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Abstract (J Korean Assoc Oral Maxillofac Surg 2019;45:351-356)

Maxillary sinus floor augmentation (MSFA) is an essential procedure for implant installation in the posterior maxillary area with vertical alveolar bone

deficiency. For the past several decades, MSFA has been refined in terms of surgical methods along with technical progress, accumulation of clinical

studies, and development of graft materials and surgical instruments. Although some complications in MSFA are inevitable in clinical situations, man-

agement of those complications in MSFA has been well established thanks to many clinicians and researchers. Nevertheless, some rare complications

may arise and can result in fatal results. Therefore, clinicians should be well aware of such rare situations and complications associated with MSFA.

In this review, the authors present several rare complications regarding MSFA, along with corresponding management strategies through a thorough

review of the literature.

Key words: Maxillary sinus floor augmentation, Sinus floor augmentation, Sinus graft, Complication
[paper submitted 2019. 11. 15/ revised 2019. 11. 25 / accepted 2019. 11. 25]

I. Introduction

Maxillary sinus floor augmentation (MSFA) was first in-
troduced by Tatum', and its first official discussion occurred
in a publication by Boyne and James”. Since then, MSFA has
been refined in terms of surgical methods along with techni-
cal progress, accumulation of clinical studies, and develop-
ment of graft materials and surgical instruments. At present,
MSFA is an essential procedure for implant installation in
the posterior maxillary area with vertical alveolar bone defi-
ciency. There are two approaches to perform MSFA, a lateral
approach and a transcrestal approach. Both are safe and ef-
fective procedures to produce adequate bone formation for
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implant installation in the pneumatized maxillary sinus.

Furthermore, both approaches show a high success rate
in graft and implant survival**. However, some intraopera-
tive and postoperative complications can result from MSFA.
These complications include perforation of the Schneiderian
membrane, bleeding, displacement of graft material, sinus
congestion, maxillary sinusitis, infection, and others™®. Al-
though complications in MSFA are inevitable in clinical
situations, management of these complications in MSFA has
been well established thanks to many clinicians and research-
ers. Nevertheless, some rare complications may arise, for
which clinicians may be unprepared, resulting in difficulty
and postponement of treatment. In some cases, such situa-
tions can lead to fatal problems. Therefore, clinicians should
be well aware of rare situations and complications associated
with MSFA. This review aims to present several rare com-
plications related to MSFA to enable clinicians to cope with
such circumstances appropriately.
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Il. Rare Complications

1. Migration of dental implant to another site

Displacement of a dental implant into the maxillary sinus
is relatively common, and its possible causes include low pri-
mary stability of dental implant relative to bone, insufficient
experience of the surgeon, pressure from the temporary den-
ture, inadequate manipulation of non-integrated implant, and
others’. In cases of migration, two treatment modalities have
been suggested for removal of the displaced dental implants,
formation of a bony window on the maxillary anterolateral
surface via an intraoral approach and functional endoscopic
sinus surgery (FESS) via a transnasal approach. These mo-
dalities can be performed selectively upon considering the
existence of an oroantral fistula or an obstructed ostium of
the maxillary sinus. An intraoral approach can remove dis-
placed implants and close an oroantral fistula using local
flaps. However, it cannot provide sufficient management of
an obstructed ostium of the maxillary sinus. Although FESS
cannot close an oroantral fistula, it allows simultaneous man-
agement of an ostium of the maxillary sinus, treatment of
paranasal sinus infection, and removal of dental implants"®.

There are some possible locations into which dental im-
plants can be displaced. Theoretically, the implants can be
displaced into the paranasal sinus connected with the maxil-
lary sinus. However, other than the maxillary sinus, only
cases of implant displacement into the sphenoid and ethmoid
sinuses have been reported”''. Haben et al.” first reported a
case with a migrated dental implant into the ethmoid sinus.
However, the patient did not undergo MSFA. In this case, al-
though the authors tried to remove the displaced implant us-
ing an endoscopic approach, they could not find the implant,
and the procedure was terminated. Fortunately, there was no
foreign body detected upon postoperative plain films. Bakh-
shalian et al." also reported migration of a dental implant into
the ethmoid sinus. A 60-year-old male patient who underwent
MSFA via a transcrestal approach showed one implant dis-
placed into the ethmoid sinus adjacent to the orbit on com-
puted tomography (CT) scan. The displaced dental implant
was removed by formation of a bony window via an intraoral
approach, and an endoscopic camera was used to visualize
the migrated implant. The authors presented a hypothesis for
this migration as ciliary movement of the columnar epithe-
lium in the maxillary sinus for drainage.

