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Abstract: Background: Dental implant placement in the posterior maxilla may be complicated by implant migration
into the maxillary sinus. Purpose: To report the clinical and radiological characteristics of a patient who experienced
dental implant displacement into the maxillary sinus following sinus floor elevation, and to compare our findings
with those of other published reports of the displacement of dental implants. Materials and methods: Implant
placement and maxillary sinus elevation were performed simultaneously. The location of the displaced implant
was monitored for 8 years, until the ectopic implant was surgically removed using the lateral window approach. The
contributing factors, treatment modality, and clinical outcome for our patient were compared with those of patients
reported in the literature. Results: The clinical characteristics of our case were similar to those of patients with
displaced implants who were also asymptomatic for long periods. The clinical outcome of our case was consistent
with that of patients who underwent similar surgeries. Conclusions: Transnasal endoscopic removal of an ectopic
implant may be suitable in cases in which the ectopic implant is accessible. Transoral direct approaches are ad-
equate in most cases in which endoscopic approaches may be confounded. The bony-window transoral technique
may allow the removal of large implants.
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Introduction maxilla, and serves as a contraindication for
implant surgery [3]. The presence of type-IV
alveolar bone also contributes to the displace-
ment of maxillary dental implants [3]. Sinus
floor elevation is a surgical technique used to

increase bone height at the posterior maxilla

Replacing missing teeth with osseointegrated
dental implants is a common surgical proce-
dure, providing long-term relief of tooth loss in
most cases. However, dental implant place-

ment is not without its complications. Com-
plications related to dental implants include
infection, failure to osseointegrate, bleeding,
and migration of the dental implant. Implants
installed in the posterior maxilla can migrate
into the maxillary sinus. Implant displacement
in the posterior maxilla usually occurs during
surgery, but it can also occur months or even
years of function of implant-supported prosthe-
ses [1-4].

The resorption of the alveolar ridge and the pro-
gressive pneumatization of the maxillary sinus
reduce the height of the edentulous posterior
maxilla. Inadequate bone height is the primary
cause of implant displacement in the posterior

before the placement of dental implants. Sinus
floor elevation may be performed using an inter-
nal or external approach. Internal approaches
are less costly, more straightforward proce-
dures that can be performed more rapidly and
result in considerably less morbidity than exter-
nal approaches [5, 6]. Internal approaches pro-
duce reliable long-term results for the place-
ment of dental implants in most cases [5, 6].

Clinical reports of the migration of dental im-
plants into the maxillary sinus of patients who
had undergone an internal sinus lift before
implant placement are scant. We present a
case of dental implant migration into the maxil-
lary sinus following internal sinus floor eleva-
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Figure 1. Panoramic radiograph showing the implant
following maxillary sinus elevation. A tooth-support-
ed fixed prosthesis had been installed previously
from the right mandibular canine to the third molar.
The restored occlusal surface of the mandibular right
third molar was higher than the right-side functional
occlusal plane.

Figure 2. Panoramic radiograph recorded 3 months
after implant placement. The loss of opacity near
the neck of the right second molar implant indicat-
ed bone loss, and was more conspicuous than that
detected at the 6-month follow-up examination. The
right second molar implant exhibited an apical shift
and distal tilting.

Figure 3. Panoramic radiograph recorded 6 months
after implant placement. The loss of opacity near
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the apex of the right second molar implant indicated
bone loss and the bone graft had been lost com-
pletely.

Figure 4. Panoramic radiograph recorded 6 months
after implant placement showing the ectopic implant
in the maxillary sinus following the attempt to re-
move it.

Figure 5. Panoramic radiograph recorded 1 year af-
ter the displacement of implant into the maxillary
sinus.

Figure 6. Panoramic radiograph recorded 5 years
after the displacement of implant into the maxillary
sinus.
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tion. The position of the ectopic intrasinal
implant was followed until it was removed using
a lateral window approach 8 years later. A liter-
ature search was performed, and the clinical
characteristics, treatment modality, and clini-
cal outcome of our case were compared with
those of other patients described in the litera-
ture. The factors contributing to dental implant
displacement and the available treatment op-
tions are discussed.

