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Potential neurovascular damage as a result of dental
implant placement in the anterior maxilla

Key points

Complex neurovascular anatomy in the anterior
maxilla is not uncommon.

Abstract

Highlights that evidence is lacking regarding the
relevance of this to dental implant placement.

Suggests it is possible that injury to these structures
explains some cases of postoperative intractable
pain.

Introduction A patient requested dental implant therapy to replace his missing upper left central incisor. Pre-operative cone
beam computed tomography (CBCT) imaging revealed a complex neurovascular supply to the anterior maxilla.

Discussion Imaging demonstrated accessory neurovascular canals around the nasopalatine foramen which directly
communicate with canalis sinuosus. They are, therefore, most likely to carry branches of the anterior superior alveolar nerve
and vessels. One of these canals was directly in the path of proposed dental implant placement. A review of the dental
literature suggests that such anatomical variation is relatively common. Some authors have proposed that injury to these
structures is a cause of intractable pain following dental implant placement. Following discussion with the patient, it was

agreed that the provision of an adhesive bridge was a realistic alternative in this case.

Conclusion The availability of CBCT imaging in recent years has shown that complex neurovascular anatomy in the anterior
maxilla is not uncommon. Evidence is lacking regarding the relevance of this to dental implant placement but it is possible
that injury to these structures explains some cases of postoperative intractable pain.

Introduction

While dental implant placement in the anterior
maxilla is considered to be a safe procedure,
several cases of persistent pain and chronic
discomfort following dental implant placement
in this region have been reported.">***¢ The
availability of cone beam computed tomography
(CBCT) technology in recent years has led to
frequent three dimensional imaging of the
region before dental implant placement. Along
with anatomical studies, this has highlighted the
variability of the neurovascular structures in the
anterior maxilla.”**!%!! Neurovascular supply to
the anterior maxilla arises from the nasopalatine
nerves and vessels through the nasopalatine

canal. The anterior superior alveolar nerves
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and vessels reach the anterior maxilla through
the neurovascular canal, canalis sinuosus.'?
Variation is common in both structures.”%1%!!
Persistent or intractable pain following dental
implant placement in the anterior maxilla
has been attributed to both psychological
and physical causes such as impingement
on neurovascular structures.>>'*'* This case
study presents a patient who was a candidate
for dental implant placement in the upper left
central incisor position. Preoperative CBCT
scanning revealed a complex neurovascular
supply to the area. These anatomical findings
and their significance in relation to possible
complications following dental implant
placement are discussed. The management of
this patient in light of these considerations is
also presented.

Case presentation

A 49-year-old male patient presented with a
missing upper left central incisor. This tooth
was lost as the result of trauma followed by
a failed restoration. The tooth was extracted
some four years before presentation. The
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patient was unhappy with wearing his mucosa-
supported acrylic partial denture and wished
to discuss fixed alternatives, including a dental
implant supported restoration.

Clinical examination, periapical radiography;,
and ridge mapping suggested a significant
labial alveolar defect and a potentially large
nasopalatine foramen complicating dental
implant placement (Fig. 1). Based on these
findings, the available bone volume for dental
implant placement was regarded as borderline.
Therefore, in accordance with current
guidance, a CBCT scan was prescribed to
further assess the potential implant site.!>1617:18

Anatomical findings

On examination of the CBCT images, complex
neurovascular anatomy was observed. The
nasopalatine canal begins at the floor of the
nose as three distinctly separate canals (Fig. 2).
More inferiorly, the three coalesce into one
nasopalatine foramen. The two lateral openings
of these canals into the nasopalatine foramen
have been termed the foramina of Stensen
and the openings of midline canals have been
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Fig. 1 Patient at presentation and periapical radiograph showing evidence of a significant labial
alveolar defect and a large nasopalatine foramen at the upper left central incisor position

Fig. 2 Reformatted CBCT image in the axial
plane showing three distinct canals at the
level of the apices of the adjacent teeth

Fig. 3 Reformatted CBCT image in the axial plane and reconstructed three dimensional image
showing additional foramina lateral and anterior to the nasopalatine foramen

termed foramina of Scarpa.’® At the level of the
hard palate, four additional foramina may be
observed anterior and lateral to the nasopalatine
foramen (Fig. 3). By tracing into the bone from
these foramina on the CBCT images, it can be
observed that they are the openings of accessory
canals which communicate with canalis
sinuosus (Figs 4 and 5).2 They are most likely,
therefore, to carry branches of the anterior
superior alveolar nerves. At the site of the
missing upper left central incisor, a reformatted
CBCT image in the sagittal plane shows one of
the accessory canals longitudinally (Fig. 6). The
dense cortical bone of the lateral border of the
nasopalatine canal can be seen immediately
posterior to the accessory canal.