To the best of our knowledge, there is only one case report

discussing an implant displaced into the sphenoid sinus. Fe-
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lisati et al." demonstrated that a 45-year-old female patient
with a dental implant displaced into the maxillary sinus dur-
ing a surgical procedure showed spontaneous migration of
the implant into the sphenoid sinus two weeks after surgery
in the posterior maxillary area. The implant was removed us-
ing an endoscope via a transnasal approach, and the patient
showed an uneventful postoperative recovery. The authors
presumed that the reason for the displacement was presence
of a large-diameter maxillary sinus ostium, and the tip of the
implant was engaged with the spheno-ethmoidal recess due
to the physiological response of mucociliary clearance.

Another infrequent case example is that of an implant that
has been displaced into the anterior cranial fossa. Cascone
et al.” reported a case showing implant displacement in the
anterior cranial fossa. A 50-year-old male complained of per-
sistent rhinorrhea after installation of a dental implant in the
left maxilla. He also showed a hematoma on the left medial
canthus. A CT scan showed the implant displaced into the
anterior cranial fossa between the medial orbital wall and the
sphenoid bone. The implant was removed endoscopically via
the left nasal cavity. Since the implant was in contact with the
cerebral parenchyma, dural repair was also performed using
bovine pericardium product. The patient showed no specific
complications during follow-up up to one year after surgery.

Based on the cases above, we conclude that prevention of
the migration is the best way to avoid negative patient out-
come when performing an implant installation in the post
maxillary area. Since implants that had been displaced into
the ethmoid sinus, sphenoid sinus, and anterior cranial fossa
all migrated from the maxillary sinus, clinicians should iden-
tify major causes of displacement into the maxillary sinus
and carefully perform implant installation in the posterior
maxillary area, especially when performing MSFA. In addi-
tion, if the implant migrates into the maxillary sinus during
installation, it should be immediately removed, or the patient
should be referred to oral and maxillofacial surgeons in gen-
eral hospitals for the immediate management.

2. Infections associated with MSFA

Infection after MSFA is common, with an incidence up to
21% reported in the literature’. Contamination of the maxil-
lary sinus by bacteria during MSFA seems to be inevitable.
Postoperative infection following MSFA can occur in two
ways, infection of graft material below the elevated sinus
membrane and infection of the sinus itself'*. The former oc-

curs much more frequently than the latter'’. The reported



symptoms of sinus graft infection are severe pain, fistula for-
mation, recurrent facial swelling at postoperative two to three
weeks, abscess, fever, and loss of graft materials'®. The com-
mon symptoms of sinus infection consist of pain, swelling,
tenderness, pus discharge, and purulent exudate from the na-
sal cavity'”. Most infections after MSFA are bacterial and can
be effectively treated with antibiotics. However, in a case of
a major sinus graft infection, further management including
endoscopic sinus exploration, surgical exploration, and rins-
ing is required, in addition to administration of systemic anti-
biotics*'*. When performing MSFA, most authors prescribe
antibiotics and anti-inflammatory or corticosteroid with 0.2%
chlorhexidine mouthwash preoperatively and postoperatively
to prevent infection™>'*",

Fungal infection after MSFA rarely occurs, but Sohn et al.*’
presented an unusual case of Aspergillus infection associated
with MSFA. In their case report, a 48-year-old male had un-
dergone MSFA in the right maxillary sinus in a private dental
clinic. Three dental implants were placed in the right maxilla.
After six months, however, those implants were neither cov-
ered with soft tissue nor stable. As a result, one implant was
removed by his dentist, and the patient was referred to a uni-
versity hospital for further evaluation and management. CT
scan showed a floating grafted bone from the sinus floor that
was encapsulated by a thickened Schneiderian membrane.
After surgical exposure of the right maxillary sinus, the in-
fected graft materials were removed and sent for histopatho-
logic examination, whereby Aspergillosis was detected.

The authors of this case reported that the grafted mate-
rial was infected when the implant was placed, or the sinus
already had been infected by the fungus prior to implant sur-
gery. Although the specific source of fungus infection in this
patient was not apparent, the authors believed that smoking
and perforation of the sinus membrane during MSFA might
be contributing factors.