Case report

Our study was approved by the Hospital Ethics
Committee of Zhongshan Hospital and Fudan
University (Shanghai, China). Written informed
consent was obtained from the patient for the
publication of this case report and the accom-
panying images. In 2005, a partially edentulous
65-year-old woman was referred to our depart-
ment for implant placement. She exhibited no
symptoms of systemic disease, and had no his-
tory of smoking. The patient had a loosely fit-
ting, removable partial maxillary denture. The
left posterior maxilla was edentulous from the
canine to the third molar, and the second pre-
molar and second and third molars were absent
from the right posterior maxilla. The first premo-
lar and first molar of the right maxilla had been
previously prepared for crowns. A fixed tooth-
supported prosthesis was present from the
right mandibular canine to the third molar. A
panoramic radiograph revealed pneumatiza-
tion of the maxillary sinuses and advanced
absorption of the maxillary alveolar ridge
(Figure 1).

Implant placement and maxillary sinus eleva-
tion were performed in a single operation under
local anesthesia. Internal sinus floor elevation,
as described by Summers [5], was performed
on both sides of the maxilla using the Bio-Oss
artificial bone material (Geistlich Pharma,
Wolhusen, Switzerland), according to the manu-
facturer’s instructions. The healing abutments
were connected simultaneously because the
implants exhibited acceptable primary stability
(Figure 1). The patient was prescribed a 10-day
regimen of antibiotic therapy for postoperative
prophylaxis, and the wound healing was un-
eventful. After surgery, the angle of the right
second-molar implant changed markedly, with
the head of the implant shifting distally, and the
implant had begun to recede into the maxilla
(Figure 2). Six months following implant instal-
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lation, the root of the implant penetrated the
maxillary sinus, and the graft was found to have
failed (Figure 3).

The patient agreed to the removal of the ecto-
pic implant. However, the implant slipped into
the sinus as the temporary abutment was
removed. A panoramic radiograph revealed
that the implant was located in the superior-
external region of the maxillary sinus (Figure 4).
Because the patient declined to undergo any
procedure for the removal of the ectopic
implant, the oroantral fistula was sealed with a
mucoperiosteal flap. During the subsequent 5
years, the patient exhibited no symptoms of
sinus pathology, despite the occasional shifting
of the implant within the sinus (Figures 5 and
6). Cone-beam computed tomography (CT)
images recorded 7.5 years after the implant
had entered the sinus showed that it was locat-
ed adjacent to the nasal cavity and that the
Schneiderian membrane had thickened (Figure
7). The patient declined surgical removal of the
implant, citing that she had remained symp-
tom-free. Six months later, cone-beam CT imag-
es showed that the implant remained in the
same position and that the swelling of the
Schneiderian membrane had decreased
(Figure 8). The patient agreed to the surgical
removal of the ectopic implant. The Caldwell-
Luc surgical procedure was performed under
local anesthesia using the transalveolar lateral
window approach, and the implant was removed
from the sinus. Six months later, the lateral wall
defect was visible in a cone-beam CT image,
but no thickening of the right maxillary sinus
was observed (Figure 9).

Literature search

To gain a better understanding of the factors
that contribute to the displacement of dental
implants into the maxillary sinus, we performed
a literature search of the major online medical
databases using the keywords “implant”,
“migration”, “complications”, and “maxillary
sinus” to identify articles describing the dis-
placement of dental implants into maxillary
sinus that were published before June 2013.
The reference sections of the articles retrieved
were manually searched for other relevant
papers.

Thirty-two articles were identified that descr-
ibed patients (n = 81) who had experienced
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Figure 7. Cone-beam computed tomography (hori-
zontal cross-section) image recorded 7.5 years after
the displacement of implant into the maxillary sinus.