Setting aside the accessory canal, the
site may otherwise be regarded as having
satisfactory bone volume for placement of
a dental implant, avoiding the nasopalatine
canal. Nevertheless, the presence of these
accessory canals raised concerns. Impingement
on the accessory canal at the potential implant
site seemed unavoidable. The risks of excessive
haemorrhage appeared minor, given the small
size of the canal. A more serious concern,
however, was the potential for peripheral nerve
injury and neuropathic pain.
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Case management

This case was discussed between the general
dental practitioner, who was providing
treatment, a specialist in prosthodontics,
a professor of maxillofacial imaging, and a
professor of oral and maxillofacial surgery. A
neurovascular canal was very clearly visible
at the site of the potential implant placement
(Fig. 6). While evidence is lacking on this issue,
it was felt that nerve damage and subsequent
intractable pain was a significant risk and
could not be ruled out if a dental implant was
to be placed. These findings, the outcome of
our deliberations and options for replacement
of the missing upper left central incisor were
then discussed with the patient.

In this case, it was felt that there was a realistic
fixed alternative, an adhesive cantilever bridge
supported by the intact upper right central
incisor. This also had the advantage of very
low risk, rapidity of production and low cost.
The patient’s occlusion was also acceptable for
an adhesive restoration. The patient’s smile line
was favourable and so the contact of the pontic
with the defect in the alveolar ridge was hidden
during normal function. On balance, therefore,
it was felt that this was a realistic alternative

to potentially damaging implant therapy. The
patient accepted this proposal and was very
satisfied with the result (Fig. 7).

Discussion

Figure 8 is a diagrammatic representation of
the course of canalis sinuosus, from where it
leaves the infraorbital canal in the floor of the
orbit. The canal reaches the anterior margin of
the orbit lateral to the infra-orbital foramen,
before turning inferiorly and medially in the
anterior wall of the maxillary sinus. It curves
inferiorly to the infraorbital foramen before
reaching and then curving around the nasal
opening. Its termination in the nasal septum
is termed ‘foramen septale’ The two accessory
neurovascular canals found on the left side
in this case are shown branching inferiorly
towards the edentulous ridge at the site of the
upper left central incisor.

Several cases of intractable pain following
dental implant placement in the anterior maxilla
have been reported. In 2017, McCrea drew
attention to the presence of branches of canalis
sinuosus in the alveolar bone of the upper
incisor region and reported a case in which
dental implant placement had led to persistent
pain.? The author attributed this to ‘invasion
of the nasopalatine duct together with the
unidentified injury to an aberrant neurovascular
canal inferior to the canalis sinuosus. It is
reported that the patient’s symptoms resolved
following removal of the implant and repair of
the site with particulate xenograft material.

In 2017 Politis et al. published a case series of
26 patients referred to a tertiary centre because
of neuropathic pain, following dental implant
placement. Six patients with implants placed
in the anterior maxilla were included in the
study. Pain was attributed to nerve injury in
three of these six patients. The authors draw
attention to canalis sinuosus possibly being
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Fig. 4 Reformatted CBCT image in the axial
plane showing canalis sinuosus at the level of
the nasal floor

Implants |

Fig. 5 Reformatted CBCT image in the
coronal plane showing the communication
of an accessory neurovascular canal with
canalis sinuosus

