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The maxillary sinus is a fundamental anatomical structure
which is often involved in many oral and maxillofacial surgi-
cal procedures in the posterior maxilla, and whose integrity
is important to preserve.

Infraction or invasion of maxillary sinus can occur dur-
ing augmentation procedures and implant placement, espe-
cially when residual ridge height is reduced due to the process
of bone loss after tooth extractions in the posterior maxilla.
The invasion of maxillary sinus can hypothetically be
considered a potential source of infection or irritation which
can lead to inflammation of sinus membrane.

Because of these aspects, the placement of dental
implants in the atrophic posterior maxilla is a challenging
procedure in the presence of reduced maxillary bone height.

Various techniques have been proposed in order to
obtain the adequate bone dimension for the insertion of
implants. However, due to the improvement of surgical
techniques and the progress of research in the field of bio-
materials, excellent outcomes have been reported in the last
years for implant-supported rehabilitations even in cases
with severe atrophy.

Several types of complications may occur during and
after the sinus elevation procedure with lateral approach.
In fact, relatively frequent Schneiderian membrane perfora-
tions, nose bleeding, postoperative pain, and swelling could
be considered as major drawbacks for this treatment alterna-
tive even though it was not described an important negative
effect on implant success rates.

In this special issue, several aspects about implant place-
ment in relation to interventions to augment posterior max-
illa bone volume were discussed, and the reader can found a
summary of the contents of the articles included.

The results of a clinical consensus of experts published
in this issue (periodontists, implantologist, maxillofacial sur-
geons, ENT, and microbiology specialists) on several clinical
questions and to give clinical recommendations on how to
prevent, diagnose, and treat postoperative infections, can be
useful for the clinician to make the right treatment choice
and give guidelines for handling the intra-operative and
post-operative complications. Moreover, the presented
guidelines showed that a multidisciplinary approach can help
in limiting the occurrence of complications and improving
patients’ quality of life.

S. A. Gehrke et al. showed a repair technique of a perfo-
rated sinus membrane with a subepithelial palatal conjunc-
tive flap. Authors concluded that the use of conjunctive tech-
nique with collected palate flap for sealing the perforation
of the membrane of the sinus may have predictable result.
It could be hypothesized that repairing the sinus injury
entrapping the bone graft in a safety and closed sinus cavity,
and achieving a contact between this package and the vascu-
larized sinus walls could be enough to favor angiogenesis and
contextually the developing of newly formed vital bone.

M. Beretta et al. highlight the correct steps for doing
sinus lift surgery in presence of anatomic variations such as
sinus septa. Radiographic identification of these structures is
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important in order to perform the right design of the lateral
window during sinus lift and to avoid complications related
to the sinus lift surgery. The correct steps in performing the
surgical procedures can be an important aid in the sinus
lifting procedure with lateral approach in presence of sinus
septa.

N. Cavalli et al. in this issue presented an alternative tech-
nique in case of severe atrophic posterior maxilla. Patients
received a maxillary full-arch fixed bridge supported by two
axial implants and two distal tilted implants, without a
sinus lift management. The overall follow-up range was 12
to 73 months (mean 38.8 months). The high cumulative
implant survival rate indicates that this technique could be
considered a viable treatment option. Authors underlined
the relevance of an effective recall program in order to early
intercept and correct prosthetic and biologic complications
in order to avoid implant and prosthetic failures. It should
be underlined that this procedure can be useful to avoid the
management of maxillary sinus in cases of the presence of
sinus pathology.

While autogenous bone has long been considered the
gold standard grafting material because of its osteoinductive
and osteoconductive properties, alternative materials have,
in general, no osteoinductive potential but are considered to
provide a scaffold for optimal bone growth. The efficacy of
the graft material in promoting graft maturation and pro-
viding optimal long-term support to endosseous implants is
one of the most critical factors for the success of the sinus
augmentation procedure.

A. Troedhan et al. investigated the key role of the sinus-
membrane in bone reformation in vivo. The results of this
study proved the key role of the sinus-membrane as the
main carrier of bone-reformation after sinuslift-procedures
as multiple experimental studies suggested. Thus the impor-
tance of minimal invasive and rupture free sinuslift proce-
dures is underlined and does not depend on the type of
grafting material used.

F. Riachi et al. investigated the influence of material
properties on rate of resorption of two bone graft materials
after sinus lift using radiographic assessment showing that
the chemical and physical properties of bone graft material
significantly influence resorption rate of bone graft materials
used for sinus augmentation.

The aim of the study presented by S. Taschieri et al. was to
systematically review the existing literature on transalveolar
maxillary sinus augmentation without grafting materials and
to propose and describe an osteotome-mediated approach in
postextraction sites in combination with platelet derivative.

While transcrestal approach is considered more conser-
vative than a lateral approach, the main drawback is that the
main part of the sinus lifting procedure must be performed
blindly because of the impossibility to visualize the sinus
floor. Considering this limitation, the systematic review
showed that high implant survival rate (more than 96%
after 5 years) can be achieved even without grafting the site,
with a low rate of complications. Available alveolar bone
height before surgery was not correlated to survival rate. The
osteotome-mediated sinus lifting technique was performed
with the use of platelet derivative (PRGF). The presented

technique might represent a viable alternative for the treat-
ment of edentulous atrophic posterior maxilla, more than
5 mm of residual bone height, of the alveolar bone though
it needs to be validated by studies with a large sample size.

In general, sinus lifting through a lateral approach is a
viable technique when less than 4-5 mm of residual bone
height is present. When more than 5 mm of residual bone
height is available a transalveolar approach, with or without
adding bone substitute, or the insertion of short implant
could be indicated as alternatives techniques in order to
reduce the morbidity and the invasiveness of the treatment
protocol. The choice of the most suitable technique among
the three ones above mentioned depends on the sinus phys-
iology, the patient’s desire to attempt a long and challenging
rehabilitation with respect to a shorter one and the patient’s
financial status.

The analysis of the data of the literature suggested that
short implants, osteotome-mediated sinus floor elevation
(with or without bone substitute) and lateral approach sinus
floor elevation had similar clinical outcomes and appeared
to be comparable. A wider literature was available for lateral
approach sinus floor elevation while short implants should
be supported by more well-designed studies with a detailed
description of implant demographics.
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Purpose. The aims of this study were to assess the treatment outcome of immediately loaded full-arch fixed bridges anchored
to both tilted and axially placed implants in the edentulous maxilla and to evaluate the incidence of biological and prosthetic
complications. Materials and Methods. Thirty-four patients (18 women and 16 men) were included in the study. Each patient
received a maxillary full-arch fixed bridge supported by two axial implants and two distal tilted implants. A total of 136
implants were inserted. Loading was applied within 48 hours of surgery and definitive restorations were placed 4 to 6 months
later. Patients were scheduled for followup at 6, 12, 18, and 24 months and annually up to 5 years. At each followup plaque
level and bleeding scores were assessed and every complication was recorded. Results. The overall follow-up range was 12 to
73 months (mean 38.8 months). No implant failures were recorded to date, leading to a cumulative implant survival rate of
100%. Biological complications were recorded such as alveolar mucositis (11.8% patients), peri-implantitis (5.9% patients), and
temporomandibular joint pain (5.9% patients). The most common prosthetic complications were the fracture or detachment of
one or multiple acrylic teeth in both the temporary (20.6% patients) and definitive (17.7% patients) prosthesis and the minor
acrylic fractures in the temporary (14.7% patients) and definitive (2.9% patients) prosthesis. Hygienic complications occurred
in 38.2% patients. No patients’ dissatisfactions were recorded. Conclusions. The high cumulative implant survival rate indicates
that this technique could be considered a viable treatment option. An effective recall program is important to early intercept and
correct prosthetic and biologic complications in order to avoid implant and prosthetic failures.

1. Introduction

Several long-term prospective and retrospective studies
reported high survival and success rates for implant-sup-
ported prosthesis for full-arch rehabilitations of atrophic
jaws [1–3]. The described full-arch rehabilitations were
supported by implants placed in the median region of jaws,
between the two mental foramina in the mandible and
between the mesial walls of maxillary sinus. They supported
a full prosthesis with distal cantilevers.

In the atrophic maxilla, even though sinus augmentation
procedures were described as effective in creating conditions
for implant placement [4, 5], the occurrence of several
complications was reported in the literature [6].

Tilted implants were suggested to be useful in the treat-
ment of edentulous jaws avoiding the bone augmentation
procedures and the involvement of anatomical structures
during surgery [7]. Furthermore, tilting of distal implants
in full-arch rehabilitation allows to reduce cantilever length
and to augment the anteroposterior distance between the
most anterior implant emergence and the most posterior
ones with several prosthetic advantages [8, 9].

The All-on-Four surgical and prosthetic procedure was
proposed to rehabilitate edentulous arches without any bone
augmentation procedures, using distal tilted implants to
obtain prosthetic and surgical advantages as described before
[10, 11]. Tilted implants should be placed mesially or in
direct contact with the mesial walls of the maxillary sinus,
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without invasion or rupture of the Schneiderian membrane
[12].

