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ABSTRACT

Aim: This case series is aimed to report a new phenomenon, the “dome phenomenon,” which was observed in infected
augmented sinuses over several years.

Methods: Five patients are presented in whom sinus lift augmentation resulted in postoperative infection with inflamma-
tion and suppuration. The patients received aggressive anti-inflammatory treatment and surgical debridement of the
inflamed tissue, including some grafted material performed through the lateral window of the primary procedure.

Results: The inflammatory condition was reversed, and the site healed clinically. Radiographically, a dome-shaped, radio-
opaque tissue was observed at the superiormost aspect of the grafted sinus. This “dome phenomenon” was further
confirmed during dental implant placement, which indicates healing potential adjacent to the maxillary sinus membrane.

Conclusions: The current report, as well as other studies and case series, suggests that there is great potential for healing and
bone formation in the maxillary sinus membrane. The precise mechanism is not known. Further clinical and histologic
studies are needed to understand the regenerative potential of the Schneiderian membrane.
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INTRODUCTION

The residual alveolar ridge is often reduced following

tooth loss in the posterior maxilla, and placement of

dental implants in patients with pneumatized of atro-

phic maxilla could be difficult.1–9 The so-called lateral

wall “sinus lift” procedure with bone grafting was first

reported by Tatum in 19751 and published for the first

time by Boyne and James1,8 in 1980. This method for

attaining sufficient bone height for posterior maxillary

implant placement has proved highly successful and

predictable,2–5,10 with an implant survival rate of over

90% for 3 to 5 years.11–13

A low incidence of surgical and postsurgical

complications has been reported in this procedure.11

Perforation of the Schneiderian membrane is the most

common surgical complication,4,5,9,11–15 occurring in 7 to

35% of sinus floor elevation procedures.2,7,11,13 Accord-

ing to the literature, membrane perforations are associ-

ated with greater postoperative complications, such as

acute or chronic sinus infection, bacterial invasion,

swelling, bleeding, wound dehiscence, loss of the graft

material, and disruption of normal sinus physiologic

function.1,4–7,10–14 Most studies, however, failed to find an

association between membrane perforations or postop-

erative complications and implant survival.7,11,13,16

Postoperative complications, such as chronic sinus

infection, bacterial invasion, swelling, and suppuration,

are usually treated with antibiotics and lavage, when

appropriate. A reentry surgical debridement is per-

formed to resolve the infection. However, the fate of the

grafted site remains uncertain.

This case series reports a new phenomenon, the

“dome phenomenon,” which was observed in infected

augmented sinuses of five patients over several years.
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The patients had had reentry and surgical debridement.

During the “emergency” operation, a dome of dense,

solid material could be palped using a blunt instrument;

this solid material was also evident radiographically.

After soft tissue healing and resolution of the inflamma-

tion, implants could be installed without further aug-

mentation because of complete bone fill.

CASE REPORTS

Case 1

A 53-year-old woman was referred for left lateral wall

sinus augmentation with simultaneous implant place-

ment. The sinus was grafted by using autogenous bone

combined with b-tri-calcium-phosphate (Cerasorb®,

Curasan AG, Kleinostheim, Germany) and covered

with a collagen membrane (Bio-Guide®, Geistlich

Pharma AG, Wolhusen, Switzerland). Perforation of the

Schneiderian membrane was not observed. The patient

received antibiotics (Amoxicillin, Novopharm, Toronto,

Ontario, Canada; 1.5 g/day starting 1 day preoperation)