CLINICAL

Fig. 6 Reformatted CBCT image in the sagittal
plane showing an accessory neurovascular
canal at the potential implant site

traumatised during implant placement and
present a CBCT image showing a dental
implant in close relationship to this canal.
Rodriguez-Lozano et al. in 2010 reported a
case in which eight maxillary implants were
placed.” At the time of surgery, a sharp pain
was felt during placement of the implant in
the upper left canine position. Pain persisted
many months postoperatively. While there is
some confusion over the diagnosis, the authors
attribute this, at least in part, to the position of
the dental implants. In the upper left canine
region, trauma to the anterior superior alveolar
nerve in canalis sinuosus cannot be ruled out."
In 2015, Shaeffer reported a case of
intractable pain following implant placement
in the upper left first premolar position but
which was impinging on the root of the
adjacent canine.® The pain did not subside
following removal of the implant, or of the
canine, and the diagnosis remained unclear.
Three cases of chronic idiopathic pain
following dental implant placement in the
anterior maxilla were reported by Patel
and Nixon in 2018.> They report that no
cause was identified for any case and that all
patients continued to experience symptoms.
Psychological aetiologies were proposed and
treatment was prescribed accordingly. None
of the implants were removed, on the basis
that further surgical trauma may worsen the
outcome. The authors report that CT or cone
beam CT imaging was available in some cases.
They considered possible sources of pain,
including ‘damage to the neurovascular bundle
or accessory nerves, but these were excluded as
possible diagnoses. An analysis of these images
specifically with regard to possible accessory
canals of canalis sinuosus is not reported.
Devine et al. in 2016 reported a retrospective
case series of ten patients with chronic
post-surgical pain following dental implant

Fig. 8 Diagram of the course of canalis sinuosus and the accessory neurovascular canals found

in this case

placement.! Of these, seven patients had
implants placed in the anterior maxilla. In two
cases, implants had been subsequently removed
but this did not result in improvement of the
symptoms. In some cases, the postoperative
pain began immediately after placement of the
dental implants and, in others, after provision
of the implant-supported prosthesis. Nine
patients were treated with pharmacological and
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behavioural therapy, with partial improvement
in five patients. One patient refused treatment.
The authors were not able to identify nerve
injury in these ten cases, although it is not clear
if the presence of accessory neurovascular canals
were specifically excluded. Understandably,
in most cases, the patients were left with their
prostheses in place so as not to deprive them of
a functional, long-term restoration.
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In 2003, Goodacre et al. carried out a
review of implant complications and found
that neurosensory disturbance affected 7% of
patients.” Unfortunately, the details of which
of these occurred in the anterior maxilla are
not available. Notwithstanding, the presence
of accessory canals in the anterior maxilla is
reasonably common. In an observational study
of 176 CBCT images of the anterior maxilla
in 2013, von Arx et al. found that there were
accessory canals, at least 1 mm in diameter, in
27.87% of patients.!” Of these, 56% could be
shown to communicate with canalis sinuosus.
In a similar study of cone beam CT images in
2015, Wanzeler et al. found that canalis sinuosus
itself was present in 88% of cases."" This raises
the question of whether these, often poorly
identified, neurovascular canals might be the
cause of at least some cases of intractable pain
following dental implant placement in the region.

It has been suggested that three surgical
scenarios are possible in relation to minor
neurovascular canals and dental implant
placement. The first is that the implant is placed
at a safe distance and no adverse consequences
arise. The second is that the drilling for the
implant osteotomy passes directly through
the neurovascular channel such that there is
nerve discontinuity at that point. Where this
is a functionally unimportant neurovascular
canal, such as canalis sinuosus or its accessory
branches, no adverse consequences arise. In
the third scenario, however, the implant is
placed such that it is compressing the nerves of
the canal, causing neuropathy. This outcome is
well reported in the case of the inferior dental
nerve for example.?**?*?* This offers a possible
explanation of why neuropathy following
dental implant placement in the anterior
maxilla does not always result if accessory
canals of canalis sinuosus are present.