This procedure was validated by scientific literature in
terms of implant success of survival both in short and in
medium term, demonstrating that the use of tilted implants
was not related to an increased bone resorption [9, 11, 13,
14].

The aim of this retrospective study was to investigate and
present data about prosthetic and biological complications
occurred in patients treated with full-arch maxillary rehabil-
itations supported by a combination of tilted and upright
implants. Also implant survival rates were discussed and
retrieved from clinical databases.

2. Materials and Methods

The Inclusion Criteria were as follows.

(1) 18 years or older of any race and gender.

(2) Patients in general good health condition, able to
undergo surgical treatment and restorative proce-
dures (ASA-1/ASA-2).

(3) Completely edentulous maxilla or presence of teeth
with an unfavorable long-term prognosis.

(4) Adequate bone height and thickness in the region
between the first premolars for the placement of
implants at least 10 mm long and 4 mm wide.

(5) Presence of extremely resorbed maxilla that would
have needed bone augmentation for placing implants
in a region posterior to the first premolars.

(6) Patients who refused any kind of bone augmentation
procedure.

The Exclusion Criteria were as follows.

(1) Presence of acute infection at the implant site; hema-
tologic diseases; serious problems of coagulation;
diseases of the immune system; uncontrolled dia-
betes; metabolic diseases affecting bone; pregnancy
or lactation.

(2) Inadequate oral hygiene level (full-mouth plaque
score and full-mouth bleeding score greater than
20%) and poor motivation to maintain good oral
hygiene throughout the study.

(3) Irradiation of the head or neck region or chemo-
therapy within the past 60 months.

(4) Severe bruxism or clenching.

Participants were informed about the nature of the study
and signed an informed consent.

Preliminary screening was performed using a careful
clinical examination of the patient, panoramic orthopanto-
mographs, computerized tomographic scans, accurate blood
tests, electrocardiography, and cardiological examination. All
included patients were scheduled to be followed for up to 6
years after loading.

2.1. Surgical Protocol. Patients received the following presur-
gical prophylactic drug therapy:

(i) antibiotics, amoxicillin and clavulanic acid 2 g 1 hour
before surgery,

(ii) chlorhexidine digluconate 0.2% mouthwash starting
3 days before surgery.

All surgeries were performed under local anesthesia
with articaine chlorohydrate with adrenaline 1 : 100,000 and
intravenous sedation with diazepam.

A crestal incision was made starting in the first molar
position. All hopeless teeth, if present, were extracted
and sockets were carefully debrided. Where necessary, a
regularization of the edentulous bone ridge was performed
with rotating instruments and/or bone forceps. Each patient
received four implants (Brånemark System MKIV or Nobel-
Speedy Groovy, Nobel Biocare AB, Goteborg, Sweden)
according to a previously described protocol (All-on-Four,
Nobel Biocare AB, Göteborg, Sweden), with the the two distal
implants tilted by approximately 30 degrees with respect
to the occlusal plane and the two anterior implants axially
inserted. To allow an immediate rehabilitation, each implant
was inserted with a final torque of 40 to 50 Ncm. Multi-
Unit Abutments (MUA, Nobel Biocare AB) were connected
to the implants. On distal implants, abutments angulated
17 or 30 degrees with respect to the long axis of the fixture
were positioned to obtain an optimal orientation for the
prosthetic screw access, while straight abutments were placed
over the anterior implants. An impression was taken utilizing
a silicon putty polyvinlsiloxane directly on the coping. Then,
four healing caps were placed upon the multiunit abutments.

Patients were discharged with the following postsurgical
drug therapy:

(i) antibiotics, amoxicillin and clavulanic acid 1 g every
12 hours for six days after surgery;

(ii) analgesics, naproxen sodium 550 mg for the first
three days from surgery;

(iii) chlorhexidine digluconate 0.2% mouthwash for 7
days following surgery.

2.2. Prosthetic Phase. Within 48 h from surgery an acrylic
temporary prostheses with 10 teeth and no cantilever was
placed over the abutments. Screws were tightened over the
MUA with a torque of 10 Ncm, following the manufacturer’s
instructions (Figure 1). All centric and lateral contacts were
assessed by a 40 mm articulating paper and adjusted if
necessary until they were present only between 33 and 43,
according to the Maló protocol [10]. The screw access was
then covered with provisional resin cement. After 6 months
of loading, in the absence of pain and inflammatory signs,
the patients received the final prosthesis (Figure 2). The
defenitive prosthesis was composed by a titanium framework
fabricated by means of the CAD-CAM Procera system
(Nobel Biocare AB), acrylic pink resin, and composite resin
teeth (Figures 3, 4, and 5).
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Figure 1: Pretreatment orthopantomography.

Figure 2: One year posttreatment orthopantomography.

2.3. Followup and Data Collection. The patients were sched-
uled for weekly control visits during the first month after
surgery. During each visit, prosthetic functionality and tissue
healing were evaluated. Every 3 months, oral hygiene level
was evaluated. After defenitive prosthesis delivery patients
were scheduled for follow-up visit every 6 months for the first
two years and yearly thereafter up to 6 years.

At each follow-up visit, mobility of the prosthetic struc-
ture and occlusion was checked, any prosthetic or biological
complication was recorded, plaque level and bleeding score
was assessed, and periapical radiographs using a paralleling
technique and an individual X-ray holder were performed for
evaluation of peri-implant bone level change over time.

3. Results

From April 2007 to April 2011, a total of 34 healthy patients
(18 women and 16 men; mean age 58.7 years; range 44
to 84 years) were rehabilitated with an immediately loaded
implant-supported fixed maxillary prosthesis supported by
four implants. 19 patients were smokers (average daily con-
sumption: 16.3 cigarettes per day), with 8 of them smoking
20 cigarettes per day or more.

A total of 136 implants were inserted (implants’ length
ranges from 10 mm to 15 mm; mean lenght 12.2 mm), of
whom 68 with an axial inclination and 68 tilted by 30◦. All
implants had a diameter of 4 mm. All patients received the
provisional prosthesis as planned within 48 hours of surgery.

Figure 3: Frontal view of the definitive prosthesis.

Figure 4: Lateral view of the definitive prosthesis.

Figure 5: Occlusal view of the definitive prosthesis.

The follow-up range was from 12 to 73 months (mean 38.8
months).

Up to date no implant failures were recorded, so the
cumulative implant survival rate was 100% (Table 1).

Complication incidence over time was showed in Table 2
and in Figure 6.

Biological complications were documented consisting in
alveolar mucositis in 4 patients (11.76% patients), peri-
implantitis in 2 patients (5.88% patients), and temporo-
mandibular joint (TMJ) pain in 2 patients (5.88% patients).
Both TMJ pain cases were solved after the adjustment of
centric and lateral contacts.

The most common prosthetic complication was the
fracture or detachment of one or more resin teeth that
occurred in 10 patients (29.41% patients). In 7 patients it
took place in the temporary prosthesis (20.59% patients)
while in 6 patients in the definitive one (17.65% patients),
in 3 of them happened in both. Minor acrylic resin fractures
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Hygienic problems

Alveolar mucositis

Peri-implantitis

TMJ pain

Detachment/fracture of tooth/teeth temporary prosthesis

Detachment/fracture of tooth/teeth definitive prosthesis

Acrylic fracture temporary prosthesis

Acrylic fracture definitive prosthesis

Screw loosening
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Figure 6: Graphical representation of the patient-related complication incidence.

Table 1: Cumulative survival rate.

Interval Number of implants Failed CSR%

0–6 mo 136 0 100

6–12 mo 136 0 100

12–18 mo 132 0 100

18–24 mo 108 0 100

24–36 mo 108 0 100

36–48 mo 80 0 100

48–60 mo 36 0 100

60–72 mo 16 0 100

Table 2: Complication incidence over time.

Hygienic problems 38,24%

Al. mucositis 11,76%

Peri-implantitis 5,88%

TMJ pain 5,88%

Detachment/fracture of tooth/teeth in temporary
prosthesis

20,59%

Detachment/fracture of tooth/teeth in definitive
prosthesis

17,65%

Acrylic fracture in temporary prosthesis 14,71%

Acrylic fracture in definitive prosthesis 2,94%

Screw loosening 2,94%

of the temporary prosthesis occurred in 5 patients (14.72%
patients) and in 1 of them also in the definitive prosthesis
(2.94% patients).

Prosthetic screw loosening was recorded in one patient
(2.94% patients). Twenty-one patients had no prosthetic
complications (61.7% patients).

Hygienic problems were recorded in 13 patients (38.24%
patients), but in most cases the patient was motivated to
a better oral hygiene and the problem was solved without
developing in alveolar mucositis or peri-implantitis. No
patients’ dissatisfaction was recorded.