Figure 8. Cone-beam computed tomography (hori-
zontal cross-section) image recorded 8 years after

the displacement of implant into the maxillary sinus.

Figure 9. Cone-beam computed tomography (vertical cross-section) images recorded 6 months after the removal
of the implant.

implant displacement into the maxillary sinus
(n = 84; Table 1), among whom 10 different
modalities had been used to remove the ecto-
pic implants (Table 2) [1-3, 7-35]. Before 2000,
reports of implant migration into the maxillary
sinus occurred sporadically, consisting of 4 arti-
cles describing 11 patients with 12 implants.
As the use of implants became increasingly
widespread, more cases of implant displace-
ment into the maxillary sinus were reported.
Twenty-eight articles describing 70 patients
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with 72 ectopic implants in the maxillary sinus
were published between January 2000 and
June 2013, with the number of articles pub-
lished increasing yearly.

Discussion

The causes of dental implant displacement
include poor bone quality, untreated membrane
perforation, and the use excessive force during
installation [3, 9, 18, 20, 27]. However, the fac-
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Table 1. Cases of displaced dental implants reported in the literature

Authors and year published Cases/Im-  Previous sinus-lift and/ Symptoms (n) CT or surgery findings Treatments applied
plants (n) or bone graft (n)
Quiney et al., 1990 1/2 — yes (2) — LW (2)
Ueda and Kaneda, 1992 1 no yes — LW
Regev et al., 1995 2 staged onlay bone graft (1) no (2) —_ LW (1) and transcrestal (1)
Pagella et al., 1999 7 — yes (6)/no (1) — LW transoral endoscopic
lida et al., 2000 1 — no without sinusitis removal
Raghoebar and Vissink, 2003 1 no no —_ LW + SFE
Nakamura et al., 2004 1 — no — LW transoral endoscopic
El Charkawi et al., 2005 1 — yes sinusitis LW transoral endoscopic
Galindo et al., 2005 2 — no (2) — removal (1) and 2 years follow-up (1)
Varol et al., 2006 3 — — — LW transoral endoscopic (3)
Felisati et al., 2007 1 — no sinusitis transnasal endoscopic
Guler and Delilbasi, 2007 2 —_ no (2) —_ LW (1) and lost contact with the patient (1)
Kim et al., 2007 1 —_ yes sinusitis transnasal endoscopic
Kitamura and Zeredo, 2010 1 —_ yes —_ transnasal endoscopic
Lubbe et al., 2008 1 —_ yes —_ transnasal endoscopic
Chappuis et al., 2009 1 staged sinus lift no sinusitis transcrestal endoscopic
Chiapasco et al., 2009 27 — yes (13)/no (14) sinusitis (13), without sinusitis (14) LW (2**+15), transnasal endoscopic (6), LW+ transnasal endoscopic (4)
Flanagan, 2009 1 — no — LW
Ridaura-Ruiz et al., 2009 9/10 staged sinus lift (1/2) yes (3)/no (7) sinusitis (6) LW (5), LW+SFE (1), transcrestal (1) and follow-up (2/3)
Ucer, 2009 1 — — sinusitis LW transoral endoscopy + SFE
Griffa et al., 2010 1 — yes —_— transcrestal endoscopic
Kitamura and Zeredo, 2010 1 — yes sinusitis transnasal endoscopic
Kluppel et al., 2010 2 — no (2) without sinusitis LW+SFE (1) and 5 years of follow-up (1)
Ramotar et al., 2010 2 — yes (1)/no (1) — transnasal endoscopic
Galindo-Moreno et al., 2011 2 staged sinus lift (2) yes (1)/no (1) —_ 4 years of follow-up (1) and LW (1)
Sammartino et al., 2011 1 —_ no without sinusitis LW** with piezosurgery device
Scarano et al., 2011 1 — yes sinusitis LW
Sohn et al., 2011 1 internal sinus lift no —_ LW* with piezosurgery device + SFE + implant insertion
Tilaveridis et al., 2012 2/3 —_ yes (2)/no (1) sinusitis(2), without sinusitis (1) LW (1), LW** (2)
Tsodoulos et al., 2012 1 — no without sinusitis LW#*
Fusari et al., 2013 1 — no without sinusitis LW with piezosurgical device**
van de Loo et al., 2013 1 — yes sinusitis spontaneously expelled