The question is also raised of why some
patients only experience intractable pain
following fitting of the prosthesis to dental
implants.! It is possible that loading a dental
implant with a prosthesis increases the
compression of the surrounding bone during
function. Another explanation might be
that clinical and laboratory procedures are
sufficiently accurate to allow the fitting of a
splinted prosthesis, but that the fit is not quite
completely passive. Tightening the prosthesis
onto the implants might then place a torque on
an implant which compresses the surrounding
bone sufficiently and in a way that further
affects nerve tissue. Nonetheless, these are
merely speculative explanations.
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It seems clear that some cases of intractable
pain following implant surgery are the result of
psychological issues."” Chronic postoperative
pain can occur following other types of
surgery and parallels have been drawn with the
phantom pain experienced after amputation of
a limb, for example.>* Nevertheless, patients
with chronic pain often present a complex
diagnostic challenge. It seems reasonable to
assume that, if the accessory canals of canalis
sinuosus often remain unidentified, that at least
some cases in the anterior maxilla may have a
physical cause which is also unidentified. In
some cases, removal of the implant, which is
considered to be the cause of the pain, does
not resolve the problem.™® It might, therefore,
be assumed that the implant placement was
not the cause of the pain and other diagnoses
considered. Nevertheless, this would appear
to be an unsafe assumption. An alternative
explanation might be that the preparation of
the implant osteotomy and placement of an
implant is the cause of neural damage which
persists after removal of the implant itself.

Imaging guidelines

In prescribing imaging in this case, UK and
European guidelines were followed and these
led to the prescription of cone beam CT
imaging.'>'®!7!8 Nevertheless, in other cases,
it is possible that these guidelines could have
led to the prescription of a conventional
radiograph only. For example, the guidelines of
the European Association of Osseointegration
state:

If the clinical assessment of implant sites
indicates that there is sufficient bone width and
the conventional radiographic examination
reveals the relevant anatomical boundaries and
adequate bone height and space, no additional
imaging is required for implant placement’'

Therefore, if clinical examination, ridge
mapping and the results of conventional
radiography had suggested that the site was
adequate for dental implant placement,
current UK and European guidelines would
not have led to the prescription of a CBCT
image. These accessory canals are very unlikely
to be observed on conventional periapical
radiography. Nevertheless, the work of von Arx
et al. suggests that accessory canals are present
in approximately 28% of patients.'® Therefore,
this raises the question of whether cone beam
CT imaging should be routinely prescribed
before implant placement in the anterior
maxilla because of the possible presence of

accessory neurovascular canals in the implant
site. This would be the position of the American
Academy of Oral and Maxillofacial Radiology;
whose guidance suggests that CBCT imaging
should be used for the assessment of all
implant sites.

Some authors have also recommended three
dimensional imaging before dental implant
placement in the anterior maxilla. In 2007,
Jacobs et al. commented on the complexity
of neurovascularisation in the anterior jaw
bones. These authors suggested routine cross-
sectional imaging, before surgical intervention,
to avoid complications such as haemorrhage
or sensory disturbance.® Similarly, in a study
of the anatomy of the nasopalatine canal in
2009, Liang et al. reccommended preoperative
planning using CBCT imaging. Nevertheless,
amendment to UK and European guidance
would appear to be premature, based on
current evidence.

The small risks of developing cancer because
of exposure to ionising radiation must be
balanced against the benefits of the exposure
to the patient. The significance of accessory
neurovascular canals in the anterior maxilla
remains unclear. Additionally, the financial
costs to the patient of performing unnecessary
scans has to be considered. Von Arx et al.
commented in 2015 on the lack of evidence
concerning the clinical significance of surgical
damage to canalis sinuosus or its accessory
canals.!® Further research is necessary before a
change to current UK and European guidelines
could be supported on this basis.

Conclusion

This case presented with an accessory
neurovascular canal which was surgically
unavoidable during dental implant placement
and could have potentially led to persistent
postoperative pain. It remains the case,
however, that evidence about the significance
of accessory neurovascular canals with regard
to dental implant placement is very limited and
we cannot know the consequences if placement
had been carried out in this case. Even if there
had been intractable pain following implant
surgery, there would have still been doubt as
to whether damage to nerves in the accessory
neurovascular canals was the causative factor.
There are several case reports where intractable
pain following dental implant placement in
the anterior maxilla has been attributed to a
psychogenic origin."* Nonetheless, it seems
sensible, when aware of the presence of such
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accessory canals, to proceed with caution.

It was fortunate, in this case, that a realistic

alternative to implant therapy was easily

available. Decision-making, therefore, was

relatively straightforward. Nevertheless, this

may not be the case for other patients when

accessory neurovascular canals are present in

the anterior maxilla.

Following the availability of cone beam

computed tomography imaging, it has become

clear that the neurovascular supply of the

anterior maxilla is variable and often complex.

Conventional radiography is unlikely to fully

demonstrate this.
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