4. Discussion

In this study medium-term data about implant and pros-
thetic complications were reported from a cohort of patients
treated following the All-on-Four protocol. All implants were
functioning determining the 100% cumulative survival rate.
However, some prosthetic or hygienic complication occurred
in a relatively high number of patients (almost 30%).

In clinical records the most reported parameter to evalu-
ate the effectiveness of an implant-supported rehabilitation
is the survival rate, meaning whether the implant is still
physically in the mouth or has been removed.

The commonly accepted criteria for the assessment of
implant success were proposed by Albrektsson et al. [15].

Misch et al. in a consensus conference in 2007 [16] assess-
ed as success parameters no pain in function, absence of
observed clinical mobility, radiographic bone loss from sur-
gery lower than 2 mm, and no exudates history.

In the present study the patient-related implant survival
rated is 100%, while the patient-related implant success rate
results were 94.22% because implants with peri-implantitis
cannot be considered successful.

However those parameters seem no longer sufficient to
assess the clinical efficiency of current implant prosthetic
methodologies [17].

A number of studies reported implant survival rates for
this type of rehabilitation in edentulous maxillas.

Recently some authors reported 98.96% of implant
survival rate after 3 years from loading for 24 maxillary
rehabilitations without any prosthetic complete failure [18].



International Journal of Dentistry 5

Other authors reported good performances of this tech-
nique, in terms of implant survival rate and function in a
large cohort of 276 patients, evaluated after 16 months from
prosthesis placement [19].

A retrospective investigation performed by Babbush and
coworkers described a 99.3% of implant survival rate for
edentulous maxillas rehabilitated through the All-on-Four
technique for up to 29 months of loading [14]. Also in this
study the final prosthesis survival rate was 100%.

Another retrospective study, published by Malo et al.
in 2011, reported data about 242 patients treated with a
combination of two tilted and two upright implants [11].
Nineteen implants were lost in 17 patients, with a 5-year
survival rate estimation of 93% and 98% at patient and
implant level, respectively. Prosthesis survival rate was 100%.

Even though scientific literature reported, high survival
rates for implants and prosthesis used in this type of rehabil-
itation, there is a lack of description of minor prosthetic and
implant complications that may occur.

A recent review of the literature about rehabilitation
of atrophic maxilla with tilted implants reported implant
success rates varying from 91.3% to 100% for 666 axial
implants and 92.1% to 100% for 782 tilted ones evaluating
319 patients [20]. Only few minor prosthetic complications
were reported but there is a lack of description of such
occurrence.

Fischer and Stenber reported a description of long-term
complication for full-arch maxillary prosthesis supported
by upright implants [21, 22]. No abutment or screw
fractures were reported. Up to 82% of prosthesis experienced
complications in the 10-year follow-up period, and the most
common complication was tooth fracture (4.7 resin-related
complications per prosthesis). Only 4% of metal frameworks
fractured and 9% were remade after 10 years.

Other report on a large cohort of patients with mandibu-
lar rehabilitations reported that resin or veneer fractures were
the most frequent complication after 15-year followup [23].
The same results were reported for maxillary restorations
[24].

Considering prosthetic complications, other authors
reported that the most common complications were pros-
thetic tooth fracture, tooth wear, maxillary hard relines, and
screw complications in cases of mandibular restorations [25].

Also in the present study the most common prosthetic
complication was the detachment of teeth, especially in the
provisional restoration. In final restorations some resin-
related complications were reported too. Such occurrences
were easily solved within one week and did not cause major
complications at implant level.

Hygienic complications were considered in the present
study, because an early diagnosis of a problem in maintaining
dental implant soft tissue health is necessary to reduce the
prevalence of peri-implant diseases [26].

It has to be considered that the prevalence of peri-
implant inflammatory disease has described to have a preva-
lence ranging from 50% to 90% of implants considering peri-
implant mucositis (8–10 years) and from 12% to 43% of
implants considering peri-implantitis (9–11 years) [27], and

so, a strict control of hygienic problems is mandatory in the
long-term maintenance.

Another observation deriving from the results of the
present report is that despite the relatively high rate of minor
prosthetic or hygienic complication, all implants survived
and no failures were reported. This confirmed that an effec-
tive recall program is important to individuate complications
in the beginning avoiding the evolution of these in major
complication that may lead to implant failure.

In conclusion, the present study showed that the use of
angled implants to rehabilitate atrophic maxillas could be a
viable alternative to bone augmentation procedures in the
posterior area and allowed a good functional and aesthetic
patients’ satisfaction.

Prosthetic and biologic complication should be early
intercepted and corrected to avoid implant and prosthetic
failures.
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Introduction. Maxillary sinus surgery is a reliable and predictable treatment option for the prosthetic rehabilitation of the atrophic
maxilla. Nevertheless, these interventions are not riskless of postoperative complications with respect to implant positioning in
pristine bone. Aim. The aim of this paper is to report the results of a clinical consensus of experts (periodontists, implantologists,
maxillofacial surgeons, ENT, and microbiology specialists) on several clinical questions and to give clinical recommendations
on how to prevent, diagnose, and treat postoperative infections. Materials and Methods. A panel of experts in different fields
of dentistry and medicine, after having reviewed the available literature on the topic and taking into account their long-
standing clinical experience, gave their response to a series of clinical questions and reached a consensus. Results and Conclusion.
The incidence of postop infections is relatively low (2%–5.6%). A multidisciplinary approach is advisable. A list of clinical
recommendation are given.
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1. Introduction

Maxillary sinus surgery can be defined as a routine and pre-
dictable procedure for the prosthetic rehabilitation in the
atrophic maxilla [1–7].

In the past, implant treatment was applied to total
edentulous patients [8, 9] and was later extended to partially
edentulous patients; however, the resorption of the alveolar
ridges in the maxilla often limits the available bone for posi-
tioning dental implants unless a reconstructive phase was
performed and different classifications of bone atrophy and
relative treatments protocols were proposed [10–12].

Management of patients undergoing sinus lift procedure
often requires an interdisciplinary approach involving vari-
ous specialists in the presurgical phase to optimize surgical
results and reduce complications [13–15].

There are anatomic alterations and pathological condi-
tions such as inflammatory-infective processes or sinus man-
ifestations of systemic or cancer related diseases that repre-
sent contraindications and should be treated prior to maxil-
lary sinus elevation [16, 17].

Complications are infrequent and can be easier managed
if promptly diagnosed.

Postoperative infections are relatively infrequent, with
infection rates reported between 2% and 5.6%, with no dis-
tinction being made between true sinus and sinus graft
infections.

Infections after sinus elevation surgery can occur in two
locations. Most commonly the infection is not a true sinus
infection but an infected sinus graft. It should be realized that
the sinus graft is not actually in the sinus but is located below
the elevated sinus membrane, hence the term subantral
augmentation. True sinus infections are less common but
may have more widespread consequences such as a pan-
sinusitis which can occur as a result of the interconnectivity
of the sinus network [18–22].

The aim of this paper is to report the results of a
clinical consensus of experts (periodontists, implantologist,
maxillofacial surgeons, ENT, and microbiology specialists)
on several clinical questions and to give clinical recommen-
dations on how to prevent, diagnose and treat postoperative
infections.

The clinical questions addressed by the panel of experts
are as follows.

(1) What is the normal postoperative patient response to
sinus surgery?

(2) What is the correct preop and postop pharmacologi-
cal treatment after sinus surgery?

(3) In case of persistence of signs and symptoms beyond
3 weeks, what are the proper clinical recommenda-
tions?

(4) What is the difference between early and delayed
complication?

(5) (a) Which postop infections can be managed only
with pharmacological treatment? (b) Which postop
infections require a combined pharmacological and
surgical approach?

(6) What are the clinical indications for a microbiologic
assay?

(7) In case of surgical management of postoperative
infections, is a reentry possible and how long should
the surgeon wait?

(8) What are the most appropriate clinical recommen-
dations to reduce the incidence of postop complica-
tions?

2. Materials and Methods

A panel of experts in different fields of dentistry and medi-
cine like periodontists, implantologists, maxillofacial sur-
geons, ENT, and microbiology specialists after having re-
viewed the available literature on the topic and taking into
account their long standing clinical experience gave their
response to the above mentioned questions and reached a
clinical consensus.

3. Results

(1) What Is the Normal Postoperative Patient Response to Sinus
Surgery? A normal postoperative patient’s response could be
swelling, ecchymosis, and mild-to-moderate discomfort that
is rarely spontaneous within the first few days and usually
resolves within three weeks. Minor nose bleed might be
present.

The resolution of symptoms after three weeks suggest
a normal postop period. Usually acute spontaneous pain is
absent; however, if present it is a warning sign for the clini-
cian to investigate promptly.

(2) What Is the Correct Preop and Postop Pharmacological
Treatment after Sinus Surgery? Usually sinus surgery is a sur-
gical procedure carried out under antibiotic prophylaxis
and postoperative drug therapy as seen in Table 1. This
pharmacological regimen is based on clinical experience and
indirect evidence. In implant dentistry, there is a trend that
favor the use of prophylactic antibiotics to reduce infections
[23, 24].