Methicillin-resistant Staphylococcus aureus (MRSA) infec-
tion associated with MSFA was reported as a rare case. Ward
et al.”' presented an 82-year-old female with MRSA sinus-
itis following MSFA and subsequent placement of 11 endo-
osseous implants. The patient’s medical history consisted of
hypertension, immunocompetency, depression, hypothyroid-
ism, and osteoarthritis. She had undergone multiple medical
treatments and surgical procedures to manage chronic sinus-
itis over 20 years. After implant installation, she complained
of persistent and worsening symptoms of sinusitis and under-
went surgery, including endoscopic bilateral ethmoidectomy,

maxillary antrostomy, sphenoidotomy, and exploration of the
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frontal sinus by an otolaryngologist. Two years after the op-
eration, the patient showed left frontal swelling and pus dis-
charge from a bilateral maxillary antrostomy area. Pus culture
confirmed the presence of MRSA; therefore, intravenous ad-
ministration of vancomycin and levofloxacin was provided,
and frontal and maxillary sinusotomy was performed. A large
amount of purulent debris around multiple dental implants
protruding into the sinus was observed during surgery.
Therefore, the patient was referred to the department of
oral and maxillofacial surgery for evaluation of the possibility
of implant removal. After surgical removal of all 11 implants,
she showed uneventful healing with six weeks of intravenous
administration of antibiotics. It was assumed that sinus dis-
ease was a preexisting condition and might have been respon-
sible for this problematic situation. Therefore, Ward et al.”
proposed that patients with a previous history of chronic si-
nus problems should be evaluated thoroughly before MSFA.
Another uncommon infection occurring with MSFA is
maxillary sinusitis associated with peri-implantitis (MSPI).
Recently, Park et al.”” demonstrated the treatment outcome of
eight patients diagnosed with MSPI after MSFA. In their case
series, diagnosis of MSPI was based on clinical symptoms
and findings obtained via cone-beam CT (CBCT), which
showed mucosal thickening and obstruction of the ostium.
The most frequent clinical symptom was nasal obstruction,
followed by mucoid rhinorrhea and loss of smell. In addition,
all the dental implant prostheses showed idiosyncratic screw
loosening at the time of diagnosis. All eight patients were
treated with implant removal and administration of antibiot-
ics, with or without the modified Caldwell-Luc operation
(CLOP). All clinical symptoms in the eight patients were re-
solved at the six-month postoperative follow-up. The authors
in this case series suggested with caution that the lateral ap-
proach may be a better method than the transcrestal approach
to prevent MSPI when the residual alveolar ridge height is
at a borderline level since the eight patients consisted of six
who had undergone the transcrestal approach and two who
had undergone the lateral approach. Conclusively, the authors
suggested that progression of peri-implantitis in an augment-
ed sinus floor site may cause maxillary sinusitis, and early
intervention for MSPI is important. Just as periapical lesions
of natural teeth can cause odontogenic maxillary sinusitis, it
is thought the peri-implantitis may also cause maxillary si-
nusitis. Therefore, we should be aware of this possibility.
Through the cases above, we assume that a thorough pre-
operative history is important when patients show clinical

symptoms associated with maxillary sinusitis, and an imme-
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diate intervention such as medication is needed. Furthermore,
clinicians should carefully consider surgical treatment if the
symptoms do not improve with medication.

3. Benign paroxysmal positional vertigo

Benign paroxysmal positional vertigo (BPPV) is one of the
complications associated with the transcrestal approach using
osteotomes for MSFA. Although BPPV is not uncommon, its
importance is worth mentioning in this review.

Dix and Hallpike™ first introduced the term ‘BPPV’ and
suggested the Dix—Hallpike test for confirmation. The in-
cidence of BPPV associated with the transcrestal approach
is less than 3% in the literature™. The typical symptoms of
BPPV are short, strong vertigo and nausea caused by angular
positional change of the head. These symptoms usually sub-
side within several days to weeks; however, some cases show
persistent symptoms.

BPPV associated with the transcrestal approach is con-
sidered a secondary occurrence. Secondary BPPV is often
triggered by head and neck trauma and surgeries such as sta-
pedectomy, cochlear implantation, MSFA using osteotomes,
and molar extraction. The hypothesis of origination of sec-
ondary BPPV is that surgical trauma, especially pressure gen-
erated by procedures such as MSFA using osteotomes, can
cause detachment of the otolith, and the detached otolith may
move into the posterior semicircular canal because of patient
hyperextended and tilted head position during surgery.