LW = lateral wall approach; SFE = sinus floor elevation. *nonvascularized replaceable bony window; **vascularized replaceable bony widow.
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Table 2. Treatments reported in the literature for the removal of displaced implants from the maxil-

lary sinus

Treatment options Implants (n) Subtotal A Subtotal B
Follow-up 6

Transcrestal approach 2 Direct approach: n = 42 Transoral: n = 58
LW 36 (LW: n = 54; transcrestal: n = 4)
LW + SFE 3

LW + SFE + implant insertion 1

LW transoral endoscopy 13 Endoscopy: n = 32

LW transoral endoscopy + SFE 1

Transcrestal endoscopy 2

Transnasal endoscopy 12 Transnasal: n = 12
LW + transnasal endoscopy 4 Combination: n =4
Not presented 2

Lost contact 1

Spontaneously expelled 1

Total 84

LW = lateral window approach; SFE = sinus floor elevation.

tors that contribute to implants migrating into
the maxillary sinus remain largely unclear.
Limited bone height at the posterior upper
maxilla as a result of alveolar ridge resorption
or maxillary sinus hyperpneumatization is a
predisposing factor for implant migration into
the sinus [9, 18]. The advent of sinus elevation
techniques have markedly improved the stabil-
ity of implants installed in the posterior maxilla
[36, 37]. However, the migration of implants
into the maxillary sinus following sinus floor
elevation can occur nonetheless [1, 20, 27].

Galindo-Moreno et al [20]. described 2 cases
of maxillary sinus elevation and prosthetic
rehabilitation in which an implant migrated
through a histopathologically-verified stable
composite bone graft. They suggested that the
perforation of the Schneiderian membrane, the
failure to achieve implant primary stability, and
the resorption of the bone graft caused by
increased osteoclastic activity may have con-
tributed to implant migration in their patients
[20]. Following maxillary sinus elevation in our
patient, the height of the residual crest was
greater than 5 mm, and the implants exhibited
acceptable primary stability. In addition, no
perforation of the Schneiderian membrane was
detected using the Valsalva maneuver. None-
theless, the graft was found to have failed 6
months later (Figure 3). The loss of the bone
graft suggests that an increase in nonspecific
osteoclastic activity may have contributed to
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the migration of the implant, but we were
unable to obtain a biopsy of the bone graft for
histopathological examination.

Galindo et al. [9]. Proposed that the following
processes contribute to the migration of
implants into the maxillary sinus: (1) Changes
in intrasinal and nasal pressures; (2) Peri-
implant bone destruction and compromised
osseointegration due to an autoimmune reac-
tion to the implant, and (3) bone resorption
caused by an incorrect distribution of occlusal
forces. In addition, Kluppel et al. [24] suggest-
ed that the migration of dental implants into
the maxillary sinus occurs more frequently in
patients who undergo implant placement and
maxillary sinus elevation simultaneously.

A small number of the articles indentified in our
review of the literature described implants
migrating into the sinus cavity as a result of
occlusal forces [16, 24, 25]. In our patient, the
previously restored occlusal surface of the right
mandibular third molar was higher than the
functional occlusal plane of the right maxillary
second molar and premolars (Figure 1). Ther-
efore, the occlusal forces on the right-side
abutment may have been borne unevenly dur-
ing mastication. Our patient also admitted that
she preferred to use her right teeth to chew
food because her left posterior maxillary teeth
were all implant-supported, whereas 2 of her
natural teeth remained in her right maxilla.

Int J Clin Exp Med 2015;8(4):4826-4836
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Figure 10. Treatment options for removal of ectopic dental implants from the maxillary sinus.