With regard to preop or postoperative corticosteroid
therapy, a common consensus was reached regarding the use
of corticosteroid but not on the dosage due to the hetero-
geneity of the pharmacological regimens utilized by the dif-
ferent experts.

(3) In Case of Persistence of Signs and Symptoms beyond 3
Weeks, What Are the Proper Clinical Recommendations? The
presence of signs and symptoms beyond three weeks calls for
a careful examination and monitoring of the patient until
total recovery.

If the patient has not fully recovered after 3 weeks, CT
is suggested to evaluate maxillary sinuses, nasal, and sinus
endoscopy can be added if necessary.

(4) What Is the Difference between Early and Delayed Com-
plication? Early complication happens within 21 days fol-
lowing surgery.
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Table 1: Prophylaxis and post-operative drug therapy in sinus lift patient.

Prophylaxis Post-operative therapy

Patient not allergic to penicillin
Amoxicillin/clavulanic acid 1 gr twice a day (BID)
per os starting 24 hours before surgery

Amoxicillin/clavulanic acid 1 gr three times a day
(TID) per os for 7 days

Patient allergic to penicillin Clarithromicin 250 mg BID + Metronidazole 500
TID per os starting 24 hours before surgery

Clarithromicin 250 mg BID + Metronidazole 500
TID per os for 7 days

Table 2: Drug therapy for sinus lift complications.

Patient not allergic to penicillin
Amoxicillin/clavulanic acid 1 gr
TID and Metronidazole 500 mg

TID per os

Patient allergic to penicillin
Levofloxacin 400 mg BID per os

until 72 hours to symptom
remission

Usually these regimens are utilized for 7–10 days

Delayed complication sets in more than 21 days after the
surgery.

A clear distinction between early and delayed complica-
tions allows a time-related assessment of the complication.
This classification is useful in communicating among clini-
cians and writing scientific papers.

(5a) Which Postop Infection Can Be Managed Only with Phar-
macological Treatment? Graft infection well contained under
the sinus membrane, as seen in the scan, with only a clean
serum exudate from the surgical incision can be managed
only with pharmacological treatment (Table 2).

A strict monitoring of the patient is needed until
resolution of the complication.

(5b) Which Postop Infection Require a Combined Pharmaco-
logical and Surgical Approach? If the graft is well contained
under the schneiderian membrane (as seen in the CT
scans) but signs and symptoms still persist beyond 3 weeks
associated with additional symptoms (like tenderness, nasal
obstruction, pain, fistulization, purulent discharge from the
nose and throat, flap dehiscence, and suppuration), partial
or total removal of the bone graft by oral access combined to
pharmacological therapy is recommended.

If the graft is not contained under the sinus membrane
and a loss of graft material inside the sinus is present (as seen
in the CT scans) a multidisciplinary approach to manage
the complication is mandatory. Functional endoscopic sinus
surgery (FESS) could be suggested along with the removal of
bone graft and dental implants from an oral approach [25].

A quick and multidisciplinary approach to the patient
with sinus complications is required in these clinical scenar-
ios.

(6) What Are the Clinical Indications for a Microbiologic Assay?
Microbiologic assay is always suggested but a negative result
(bacteria absence) does not mean absence of infection. Usu-
ally during antibiotic therapy, bacterial cultures are negative.

If possible it is recommended to make a second test some
days after the end of the pharmacological therapy.

The indications to request a microbiologic assay have to
be evaluated in relation to the antibiotic response in term of
days versus recovery speed, seriousness of the complication,
and general patient condition. A close patient monitoring is
always advised.

(7) In Case of Surgical Management of a Postoperative Infec-
tion, Is a Reentry Possible and How Long Should the Surgeon
Wait? A sinus reentry is possible after a CT evaluation and
preferably an ENT reevaluation to confirm a complete sinus
healing (which on the average requires 6–9 months).

(8) What Are the Most Appropriate Clinical Recommendations
to Reduce the Incidence of Postop Complications? The clinical
recommendation are as follows:

(i) careful assessment of the medical history of the pa-
tient,

(ii) proper patient selection with healthy maxillary sinus,

(iii) to take a pre-operative CT scan to evaluate sinus ana-
tomy and identify preexisting pathology,

(iv) a smoking cessation protocol is always recommended
and, especially in case of heavy smokers (≥15 cig-
arettes a day), evaluated with caution [26],

(v) preventive resolution of periodontal and endodontic
diseases,

(vi) adequate antibiotic prophylaxis,

(vii) to achieve full mouth plaque score (FMPS) and full
mouth bleeding score (FMB5) <15%. In case of pro-
visional crowns it is advisable to remove the tempo-
rary crowns and disinfect the abutments with anti-
septic solution,

(viii) preop disinfection of the skin with an antiseptic sol-
ution and mouth rinses with chlorhexidine,

(ix) use of sterile draping and infection-control protocol,

(x) to keep the incision distant from the antrostomy,

(xi) salivary-contamination prevention for bone graft
and/or other biomaterials,

(xii) intra- and postoperative control of the hemostasis,

(xiii) prevention of bone overheating,

(xiv) use of two different surgical sets of instruments: one
for the flap elevation phase and the other for the
grafting phase,
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(xv) to rinse the surgical field with sterile saline solution,

(xvi) to keep the surgical time as short as possible,

(xvii) postoperative chlorhexidine rinses,

(xviii) correct postoperative pharmacological therapy,

(xix) preplanned patient controls: weekly for the first
month and monthly for the following 3 months.

4. Conclusion

The maxillary sinus elevation procedure using a lateral
window approach has been shown to be the most successful
bone augmentation procedure that is performed as a pre-
prosthetic procedure before implant placement [5]. When
success is measured by patient outcome (success of the graft-
ing procedure), the excellent result rate achieved is due to
the fact that complications are minimal and possibly further
on prevented through proper case selection, good surgical
technique, and proper and prompt handling of intraoper-
ative and postoperative complications. Properly performed
sinus grafting does not alter neither sinus function [13] nor
the characteristics of the voice [25]. When measured by
implant outcome (implant survival rate), it has been shown
that implant survival rates in the high 90th percentile can
be achieved through proper decision making with regard to
implant surfaces (textured), graft materials (highest survival
with xenografts), and the placement of a barrier membrane
over the window. Complications are infrequent and those
that occur after sinus grafting procedures are for the most
part localized and readily resolved. Since prevention is better
than treatment, the clinical recommendations given by the
panel will help in reducing the incidence of the postop
infections.
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Purpose. The aim of this study was to investigate the influence of chemical and physical properties of two graft materials on the rate
of resorption. Materials and Methods. Direct sinus graft procedure was performed on 22 patients intended for implant placement.
Two types of graft materials were used (Bio-Oss and Cerabone) and after 8 months healing time the implants were inserted.
Radiographic assessment was performed over the period of four years. Particle size, rate of calcium release, and size and type of
crystal structure of each graft were evaluated. Results. The average particle size of Bio-Oss (1 mm) was much smaller compared to
Cerabone (2.7 mm). The amount of calcium release due to dissolution of material in water was much higher for Bio-oss compared
to Cerabone. X-ray image analysis revealed that Bio-Oss demonstrated significantly higher volumetric loss (33.4± 3.1%) of initial
graft size compared to Cerabone (23.4± 3.6%). The greatest amount of vertical loss of graft material volume was observed after
one year of surgery. Conclusion. The chemical and physical properties of bone graft material significantly influence resorption rate
of bone graft materials used for sinus augmentation.

1. Introduction

Maxillary sinus augmentation and placement of dental
implants is a well-established technique for functional and
esthetic rehabilitation of partially or completely edentulous
patients with severe maxillary atrophy. Sinus pneumatiza-
tion, together with poor bone quality, is one of the most
challenging circumstances in implantology, a condition that
will restrict implant placement in such areas. When this
situation occurs, bone grafts can be used to correct bone
deficits, allowing the placement of implants of adequate
length and width [1]. The first report about maxillary sinus
floor augmentation for placement of implants was published
by Boyne and James [2], while Tatum [3] first described two
techniques with a sinus approach from the alveolar crest and
lateral wall in maxillary and sinus implant reconstruction.

There are diverse choices of graft materials available
for replacing lost bone through atrophy, trauma, congenital
or pathological processes. These graft materials include:
intra or extraoral autologous bone, heterologous grafts,
alloplastic grafts, xenografts or a combination of these [4].
In general, the success of a bone graft is measured in
terms of its capacity to withstand the conditions of tension
and mechanical deformation to which it is subjected. The
interactions between graft material and healing processes at
the host site have a direct influence on the pattern, rate, and
quality of new bone formation. Successful grafts are those
that undergo revascularization and substitution of the graft
material by host bone, without suffering a significant loss of
mechanical strength or graft volume [5, 6].