Some treatment modalities have been recommended for
management of BPPV, including medication, surgery, and
vestibular exercises. First, we should be well aware of the
primary management techniques for the desired reposition-
ing of the otolith into the utricle. This maneuver, called the
canalith repositioning procedure, was introduced by Epley”
in 1992. The procedure begins with seating the patient in a
dental unit chair and tilting his or her head 45 degrees to the
affected side. Then, the patient lies down, and the headrest is
tilted to angle the patient’s head backward while maintaining
the turned head posture. Next, the patient’s head is slowly
rotated to the unaffected side. Finally, the patient slowly re-
turns to a vertical sitting position. After this procedure, the
following instructions are recommended: the patient should
not lie back, bend over, or tilt the head for two days; the
patient should not turn the head to the affected side during
sleep. This technique is very useful to alleviate the symptoms
of BPPV. Therefore, if a patient complains of dizziness after

MSFA using osteotomes, this procedure should be considered
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for management of BPPV. If nausea persists, use of medica-
tion for motion sickness can be considered, although it does
not generally work™.

According to Vernamonte et al.”’, oral and maxillofacial
surgeons should recognize and respond to such a situation.
Furthermore, the immediate referral of the patient to the oto-
laryngologist should be considered for early diagnosis and
treatment. This approach will provide relief to the patient and
maintain a medico-legal guarantee for surgeons, in addition
to reducing the risk of long-lasting BPPV symptoms. It is
suggested that risk of postoperative BPPV be explained to
patients who need MSFA using osteotomes. If BPPV occurs,
oral and maxillofacial surgeons should manage it wisely us-
ing the methods described above.

4. Devitalization of adjacent teeth following MSFA

There has been a concern that devitalization of adjacent
teeth may occur as a rare complication of MSFA. Theoreti-
cally, when the Schneiderian membrane is lifted, the blood
supply to the apices of adjacent teeth may be jeopardized due
to rupture of blood vessels. As a result, there is a possibil-
ity of vitality loss or pulp necrosis of the teeth. Romanos et
al.*® reported a case series about the loss of pulp vitality after
MSFA. In their case series, three patients showed devitaliza-
tion of neighboring teeth following MSFA, and they under-
went endodontic treatment performed by endodontists. The
preoperative evaluation presented no dental caries and intact
pulp vitality determined by cold testing. Conventional MSFA
was performed for all patients with two-stage implant instal-
lation. Two of the three patients were asymptomatic, and the
other showed periapical radiolucency. There was no evidence
of occlusal trauma, bruxism, or parafunctional habits in the
preoperative clinical exam. Therefore, the authors in this
case series concluded that pulp necrosis occurred when the
Schneiderian membrane was elevated over the apices of the
teeth, which are close to the sinus floor.

In 2018, a retrospective radiographic study about this
1. conducted a study on 257
patients who met the inclusion criteria and assessed the prob-

topic was published. Beck et a

ability of tooth devitalization retrospectively after MSFA,
with a value less than 0.7%. Only one case showed tooth
devitalization a few months after implant placement. In this
case, augmented graft materials were extended over the root
of the tooth on the postoperative panoramic view. Although
the exact mechanism or cause was not identified, this compli-

cation seems to be very rare. The authors in this retrospective



study assumed that the extremely low probability of devital-
ization of adjacent teeth after MSFA might be attributed to
the existence of collateral circulation in the alveolar bone of
the maxilla. However, the authors also supposed the possibil-
ity of asymptomatic teeth with devitalized pulp. Therefore,
they mentioned that a prospective study should be performed
to investigate this topic further.

CLOP is a more invasive surgery of the sinus compared to
MSFA and has a very low probability of tooth devitalization
(i.e., two of 464 cases’). Accordingly, it seems logical that
MSFA, which is a less invasive surgery than CLOP, has an
extremely low frequency of devitalization of adjacent teeth
after surgery. Although this complication is not common, we
should be aware of its potential and be able to conduct appro-
priate clinical and radiological examinations for evaluation
when in doubt.

lll. Conclusion

MSFA is a necessary procedure in daily clinical practice,
and management of related common complications has been
established. Nevertheless, unexpected rare complications ay
occur. Therefore, MSFA should be performed after a thor-
ough preoperative examination, precise radiological evalu-
ation and analysis, and appropriate patient selection. In the
event of a sudden medical situation resulting from rare com-
plications of MSFA, it may be challenging to deal with the
problem. Hence, oral and maxillofacial surgeons should be
aware of these complications and their preventive measures,

as well as the solutions.
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