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Awareness of the anatomical structures before any sur-
gical procedure is essential for safe and satisfactory out-
comes of dental treatments.1 The placement of dental im-
plants should follow a thorough evaluation of the area of 
interest, in which the configuration of these structures is 
assessed and possible anatomical variations are identified. 
In dentistry, the analysis of anatomical bony structures 
and bone quality is promptly obtainable with the 3-di-
mensional (3D) images generated by cone-beam comput-
ed tomography (CBCT).

Recently, an anatomical structure has gained attention 
due to the increased frequency of placement of dental im-
plants in the anterior maxilla. This structure was termed 
the canalis sinuosus (CS), due to its convoluted path, by 
Jones in 1939.2 The CS originates from the infraorbital 
foramen and runs laterally beside the nasal cavity.3,4 It 
contains the anterior superior alveolar nerve and vessels 
that innervate and supply nutrition to the maxillary inci-
sors, canines, and adjacent tissues.2-8 The presence of ac-

cessory canals (ACs), known as palatine extensions, at the 
end of the CS has been reported.9 These ACs, usually 1-2 
mm in diameter, connect the CS to the alveolar ridge of 
the anterior hard palate at the level of the maxillary inci-
sors and canines with variable anatomy.9-12

Preoperative conventional 2-dimensional radiographs 
cannot always be used to identify the CS and ACs.13,14 
The CS and ACs are visible on CBCT scans, but their 
clinical relevance is still questionable due to a lack of in-
formation in the current literature. Even once identified, 
it is still unclear whether the invasion of the CS and ACs, 
for example by a dental implant, can cause neurosenso-
ry disorders. Therefore, the purpose of this report was to 
familiarize practicing dentists and specialists with the CS 
and its ACs by presenting 3 cases in which patients re-
ported unexpected postoperative symptoms after implant 
placement in the anterior maxilla. 

Case Report
Case 1
A CBCT scan of a 73-year-old Caucasian man report-

ing postoperative discomfort (dysesthesia) in the right 
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maxillary canine region was acquired. A medium-volume 
CBCT exam (10 cm × 10 cm, 0.3 mm3 voxel size) of the 
anterior maxilla had been previously obtained using a 
CS 9300 machine (Carestream, Atlanta, GA, USA) at 90 

kVp, 4 mA, and an 8-second exposure time. The volume 
was stored in MiPacs (Medicor Imaging, Charlotte, NC, 
USA), a picture archiving and communication system 

(PACS), using Digital Imaging and Communication in 
Medicine (DICOM) standards. The images were evalu-
ated by a board-certified oral and maxillofacial radiolo-
gist, a board-certified periodontist, and an orofacial pain 
specialist by consensus using OnDemand 3D software 

(Cybermed Inc., Seoul, Korea) in a dimly lit room on a 

27-inch Dell U2715 monitor (Dell Inc., Round Rock, TX, 
USA). 

The images were analyzed in coronal, axial, sagittal, 
and cross-sectional reconstructions and revealed an im-
plant replacing the right maxillary canine. The apex of 
the implant interrupted the CS (Fig. 1). The remaining 
implant surfaces were well-integrated, and the peri-im-
plant bone was radiographically unremarkable. No signs 
of fractures of the buccal or palatal plates were present. 
The gingival tissues appeared healthy. Other clinical and 
radiographic findings supportive of reported symptoms 
were not present. A diagnosis of invasion of the CS by 
the implant as the cause for the patient’s discomfort was 

Fig. 1. Cross-sectional images of the right anterior maxilla. An implant in the canine region interrupts the right canalis sinuosus.

Fig. 2. Coronal images of the right anterior maxilla. An implant in the central incisor region interrupts the right canalis sinuosus.
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reached based on the clinical signs and symptoms and the 
radiographic findings. 

Case 2
A CBCT scan of a 47-year-old Caucasian woman re-

porting occasional pain and a feeling of “tightness in the 
bone” in the right anterior maxilla after implant place-
ment was acquired. The patient did not report that local 
trauma had occurred, and the rest of her medical history 
was noncontributory. A medium-volume CBCT exam of 
the anterior maxilla was acquired, stored, and assessed as 
in the previous case. 

The imaging data were analyzed in coronal, axial, sag-
ittal, and cross-sectional views and showed an implant 
replacing the right central incisor. The implant interrupt-
ed the right CS apically (Fig. 2). Despite the presence of 
imaging artifacts, the remaining implant surfaces showed 
apposition with the alveolar bone support. Clinically, the 
implant was stable. The buccal or palatal cortical plates 
were intact. An implant was also observed to be replacing 
the right lateral incisor and was radiographically unre-
markable. The gingival tissues appeared healthy. Other 
clinical and radiographic findings supportive of the re-
ported symptoms were not present. A diagnosis of inva-
sion of the CS by the implant as the cause for the patient’s 
complaint was determined based on the clinical signs and 
symptoms and the radiographic findings.