Clinical and histomorphometric studies done on
autografts, bovine hydroxyapatite (Bio-Oss, Geistlich),
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a xenograft and β-tricalciumphosphate (Cerasorb, Curasan),
an alloplast, prove that all these grafting materials are bio-
compatible, osseoconductive and can be used successfully in
conjunction during implant rehabilitation [7, 8]. However,
rate of resorption of these materials is dependent on their
chemical and physical properties. Frenken et al. [9] eval-
uated the quantity and quality of bone formed in sinus
augmentations using a synthetic material: biphasic calcium
phosphate consisting of a combination of 60% hydroxyapa-
tite and 40% β-tricalcium phosphate. Histological findings
reported differences in the amount of newly formed bone
used with each material.

The aim of this study was to evaluate the influence of
chemical and physical properties of two types of bone graft
materials on the rate of resorption after placement in sinus
lift procedure over a period of four years.

2. Materials and Methods

This study was conducted in coherence with the Helsinki
agreement for research on humans and the study design was
approved by the Institutional Review Board and Independent
Ethics Committee of the Faculty of Dental Medicine, Saint
Joseph University, Beirut, Lebanon. Signed informed consent
forms were obtained for all participants in the study.

Two xenograft materials prepared by deproteinizing tech-
nique (Bio-Oss, Geistlich Sons Ltd., Wolhusen, Switzerland)
or high temperature decalcified freeze-dried (Cerabone,
Botiss Dental, Berlin, Germany) were selected for this
study.

2.1. Characterization of the Graft Materials. The particle size
of each graft material was calculated using particle size
analyzer (Partica LA-950V2, Horiba Scientific, Kyoto, Japan),
and average particle size and distribution were calculated
from 5 different batches for each material.

Crystal structure and size of crystals were calculated
using X-ray diffraction (XRD) technique. 5 gram of each
material was finely ground, dried, and homogenously dis-
persed on the measuring table of the machine (Bruker
AXS, D8 Advance, Bruker AXS GmbH, Karlsruhe, Germany,
10◦/min, 2θ from 5◦ to 60◦). The phase composition
was checked using Joint Committee on Powder Diffraction
standards. Crystallite size analysis was calculated using the
peak broadening of XRD reflection that is used to estimate
the crystallite size (in a direction perpendicular to the
crystallographic plane) using the following formula:

Xs =
0.9λ

(FWHM× cos θ)
, (1)

where Xs is the crystallite size in nanometer, λ is the
wavelength of X-ray beam in nanometer (λ = 0.15406 nm
for standard detectors), and FWHM is the full width at half
maximum for the diffraction angle (2θ = 25.9◦ peak was
selected related to (002) Miller’s plane family).

Solubility of graft material in demineralized water
was evaluated using atomic absorption spectrophotometer

(a)

(b)

(c)

Figure 1: Site before exposure (a), direct exposure of lateral sinus
wall (b), and filling of sinus with the selected grafting material (c).

(WFX-210, RayLeigh, BRAIC, China). Calcium and phos-
phorous detectors were calibrated in standard solution before
each reading. 0.25 gram of each material was immersed in
100 mL of double purified water and the amount of calcium
dissolution was measured every week for a period of six
months.

Patients received detailed explanations of the difficulties
and complications that could take place during the surgery
and all patients agreed before the surgery. All of the 22 con-
senting patients were examined and medically compromised
and uncooperative cases were excluded from the study.

2.2. Sinus Lift Technique. Local anesthesia was administered
(2% lidocaine containing 1 : 100,000 epinephrine) and a
horizontal incision was made along on the crestal bone
in the edentulous area and then vertical incisions were
made to elevate the mucoperiosteal flap. After elevation of
a full-thickness mucoperiosteal flap, access was gained to
the anterior bony wall of the sinus. The lateral bony wall
of the sinus was cut by using a small diamond bur. All the
cortical bone was removed up to the sinus membrane. After
elevation of the membrane, the sinus cavity was then packed
with either of the selected materials Figures 1(a), 1(b), and
1(c). An absorbable collagen membrane (Bio-Gide, Geistlich



International Journal of Dentistry 3

Pharma AG, Wolhusen, Switzerland) was then placed on
the graft to avoid migration of the graft and invasion
of soft tissues. After the surgery, patients were prescribed
625 mg of antibiotic (Augmentin, GlaxoSmithKline, United
Kingdom) twice a day for a week and advised to rinse
their mouths daily with Chlorhexidine Gluconate Oral Rinse
0.12% (PerioGard, Colgate-Palmolive, United Kingdom)
during healing period. The patients were examined 1 week
after surgery when the sutures were removed. All patients
were checked regularly to verify healing. After a healing
period of 8 months, all implants (NobelReplace, Nobel
Biocare, Kloten, Switzerland) were placed by one expert oral
surgeon. The choice of the implant length was based on the
postpanoramic X-rays after the sinus lift surgery.

2.3. Measurement of Graft Height. Height of graft material
was measured at the following intervals:

(i) 1st measurement: right after the implantation (base-
line),

(ii) 2nd measurement: after 8 month at time of implant
placement,

(iii) 3rd measurement: one year after implant placement,

(iv) 4th measurement: four years after implant place-
ment.

The implant length, alveolar crest, the original base line
of the sinus floor, and the final graft height were traced
by superimposition of the panoramic images. Two fixed
measurement points were evaluated using image analysis
software (Cell A, Olympus, Germany) to the accuracy of
1 um. [10]. Implant length was used to correct for any
magnification errors.

2.4. Statistical Analysis. Data were analyzed using computer
statistical program software (SPSS 18.0, SPSS Inc, Chicago,
Il, USA) to evaluate the resorption rate of graft material with
time and the differences between graft materials (means and
standard deviations). Changes in graft volume at different
time intervals were analyzed using Student’s t-test (α =

0.05).

3. Results

The average particle size of Bio-Oss (1 mm) was much
smaller compared to Cerabone (2.7 mm), Figures 2(a) and
2(b). X-ray diffraction analysis revealed typical structure
of hydroxylapatite for both materials. The crystallite size
was smaller for Bio-Oss (41.7 nm at 25.86 diffraction angle)
compared to Cerabone (53.2 nm at 25.95 diffraction angle),
Figure 3.

The amount of calcium release due to dissolution of the
material in water was much higher for Bio-Oss compared to
Cerabone. This observation was marked in the first 6 weeks
after which dissolution rate of calcium ions reaches a fixed
rate for both materials, Figure 4.

Four implants failed after 6 months from insertion time
due to lack of adequate initial stability, these cases were

0

5

10

15

20

23 100

80

60

40

20

0

0.01 0.1 1 10 100 3000

U
n

d
er

 s
iz

e 
(%

)

Diameter (µm)

Graph type
Data name Transmitta

100 (%)20120417Bio a

q
(%

)

(a)

0

5

10

15

20

23
q

 (
%

)
100

80

60

40

20

0

U
n

d
er

 s
iz

e 
(%

)

0.01 0.1 1 10 100 3000

Diameter (µm)

Data name

20120417cerabone b .004g

Graph type

(b)

Figure 2: (a) Average particle size and distribution of Bio-Oss, (b)
average particle size and distribution of Cerabone.

replaced with new cases. All patients demonstrated adequate
healing after grafting surgery without complications. X-
ray image analysis revealed that Bio-Oss demonstrated
significantly higher (t = 7.25, P < 0.001) volumetric loss
(33.4 ± 3.1%, volumetric loss of total graft height after 4
years) compared to Cerabone (23.4 ± 3.6%). The greatest
amount of vertical loss of graft volume was observed after
one year of graft surgery (55–65% of total bone loss), which
decreased almost to 10–12% per year later on for both
materials (P < 0.06), Figures 5 and 6. After four years from
implant placement, it was observed that the height of Bio-
Oss bone graft was located at level of implant apex while this
finding was not reported for Cerabone.



4 International Journal of Dentistry

Figure 3: XRD analysis of Bio-Oss (red) and Cerabone (green) in
relation to natural hydroxylapatite (black).
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4. Discussion

Numerous allogenic or alloplastic materials have been used
alone or in combination with autogenous bone for sinus
augmentation. Many researchers showed that these materials
could be as effective as autologous bone [11–19]. Histologic
evidence generated by studies of mature grafts and the
excellent survival rates of implants inserted in them have led
to the realization that these nonautogenous graft materials
may be considered an excellent option [9, 13, 15, 20–23].

Moy et al. [24] reported 59.4 ± 18.0% new bone
formation and 40.5 ± 17.9% connective tissue in the histo-
morphometric analysis of sinus augmented with chin bone
after six-month healing time, The quality of newly formed
bone was superior when compared to bovine hydroxyapatite
and β-tricalciumphosphate, as it was composed of about
80% lamellar mature in nature. Another histomorphometric
study [25] using Bio-Oss showed 28% mature bone, 44%
connective tissue, and 28% bovine hydroxyapatite (BHA)

(a)

(b)

(c)

Figure 5: Panoramic X-ray with fixed measuring points at base line
(a), after grafting procedure using Bio-Oss after 8-month healing
time (b), and after four years of implant placement (c).

particles in a period of 6 months from 20 sinus lifts done in
15 patients.