Therefore, unevenly distributed occlusal forces
might have contributed to the migration of the
posterior maxillary implant in our patient.

Insufficient osseointegration may also lead to
the mobilization of a dental implant. The resorp-
tion of bone around an implant and consequent
apical mobilization can be radiographically
detected. In our patient, the radiograph record-
ed 3 months after placement shows a low-den-
sity area distal to the neck of the implant that
was indicative of bone loss (Figure 2). However,
nonuniformly distributed occlusal forces may
have applied greater pressure to the second
molar implant, which increased the angle
between the axis of the implant and the neigh-
boring tooth by pushing the head distally and
the root apically over time (Figures 2 and 3),
with the apical displacement of the implant per-
forating the Schneiderian membrane. Conse-
quently, the graft may have been expelled into
the sinus, or infection induced via the perforat-
ed sinus may have caused the resorption of the
graft, resulting in the failure of the maxillary
sinus elevation procedure. Therefore, the occlu-
sal changes following implant placement may
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also have contributed to the loss of the maxil-
lary bone graft.

According to the literature review, implants dis-
placed into the maxillary sinus may remain sta-
tionary in the sinus, migrate to another antrum
[38], cause airway obstruction [13], or be spon-
taneously expelled from the antrum. The per-
sistence of an implant in the maxillary sinus
may not manifest pathological symptoms or
signs of inflammation. Some patients develop
sinusitis, which may lead to other major compli-
cations. Three modalities have been proposed
for the treatment of ectopic maxillary implants,
which include the surgical removal of the dental
implant from the sinus, simultaneous implant
removal and maxillary sinus elevation, and con-
tinued follow-up examinations only to monitor
the location of the implant and the potential
pathological manifestations. Treatment selec-
tion is primarily based on the presence of signs
of pathology or inflammation associated with
the migration, but most of the authors of pub-
lished reports have suggested that implants
should be removed from the sinus to avoid
complications [2].

Int J Clin Exp Med 2015;8(4):4826-4836
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Our search of the literature retrieved reports of
43 asymptomatic intrasinal implants and 37
intrasinal implants that caused sinus disorders.
Among the cases with asymptomatic intrasinal
implants, CT imaging and visual inspection dur-
ing surgery revealed that 8 of the implants had
indeed caused varying levels of inflammation.
We identified only 5 patients with ectopic intra-
sinal implants (n = 6) in the literature that had
been followed. However, most of the follow-up
periods were less than 5 years [9, 20, 24, 27].
The longest follow-up period was 7 years, after
which the implant was removed due to related
sinusitis [29]. In our patient, CT images record-
ed 7.5 years after the implant had migrated
into the sinus showed localized inflammation
(Figures 7 and 8). Therefore, mounting eviden-
ce of the long-term effects of ectopic dental
implants in the maxillary sinus suggests that all
such implants should be removed to avoid
sinus pathology.

The surgical techniques used to remove dis-
placed implants differ depending on the loca-
tion of the ectopic implant and the symptoms
manifested, and are aimed at maintaining the
drainage and ventilation of the antrum. Gon-
zalez-Garcia et al. [39] classified therapeutic
methods for the removal of ectopic intrasinal
implants as endoscopic or direct approaches.
Through our literature search, we identified 9
implant retrieval options that consisted of
endoscopic approaches, direct approaches, or
combinations of each (Table 2). Transnasal or
transoral endoscopic surgeries were used for
the removal of 32 implants, and transcrestal or
transalveolar direct approaches were used for
the removal of 42 implants.

