
foramina—in the anterior maxilla. Given their
possible impact on surgical outcomes, particu-
larly in implantology and midfacial procedures,
preoperative CBCT assessments should include
careful evaluation of these anatomical landmarks.
Further large-scale studies are warranted to es-
tablish standardized imaging criteria and to bet-
ter understand their implications in clinical prac-
tice.
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