A ten-year follow-up study [26] from 36 sinus grafts
reported 29.8 ± 2.5% new bone formation in the first 8
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(a)

(b)

(c)

Figure 6: Panoramic X-ray with fixed measuring points at base line
(a), after grafting procedure using Cerabone (b), and four years of
implant placement (c).

months, 69.7 ± 2.6% in the next one year, and by the end
of the study it was 86.7 ± 2.84%. The study proved that the
rate of resorption of the graft material, BHA, was 3.55% per
month in the initial 2 years and then the value reached a
mean value of 0.58% per month in the next 8 years that is
close to the findings of the present study. A total volume loss
after 4 years was 34% for Bio-Oss and 22% for Cerabone
accounting for an average monthly volume loss of 0.69% for
Bio-Oss and 0.5% per month for Cerabone.

Although BHA is considered to be a resorbable material,
it is not clear from the literature if the graft particles will

undergo resorption and will eventually be replaced with
autogenous bone. Moreover the bone found in conjunction
with the BHA particles was mainly woven [27]. Based
on the data observed in the present study, Bio-Oss has
smaller particle size (1 mm average particle size compared
to 2.7 mm for Cerabone) resulting in significantly higher
surface area, higher calcium release rate (9.8 mg/g), and
smaller crystallite size (41.7 nm at 25.86 diffraction angle)
compared to 53.2 nm at 25.95 diffraction angle for Cerabone.
These minor differences were associated with significantly
higher resorption rate of the initial graft volume observed for
Bio-Oss material.

Studies [28, 29] using β-tricalciumphosphate (β-TCP) in
sinus augmentation show around 29% new bone formation
after 6 months healing time. When an osseoinductive factor
like platelet rich plasma (PRP) was mixed with β-TCP,
the osseous regenerating capacity was increased to 38%.
Nevertheless, a resorption rate of 32–43% was reported; type
and quality of crystal content of graft material is a dominant
factor-controlling rate of resorption.

A very recent study [30] performed an ultrastructural
study on bone-to-biomaterial interface and biomaterial
mineral degradation in retrieved bone biopsies follow-
ing maxillary sinus augmentation using bovine xenografts
(Endobon). Scanning electron microscopy revealed that
newly formed bone was closely attached to the xenograft.
Elemental analysis showed a significantly high Ca/P ratio in
the residual biomaterials (3.031± 0.104) compared with the
interface (2.908±0.115) and new bone (2.889±0.113), which
suggests that there may be a gradual diffusion of Ca ions from
the biomaterial into the newly forming bone at the interface
as part of the biomaterial’s resorption process. These findings
are in direct agreement with the calcium release rate observed
in the present study. Under the influence of body fluids
and with consideration to flaw dynamics of blood, a higher
calcium release rate is expected inside the sinus due to
washing-off effect of the released ions, Figure 4.

Jensen et al. [31] reported that the types of graft materials
influence the resorption rate of bone which was 1.8 mm in
an autograft, 2.1 mm in a demineralized allograft, 0.9 mm
in an alloplast, and 0.8 mm in an autograft mixed with
alloplast. Histologic reviews of sinus lift procedures [32] with
different types of graft material reported height reduction
with all graft materials. Furthermore, in 90% of cases, the
graft materials were positioned superior to the apex of the
implant, which is in agreement with the findings of this
study. The cases grafted with Bio-Oss ended with graft
resorption ending at apex of integrated implants after four-
year service time, meanwhile at least 3 mm of new bone
remained on top of implants inserted in Cerabone graft.
Hatano et al. [10] reported that graft materials were reduced
with a statistically significant amount during 2 to 3 years
after a sinus lift, while other study [33] observed that the
force loading on dental implants caused graft height to be
sustained at a consistent level.

These results should be interpreted cautiously consider-
ing the study’s reduced sample size. Further in vitro and in
vivo studies should be conducted to validate the results of
the present study.
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5. Conclusions

Within limitations of this study, the physical and chemical
properties of bone graft material have significant influence
on rate of resorption after sinus lift procedure intended for
implant placement. Careful consideration of graft properties
might enhance clinical performance.
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[21] R. González Garcı́a, L. Naval Gı́as, M. F. Muñoz Guerra,
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Maxillary sinus floor elevation via a lateral approach is a predictable technique to increase bone volume of the edentulous posterior
maxilla and consequently for dental implants placement. The sinus floor is elevated and it can be augmented with either autologous
or xenogeneic bone grafts following an opening bone window created on the facial buccal wall. Maxillary septa are walls of cortical
bone within the maxillary sinus. The septa shape has been described as an inverted gothic arch arising from the inferior or lateral
walls of the sinus and may even divide the sinus into two or more cavities. Some authors have reported a higher prevalence of septa
in atrophic edentulous areas than in nonatrophic ones. Radiographic identification of these structures is important in order to
perform the right design of the lateral window during sinus lift. Aim of this investigation is to highlight the correct steps for doing
sinus lift surgery in presence of those anatomic variations. Clinicians should always perform clinical and radiographic diagnosis in
order to avoid complications related to the sinus lift surgery.

1. Introduction

The treatment of maxillary edentulous jaws with osseointe-
grated implants is often complex for the frequent pneumati-
sation of the maxillary sinus and for the remaining low-bone
density and volume. The bone resorption, consequent to the
loss of the dental elements, determines atrophy in height
and thickness, by reducing the amount of available bone to
the implant placement. In the 1970s, Tatum Jr [1] and then
Boyne and James [2] developed the surgical technique of
the maxillary sinus augmentation. The proposed approach
represents the most reliable procedure for the bone recon-
struction of the maxillary sinus. Sinus augmentation has
evolved into a predictable surgical modality for increasing
the existing height with bone of sufficient quality to allow
successful placement of dental implants [3]. Sinus floor aug-
mentation can be today considered a relative safe procedure,
but severe complications may occur as a result of incorrect

surgical plan or related to aggressive surgical manoeuvres
[4]. Many different filling subantral materials have been
used over the years [5]. Autologous bone represented for
years the gold standard in bone grafting procedures for his
osteoinductive, osteogenic, and osteoconductive abilities [6].
On the other hand, the pain deriving from the need of a
double surgical site has prompted the researchers to develop
alternative procedures using alloplastic, heterologous mate-
rials, and growth factors to support the bone regeneration
[7–9].

Atrophy-related resorption of the alveolar process results
in a vertical loss of bone volume, while progressive sinus
pneumatization leads to an excavation of the alveolar process
from the cranial aspect, which varies from one individual
to another. Because atrophy-related resorption may occur
differently in different areas of the alveolar process, bony
septa can be considered residues between two such zones of
resorption [10].
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Knowledge of the maxilla anatomy, and moreover, of the
blood supply of the maxillary sinus is mandatory to avoid
unnecessary complications. [11–13].

All the surgical operations in the posterior maxil-
lary region require detailed knowledge of maxillary sinus
anatomy and possible anatomical variations. The aim of the
present investigation is to underline how the presence of
maxillary septa may influence the sinus floor augmentation
surgical procedure. A complete knowledge of the patient’s
anatomical conditions is fundamental for exact planning of
invasive surgery and helps to avoid complications.

2. Material and Methods

2.1. Literature Search and Selection. Several published paper
underlined how dental implants positioned on posterior
resorbed maxilla with extensive expanded sinus can be safely
treated by a simultaneous sinus lift approach and implant
insertion using the technical protocol and biomaterials
studied with overall 10-years-long-term results [14, 15].
However, particular anatomical sinus features, like the pres-
ence of septa, can increase the percentage of complications of
this safe technique.

The data from epidemiological studies on sinus septa
prevalence on upper maxilla is not regular or predictable
cause involving several additional topics. PUBMED research
by “maxillary sinus septa” keywords evidences a total of sixty-
one documents. However, only fifty-three manuscripts pub-
lished and indexed in Medline assessing relation with “oral
surgery diagnosis and therapy” and consequently published
on related dentistry journal.

Fixot and Sorensons [16] dated on 1977 a document
about retained root fragments along septa in the maxillary
sinuses. Moreover, other fifteen manuscripts point out sinus
septa prevalence, epidemiology, and anatomy.

A large number of studies (eighteen) involved radiologi-
cal investigation on maxillary anatomy underlining how the
volumetric analysis represents the more accurate way for
performing sinus septa diagnosis. Nine published papers talk
about sinus septa considering it on the sinus lift surgical
procedure complications. Four animal studies and four
cadaveric anatomy dissections and one systematic review
complete the list of sinus-septa-related manuscript.

2.2. Data Collection. Referring about the full text data,
the anatomical features and the surgical technique will be
exposed thorough the paper in order to give clinicians
complete information before performing sinus lift surgery.