In recent years, endoscopic approaches for the
removal of implants have become more widely
used, especially the use of transnasal endos-
copy, due to the low morbidity and rapid recov-
ery associated with these procedures, and
because they often allow the simultaneous
opportunity to treat the ostium and affected
paranasal sinuses [39]. However, endoscopic
procedures require specific training, special-
ized equipment, and the use general anesthe-
sia. The application of endoscopic procedures
is limited by the location [15] and size [12] of
the implant because the procedures rely on the
removal of the ectopic implant through the
ostium.
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Transoral direct surgical techniques include lat-
eral window and transcrestal approaches, both
of which can be performed under local anes-
thesia. Both types of direct approaches are
minorly invasive procedures, requiring a small
ostium in the maxilla to access the sinus. A
transcrestal approach limits access to the
antrum, and should only be used for cases that
specifically require it. The lateral window tech-
nique diminishes the integrity of the lateral wall
of the maxilla, and the access window may not
reossify if bone grafting is not performed simul-
taneously. Although the risk of morbidity asso-
ciated with the lateral window surgery is higher
than that of endoscopic approaches, it has
been the most widely used procedure for
removing ectopic implants from the maxillary
sinus.

We used the lateral window approach for the
removal of the displaced implant from the max-
illary sinus of our patient, and the CT images
recorded 6 months following the removal of the
displaced implant showed the absence of reos-
sification of the lateral access window and
thickening of the Schneiderian membrane. The
formation of scar tissue at the lateral window
incision site may confound a subsequent sinus
lift procedure. However, Biglioli and Goisis [40]
showed that the use of a harvested bone flap to
seal the lateral window can prevent this compli-
cation. This procedure maintains the integrity
of the sinus lining, ensuring an adequate blood
supply for the survival and ossification of the
lateral window bone graft.

Piezosurgery has been used to improve the out-
come of lateral window surgery. Sammartino et
al. [28] used a piezosurgical device to create a
greenstick fracture for the vascularized replace-
able bony window for the removal of an ectopic
implant from the maxillary sinus, and CT imag-
es recorded 6 months after surgery showed
complete healing of the lateral window. The
bony window techniques allow the access win-
dow to be placed anteriorly or posteriorly, which
is useful for cases in which endoscopic removal
may be difficult due to the location of the ecto-
pic implant. The bony window techniques also
allow the use of larger access windows for the
removal of large implants [7], and improve the
healing of the sinus wall, compared with that of
the Caldwell-Luc procedure. However, although
the use of piezosurgery for the lateral window
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approach may represent the best method for
removing dental implants displaced into the
maxillary sinus, its use is limited to patients
with an unobstructed ostium and sinusitis [31].

For patients with an ectopic implant just
beneath Schneiderian membrane and no sinus
pathology, dentists may choose to perform
sinus floor elevation and the removal of the dis-
placed implant simultaneously to minimize the
number of surgeries required. In addition, Sohn
et al.[32] have reported favorable outcomes for
patients who underwent displaced implant
removal, maxillary sinus elevation, and new
implant installation simultaneously [32].
However, if the Schneiderian membrane is per-
forated by the displaced implant or during sur-
gery, the resulting inflammation may cause the
failure of the bone graft. Although careful sutur-
ing and the use of absorbable membrane for
sealing the sinus membrane may improve clini-
cal outcomes, surgeons must strive to avoid
damaging the sinus lining further when remov-
ing ectopic intrasinal dental implants. Based on
our experience and the findings of our literature
review, we constructed the flow chart in Figure
10 to aid clinicians in developing treatment
plans for the removal of displaced dental
implants in the maxillary sinus.

Conclusions

Migration of dental implants into the maxillary
sinus has become more common with the
increasing widespread use of dental implants.
To remove ectopic implants from the maxillary
sinus, transnasal endoscopic approaches may
be suitable in cases in which the ectopic
implant is accessible. Transoral direct appro-
aches are adequate in most cases in which
endoscopic approaches may be confounded by
the location or size of the displaced implant.
Alternatively, the bony window technique for lat-
eral window access may be more suitable for
the removal of large implants. The surgical
removal of an ectopic intrasinal implant may be
performed in combination with maxillary sinus
elevation, and the simultaneous installation of
a new implant may also be possible in carefully
screened patients.
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