Case 3
A CBCT scan of a 78-year-old Caucasian man report-

ing a sharp pain upon chewing associated with an implant 

replacing the right lateral incisor was acquired. The pa-
tient’s medical status was otherwise unremarkable, and 
the patient denied that any local trauma had occurred. A 
medium-volume CBCT exam of the anterior maxilla was 
obtained, stored, and assessed using the same protocol as 
in cases 1 and 2. 

The volumetric images were analyzed in coronal, ax-
ial, sagittal, and cross-sectional reconstructions and re-
vealed an interruption of the CS at the apical portion 
of the implant (Fig. 3). The remaining implant surfaces 
were well-osseointegrated. The peri-implant bone was 
radiographically unremarkable. Signs of fractures of the 
buccal or palatal plates were absent. Other clinical and ra-
diographic findings supportive of the reported symptoms 
were absent. A diagnosis of invasion of the CS by the im-
plant as the cause for the patient’s complaint was reached 
based on the clinical signs and symptoms and the radio-
graphic findings.

Discussion
Imaging is a non-invasive diagnostic tool that is essen-

tial for planning implant treatment. Some anatomic struc-
tures and their variations are only visible on more ad-
vanced imaging exams, and their presence can directly in-
fluence treatment outcomes. As supported by the current 
literature, 3D images, especially high-resolution CBCT 
images, provide reliable visualization of bony structures 
and are recommended by the American Academy of Oral 
and Maxillofacial Radiology as the standard radiograph-
ic projections for preoperative dental implant treatment 

Fig. 3. Cross-sectional images of the right anterior maxilla. An implant in the lateral incisor region interrupts the right canalis sinuosus.
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planning.15

Before any surgical procedure, it is essential to identify 
variations in the anatomical structures and their locations 
to avoid complications and undesired symptoms.1,11 An 
invasion of major neurovascular canals may potential-
ly result in significant bleeding and sensory disorders, 
such as temporary or permanent paresthesia, hyperesthe-
sia, dysesthesia, altered sensation, and persistent chronic 
pain.1,16,17 Specifically for dental implants, the contact of 
an implant with neural tissue may compromise the osse-
ointegration of the implant and, most importantly, cause 
neurosensory disorders.18,19 Pain is the most common 
symptom of neurosensory disorders and is usually tempo-
rary after an injury.16,20 However, unexpected long-lasting 
neuropathies may occur in some cases.21,22

Implant-related injuries of major neurovascular canals, 
such as the nasopalatine canal, the incisive mandibular 
canal, and the mandibular canal, are well documented in 
the literature.5,16 Reports of injuries of smaller neurovas-
cular bundles, such as the CS and its ACs, are still rare 
because the identification of these smaller canals may be 
challenging and is often neglected in dental surgical pro-
cedures.21,22 Articles reporting unexpected bleeding after 
injuries to relatively small vessels are available, but these 
articles do not mention neurosensory complications.16,18,23

The CS has a close relationship with the anterior supe-
rior alveolar nerve.1-3,5 ACs connect the CS to the palatal 
aspect of the alveolar ridge of the anterior hard palate, 
typically at the level of the central and lateral incisors and 
canines.1,6 These canals provide innervation and nutrition 
to the anterior teeth and soft tissues.9 Unfortunately, spe-
cific information regarding injuries to the CS and its ACs 
is still minimal and inconclusive. 

As stated in a retrospective study, the prevalence of 
implant-related perforations of adjacent anatomical struc-
tures was significantly higher in the maxilla than in the 
mandible.24 Despite those findings, the significance of 
these perforations could not be determined due to the lack 
of clinical information. In the present retrospective study, 
3 patients reporting unexpected neurosensory symptoms 
after implant placement in the anterior maxilla were iden-
tified. Our study complements the publication of Gaê-
ta-Araujo24 by demonstrating the clinical implication of 
injuries to the CS and its ACs, as supported by clinical 
and radiographic findings. 

Finally, these cases demonstrate the vital role of radio-
graphic exams in the determination of the likely cause of 
a patient’s long-lasting symptoms, and this report propos-
es that the CS and its ACs are noteworthy anatomic struc-

tures. If unexpected neurosensory symptoms occur after 
implant placement in the anterior maxilla, CBCT is valu-
able for ruling out an injury to this neurovascular bundle 
and for providing information to facilitate corrective pro-
cedures.
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