for 10 days and was instructed to gargle with 0.2%

chlorhexidine mouthwash. Surgery included simulta-

neus implant placement and was uneventful. However,

2 weeks postoperation, when the patient returned for

suture removal, suppuration was evident in the flap’s

marginal area, which included bone particles. The area

was thoroughly lavaged with saline, and the patient

received an additional antibiotic course of 1.5 g/day

Amoxicyline clavulanate (SmithKline Beecham, Brent-

ford, Middlesex, U.K.) and 1 g/day Metronidazole

(Haupt Pharma, Livron-Sur-Drôme, France). After 2

weeks, the pain had subsided, and clinical symptoms

improved. The patient was further monitored and

reported some discomfort and minor swelling. At 4

months postoperatively, the patient presented with

acute abscess at the surgical site. Panoramic radiograph

revealed a gap between the implant and the grafted

material in its mesial aspect (Figure 1). The area was

surgically exposed, and the implant was removed

together with the granulation and inflammatory tissue

around it. The superior border of the augmentation site

was intact with dense, solid tissue separating the surgi-

cal compartment from the maxillary sinus above it

(Figure 2). Postoperative panoramic radiograph showed

the radiopaque dome at the most superior aspect of the

augmented sinus (Figure 3). The area was left to heal for

Figure 1 Panoramic radiograph 4 months postoperation
revealed a gap between the implant and grafted material in its
mesial side.

Figure 2 After the area was surgically exposed and the implant
was removed, together with the granulation and inflammatory
tissue around it, the superior border of the augmentation site
was intact with solid, dense tissue separating the surgical
compartment from the maxillary sinus above it.

Figure 3 Postoperative panoramic radiograph showed the
radiopaque dome at the most posterior portion of the
augmented sinus.
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7 months, at which time new implants were inserted.

During implant surgery, the void that was present at the

time of debridement was now completely filled with

bone. Implants were later loaded and are still in func-

tion 5 years postoperatively (Figure 4).

Case 2

A 45-year-old man, and a heavy smoker, was scheduled

for left lateral wall sinus lift operation. A preoperative

computed tomography (CT) scan revealed a residual

ridge, 2 to 3 mm in height, in the upper left posterior

region and thickening of the Schneiderian membrane

(Figure 5). After a consultation with an otolaryngolo-

gist, Amoxicyline clavulanate (SmithKline Beecham),

875 mg (twice daily), was administered 2 days preopera-

tively continuing for 8 days postoperatively. The sinus

was grafted with autogenous bone combined with

bovine bone material (Bio-oss®, Geistlich Pharma AG,

Wolhusen, Switzerland) and b-tri-calcium-phosphate

and covered with a collagen membrane (Bio-Guide),

which was also inserted in the superior wall of the

grafted area (even though the Schneiderian membrane

was intact) (Figure 6). The operation and healing were

A

B

Figure 4 Two follow-up radiographs taken 6 months (A) and 5
years (B) following implant placement. Note that the left
maxillary premolars were extracted along the way.

Figure 5 Computed tomography scan taken before surgery
revealed a residual ridge of 2–3 mm in the upper left posterior
region and thickening of the Schneiderian membrane.

A

B

Figure 6 The sinus was grafted with autogenous bone
combined with bovine bone material and b-tri-calcium-
phosphate and covered with a collagen membrane inserted in
the superior wall of the grafted area (though the Schneiderian
membrane was intact).
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uneventful. However, at 9 months postoperatively, a CT

scan taken to guide implant placement showed a radi-

olucent area in the center of the grafted area with a

dome-shaped radiopacity at the most superior portion

of the grafted region (Figure 7). The area was surgically

exposed for implant placement, and a void was evident

in the lateral wall area. The superior border of the aug-

mentation site was intact with solid, dense tissue sepa-

rating the surgical compartment from the maxillary

sinus above it (Figure 8). Implants were inserted and the

gap was filled with additional bovine bone material

(Bio-Oss). The patient received antibiotics for a week

(Amoxicyline clavulanate, 875 mg twice daily) with no

further complications. Implants were loaded 6 months

after insertion and have been in function for 1 year

(Figure 9).

This phenomenon was seen following infected sinus

maxillary augmentations in another three patients

treated with the same protocol.

DISCUSSION

This study presents a phenomenon where, in spite of an

inflammatory complication that warranted further sur-

gical intervention, a dense, solid, hard tissue was main-

tained in the superiormost aspect of the grafted area.