In 1910, Underwood published a detailed description
of maxillary sinus anatomy, evidencing antral septa of
varying shape and size. Author divided sinus floor into three
anatomic sections: a small anterior one over the premolar
region a large median one descending between the roots
of the first and second molars, and a small posterior one
corresponding to the third molar region. These three sections
of the floor of the sinus are usually underlined by ridges
rising to distinct septa and connected to three defined

periods of tooth activity, separated by intervals of growth
time [17].

For decades, these septa were considered clinically
insignificant anatomical variations. However, new diagnos-
tic methods for verification of sinus disorders, such as
endoscopy, have led to a different attitude towards the
maxillary sinus and its anatomical variations [18, 19].

Krennmair et al. [20] divided septa into primary and
secondary on another Septa classification: primary septa
corresponding to those first described by Underwood, arising
from the development of the maxilla and secondary septa
arising from irregular pneumatisation of the sinus floor
following tooth loss. Other authors [21–23] classified septa
related to the presence/absence of maxillary teeth. Primary
septa were located superior to a maxillary tooth; secondary
septa were located on edentuolous maxillae. However a
combination of both types has been recorded too.

Furthermore, detailed knowledge of maxillary sinus
anatomy has become increasingly important for sinus lift
surgery [24].

The sinus lift technique, or internal maxillary sinus
augmentation in the sense of sinus floor elevation, allows
positioning of dental implants even when the posterior
maxillary region has undergone severe bone resorption [25–
27]. Before performing this kind of surgery, clinicians should
suggest patients undergoing radiographic investigation for
having a complete knowledge of the sinus extension [28–30].
Moreover, a CT dental scan of the upper jaw may give impor-
tant information about the presence of septa and regarding
the sinus three-dimensional limits (Figures 1, 2, 3 and 4).

In this surgical technique, a hinged window is made in
the facial antral wall and inverted to create space for the
grafting material. Either an autologous or a xenogenic bone
graft is then placed between the former antral floor and
the elevated sinus membrane, including or not inverted
bone plate [31]. The presence of maxillary sinus septa can
complicate both the luxation of the window into the sinus
and the lifting of the membrane [20]. Boyne and James [2]
advise cutting the septa with a chisel and removing them
with haemostatic forceps, for placing the graft into the cavity
without interruption. Sometimes, it is necessary to modify
the buccal window design to avoid fracturing the septa: if
the septa is high, it is advised to make two windows, one on
each side [4, 32] or make one w-shaped window if the septa
is lower [4] (Figures 5, 6, 7, and 8).

Although several modifications of this surgical technique
have been proposed during the past few years, either with
a supplementary or a simultaneous Le Fort I osteotomy,
horseshoe osteotomy or nasal floor elevation [33], the
original technique described by Boyne and James (1980) is
still valid today [2].

After a period of 6/9 months, dental implants can be
positioned in the newly formed bone (Figures 9 and 10).

3. Discussion

The surgery procedures of the posterior maxillary region
require detailed knowledge of maxillary sinus anatomy and
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Figure 1: Panoramic rx shows the presence of possible septa in the
left maxilla.

Figure 2: CT dental scan confirmed the presence of bone septa in
the left maxilla.

possible anatomical variations. Detailed knowledge of the
patient’s morphological conditions allows exact planning of
invasive surgery and helps to avoid complications. Several
investigations analyzed the prevalence of sinus septa in
the bone maxilla. Authors of those studies calculated the
incidence number based on the number of sinus, which have
septa, or on the number of subjects who have septa. The main
results of those studies state how the antral septa are more
commonly found in edentulous atrophic maxillae than in
dentate maxillae. The septae in edentulous atrophic maxillae
are usually shorter than those found in dentate maxillae.
When present, maxillary sinus septae are more common
anteriorly than posteriorly [23, 27, 30]. Additionally, the
prevalence of septa has no relation with patient’s sex
or age, but there are variances based on the sorting of
edentulism; some studies described a higher prevalence of
septa in totally edentulous/atrophic areas than in partially
edentulous/nonatrophic ones, with statistically significant
differences [17, 21, 26]. Many authors contemplated the
presence of septa if the height measured more than 2.5 mm
[26, 30].

Despite the overall progress in dental implantology,
dental implants positioning in the posterior atrophic maxilla
are already considered to be a challenging procedure due to
great levels of reduced bone volumes in many cases [34].
Grafting of the subantral space for augmentation is a pre-
requisite to overcome this deficiency [35]. Autogenous bone

Figure 3: Axial view of the CT dental scan confirmed a deep septa
in the left maxillary sinus.

Figure 4: A mucoperiostal flap is elevated. The buccal wall shows
residual ridge with a perforation of the Schneider membrane related
to previous tooth infection and fistula.

shows osteoinductive and osteoconductive properties and
has, therefore, long been considered the material of choice
for sinus augmentations. Because of its main disadvantages
such as limited availability and donor site morbitdity various
allografts, xenografts and alloplastic materials are used to
substitute autogenous bone. Though bone graft materials
give only few osteoinductive potential, they may act as a
scaffold for bone growth [36]. In a recent review [37], the
overall implant survival rate using 100% autogenous bone
grafts for sinus augmentations was lower (88.9%) compared
to combined grafts (94.7%) and 100% bone substitutes
(96.1%). However, several studies (60%) associated with
autogenous bone grafts referred the use of implants with
machined surfaces that, added together, achieved poorer
survival rates (86.3%) than textured surfaces (96.7%). The
authors concluded that grafts of bone substitutes alone or in
combination with autogenous bone were at last as effective as
those exclusively constituted by particulate autogenous bone
[36].



4 International Journal of Dentistry

Figure 5: The buccal osteotomy is performed according to Boyne
and James technique.

Figure 6: The presence of septa is well underlined after the sinus lift
procedure performed. Two separate bone windows have been done.

Sinus lift procedure performed by using xenograft mate-
rials is today a common and predictable technique. Histolog-
ical and immunohistochemical investigations of human and
animal biopsies taken after implantation of those bone graft
showed signs of osteoconduction as well as osteoinduction,
a high biocompatibility and a angiogenic response [37–42].
Autologous bone has been considered the gold standard for
years, but its use could be limited by the donator’s morbility,
by its reduced availability, and by its variable resorption.

However, even if the surgeon may choose several kinds
of materials for doing the graft, the problems related to the
septa presence should be prevented and considered before
doing the surgery.

Underwood observed the existence of another type of
septa, indicating that it must have a different origin, as it
seemed to be unrelated with teeth. Vinter et al. confirmed
that resorption of maxillary alveolar process incomes irreg-
ularity in different regions, leaving bony crests on the sinus
floor [3]. Consequently, incomplete septa on the sinus floor
as known like “secondary septa” can be considered a result of
tooth loss and bone resorption. Underwood was the first to
study maxillary sinus septa and examined 45 dried skulls cut.

Ulm et al. [26] performed an observational study on the
septa of 41 edentulous maxillae during sinus lift procedures
underlining the anatomical features of the septa. Lugmayr
et al. [23] observed the presence and morphology of
maxillary sinus septa by observing the CTs of 100 adult

Figure 7: Deproteinized bovine bone has been used for covering
the bone defect and for increasing the bone volume of the maxilla
after the sinus lift.

Figure 8: Panoramic rx control at 6 months after the surgery
confirmed the newly bone formation.

patients. This investigation pointed out how the view of
the maxilla can be useful for underlining septa presence.
Krennmair et al. [20] in 1997 performed another analysis
about 194 posterior maxillary regions, which were divided,
into 4 group: Group 1 clinical observation during sinus lift
procedure with panoramic Radiograph evaluation, Group
2 skull for anatomic evaluation, Group 3 TC evaluation of
edentulous alveolar ridge, and Group 4 TC evaluation of
dentate maxillary ridge [26]. The study showed the presence
of different anatomies related to the patients age and teeth
presence on the mouth.

According to several investigations, the diagnosis of the
septa presence is fundamental in order to avoid surgical
complications. The elevate number of false diagnosis estab-
lished using panoramic investigation remarks how this kind
of method cannot be suitable to entirely evaluate the sinus
anatomic extensions. Otherwise, CT Scan, 3D, and Cone
Beam investigation are today the better diagnostic investiga-
tion to underline the real maxillary anatomy highlighting the
presence of septa.

4. Conclusion

The results of this study suggest how first-level radiographic
investigation like orthopantomography or X ray are not
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Figure 9: The new opened mucoperiostal flap clearly shows a good
amount of bone formation.