This tissue might represent a solidification of the b-tri-

calcium-phosphate that was previously grafted in the

sinus17 together with initial bone formation originating

in the Schneiderian membrane. This dome provided a 3-

to 4-wall defect inside the maxillary sinus, which was

Figure 7 Computed tomography scan taken 9 months
postoperatively for guided implant placement. Note the
radiolucency in the area of the grafted maxillary sinus with a
dome-shaped radiopacity at the most superior portion of the
grafted region.

Figure 8 The void that was discovered in the lateral wall area
with the superior border of the augmentation site intact with
solid dense tissue separating the surgical compartment from the
maxillary sinus above it.

A

B

Figure 9 Clinical/radiographic view of the loaded implants 1
year post–implant placement.
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completely filled with bone and enabled the insertion of

dental implants without the need for additional sinus

augmentation.

Grafting of the maxillary sinus is a method used

to achieve sufficient bone height for posterior maxillary

implant placement and has proved highly success-

ful.1,4–6,7,9,13 Sinus floor augmentation procedures are rou-

tinely performed, although the function of the maxillary

sinus is not fully understood. Several of its functions

might be adding resonance to the voice and some degree

of olfactory function, warming and humidifying inspired

air and reducing the weight of the skull.4,5,7 Nevertheless,

there are no reports on functional or voice-related

impairments following sinus augmentation.

The long-term success rate of dental implants in

grafted sinuses is increased when grafting materials are

replaced or encompassed by newly formed bone, which

starts growing from local host bone into the augmented

area.18 Bone formation requires osteoblasts derived from

progenitor cells of the mesenchymal lineage.19–21 Mesen-

chymal progenitor cells originate from various sources,

for example, bone marrow, the cambium layer of peri-

osteum, and pericytes surrounding blood capillaries.19,22

The question of whether the sinus mucosa, which covers

approximately half of the augmentation material, con-

tains cells with an osteogenic potential remains a matter

of debate.22–24 Gruber and colleagues,24 in an in vitro

study, support the hypothesis that the sinus mucosa is a

potential source of cells that can differentiate toward the

osteogenic lineage. The presently described phenom-

enon also supports these findings.

Artzi and colleagues25–27 report the rate change of

grafted versus new bone along the depth of the aug-

mented site in sinus grafting procedures. The amount

of newly regenerated tissue is dependent not only on

time but also on augmentation location and depth.

The recipient osseous site and walls and the proximity

of the Schneiderian membrane, as vascular nourish-

ment sources, probably influence the amount of tissue

generation. In human histomorphometric analysis,

areas in proximity to the Schneiderian membrane

exhibited higher new bone formation than areas adja-

cent to the residual crest. Thus, the potential source for

the above-described dome is likely to be the Schneide-

rian membrane.

In 2003, Lundgren and colleagues28 reported spon-

taneous bone formation in the maxillary sinus after the

removal of a cyst without any bone graft, and, in 2004,

they described a new surgical technique for maxillary

sinus augmentation with only sinus membrane eleva-

tion and replacement of the bony window.29

Similarly, Jung and colleagues30 report a case of

spontaneous bone formation in the maxillary sinus

floor associated with the extraction socket of a maxillary

impacted tooth. At 5 months post extraction, the space

between the sinus floor and the socket was filled with

new bone. Later, implant placement was successfully

carried out in this site without any sinus augmentation.

It was concluded that the osteogenic activity of sinus

mucosa and the blood clot in the extraction socket

beneath the elevated sinus would have been important

factors in this spontaneous bone formation.30

It is noteworthy that there are alternative treatments

for cases of acute sinus infection. These include removal

of the infected or grafted materials as well as regrafting

the defects or placing a membrane over the window to

prevent soft tissue ingrowths. Further studies are war-

ranted in order to reveal the preferred way of treatment.

CONCLUSIONS

The current report, as well as other studies and case

series, suggests that there is great potential for healing

and bone formation in the maxillary sinus membrane.

The precise mechanism is not known. Further clinical

and histologic studies are needed to understand the

regenerative potential of the Schneiderian membrane.
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