Figure 10: Four dental implants have been placed in order to
perform prosthetic restoration of the previous edentulous area.

appropriate for thorough evaluation of the sinus floor
and its anatomical variants. Otherwise, CT and subse-
quent reconstructions consent high-resolution imaging of
anatomical bone structures and can be considered the
method of choice for imagining and investigating sinus
septa presence. Specially, the CT axial section may help
clinicians on evaluationg the septa orientation. Moreover,
axial section is the ideal sectional plane to examine this bony
structure.
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The maxillary sinus grafting procedure has proven to be an acceptable modality for bone augmentation to provide a base for
endosseous implants, routinely used for the rehabilitation of posterior maxilla. Perforation of the membrane is the most common
complication in this type of procedure. This paper presents a technique for repairing a perforated Schneiderian membrane with a
conjunctive connective tissue graft harvested from the palate and shows the histological and radiographic evaluation of the results.
Ten consecutives cases with the occurrence of membrane perforation were included in this study. All were repaired with a flap
of tissue removed from the palatine portion near to the surgical site. The technique is demonstrated through a clinical case. The
results showed successful integration of 88.8% of the implants after 12 months from prosthesis installation. Histological evaluation
of the samples showed that the use of nanocrystalized hydroxyapatite showed an adequate stimulation of boné neoformation
within 6 months. Radiographic evaluation revealed a small apical implant bone loss, not compromising their anchorages and
proservation. Thus, it can be concluded that the use of conjunctive technique with collected palate flap for sealing the perforation
of the membrane of the sinus may have predictable result.

1. Introduction

The lateral window technique described in the mid 80s [1]
was introduced as a method of increasing the amount of
bone in atrophic posterior maxilla to allow implant place-
ment. The lifting of the maxillary sinus floor is currently a
widely used procedure for bone augmentation of the pos-
terior maxilla in patients who underwent alveolar bone
resorption and/or maxillary sinus pneumatization [2, 3],
thus increasing the possibility of rehabilitative treatment of
these areas with the placement of dental implants [4].

Schneiderian membrane perforation was the most com-
mon complication reported for lateral sinus lifting procedure
[5, 6], and this can lead to loss of graft material and some-
times of the implants, as well as causing the loss of normal
physiological function of the breast [7].

The knowledge of process for the management of the
complications of implant surgery is very important in dental
practice [8]. The suture of perforations of the membrane is

very difficult due to its characteristics, such as consistency
[9]. However, sometimes the peroration of the membrane
is not detected [10]. Various methods and techniques have
been described to correct this problem, such as the use of
collagen membranes, fibrin glue, or bone blades removed
from donor areas [11].

The use of tissue removed from the palatal region has
been used for correction and/or grafting of periodontal
defects, because it is easily accessible and has a low morbidity,
with excellent biological properties [12].

The purpose of this study is to describe the technique of
using a subepithelial palatine flap for correction of medium-
size perforations during the procedure for stabilizing the
maxillary sinus graft material and for preventing its displace-
ment into the maxillary sinus. Still, we present the results of
the histologic analysis of the quality of new bone within these
conditions and monitoring the behavior of these areas one
year after prosthesis installation.
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Figure 1: Image of the initial perforation.

2. Material and Methods

Ten cases of sinus floor elevations were included in this study
conducted in Bioface Institut, Santa Maria (Brazil). Patients
were treated, if they did not show any uncontrolled systemic
disease and without history of maxillary sinus diseases. All
patients signed an appropriate consent form for publication
and monitoring of cases. After a careful planning of each
case, the patients underwent maxillary sinus graft with lateral
access without the simultaneous placement of implants,
as indicated and planned. Before treatment, all patients
were clinically and radiographically examined by panoramic
radiograph and TC scans. Every two months, clinical eval-
uation was performed. Prophylactic oral antibiotics were
used routinely for this procedure (amoxicillin 875 mg and
metronidazole 400 mg) and an anti-inflammatory (Profenid
100 mg), beginning 2 h before the procedure and continued
for 7 days every 12 h.

2.1. Surgical Technique Report. All the procedures were
performed under light sedation and local anesthesia. The
sinus augmentation procedure was followed the technique
described by Tatum et al. [13]. A horizontal antero-posterior
incision was made in the alveolar crest and supplemented
by buccal releasing incisions at the anterior portion of the
horizontal incision. A full-thickness mucoperiosteal flap was
raised and the lateral wall of the sinus was exposed. An
osteotomy was made with a round bur mounted on a high-
speed handpiece device with copious sterile saline irrigation.
The bony wall was carefully removed through abrasion, and
the elevation of the membrane began with a series of curved
curettes. At some point, we observed a small or medium size
(<10 mm) Schneiderian membrane perforation (Figure 1).
These occurrences were not considered a reason to abort
the planned augmentation procedure, but the membrane
surrounding the perforation was delicately dissected with a

blunt instrument, in an attempt not to increase the perfora-
tion size.

Then, a flap made only by connective tissue was removed
from the palate portion, beginning the incision in the same
site of the first incision of the flap prepared for the access
of sinus wall, at the depth and size required to cover the
perforation (Figure 2). The connective portion of the tissue
was dissected from the epitelial one of the flap through the
use of a 15C blade, used in an horizontal direction, parallel
to the flap surface.

The tissue was placed and the maxillary sinus was filled
by grafting material selected (Figure 3(a)). The posterior part
of the cavity was grafted first, followed by the anterior por-
tion, and finally the central area. Filling material consisted
of hidroxiapatite (Nano Bone, Germany) (Figure 3(b)).
This grafting protocol was used in all patients. After graft
placement and compressing, the subepithelial flap was repo-
sitioned and sutured with continued sutures (Figure 3(c)).

2.2. Postoperative Care. Patients were advised not to blow
their noses and to sneeze opening the mouth for 1 week
after surgery. Patients were also instructed not to wear their
dentures for 2-weeks postoperatively. Finally, sutures were
removed after 7–10 days from surgery.

After 6 months, a total of 18 tapered dental implants
were placed in the prepared sites 1 mm below the bone crest.
The preparation of the fixture sites was undertaken using
surgical guides based on wax-up models and according to the
standard clinical procedures for the implant system (Implacil
DeBortoli, São Paulo, Brazil).

2.3. Histologic Evaluation. Patients had the surgical bed ini-
tially prepared with a trephine of 2.8 mm external diameter
and 2 mm internal diameter to collect the tissue sample for
histological studies (Figure 4).

The processing and the histologic measurements were
performed by an experienced and calibrated, blinded exam-
iner. Samples were fixed in 4% buffered formalin for 24
hours, dehydrated using ascending grades of alcohol (80%,
90%, 100%) and xylol, and embedded in paraffin. Sections
with 2 µm thickness were made for each sample. The
sections were treated with xylol and a series of decreasing
concentrations of alcohol (100%, 90%, 80%), immersed in
distilled water, stained in hematoxylin-eosin, and observed
under a light microscope (E200—Nikon, Japan) to assess
morphologic aspects. The histologic characteristics of bone
formation were described.

2.4. Radiographical Evaluation. The sites were observed
radiographically after implant placement, 4 months before
the beginning of the prosthetic phase and 12 months
after installation of the prosthesis. Radiographs were taken
using a parallel technique and the use of individualized
radiograph holder. The entity of bone-to-implant contact
were made with the software Image Tool 3.0 for Windows
(Figure 5). These assessments was made, blindly for patients
characteristics, considering the chosen radiographs by a very
experienced professional (ST). No magnification devices
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Figure 2: Images showing the sequence of removal of palatal tissue.

were used for the radiographs evaluation because the used
software allowed a digital zoom of the image itself.

2.5. Statistical Analysis. The differences between 4 and 12
months in terms of presence of bone around implants were
evaluated with a Students t-statistic (P < 0.05).

3. Results

Sinus membrane perforations that occurred during surgical
procedures were generally small with a mean diameter of
5 mm. All of them occurred during the detachment from the
sinus walls.

After 6 months, two implants in one patient failed,
because they were not osseointegrated and they were
removed. Thus, the success rate was 88.8%. In other cases,
the results showed an adequate new bone formation in
patients treated with the described technique. No case had a
postoperative complication in both the first and second
surgical phase.

Histologically, the samples showed a new bone formation
consistent with the period studied, demonstrating that the
material used for grafting promoted good bone quality for-
mation, although the amount of resorption of the material
showed a very efficient integration (Figure 6).

Radiographically, the measures showed a good mainte-
nance of bone formation, as shown in the graph of Figure 5,
but in most cases there is a small loss of bone more frequently
in the apical portion of the implants. The presence of bone
tissue around implants installed in these areas was 94.5 ±
5.3% after 4 months of implant placement and 84.5 ± 6.7%
after 12 months of installation of the prosthesis on the
implants, showing no a significant loss even after receiving
the implant loads (P = 0, 087) (Figure 7).

4. Discussion

The present study showed that the bone graft survival in
the maxillary sinus after sinus membrane perforation can
be obtained after correction with a flap of tissue removed
portion of the palate.
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(a) (b)

(c)

Figure 3: The placement of the autologous membrane, the bone graft, and the suture, respectively.

Grafting of the maxillary sinus is a method for reach-
ing sufficient bone height for posterior maxillary implant
placement and has proven to be a highly successful method
and to give predictable results [14, 15]. Sinus floor elevation
procedures are routinely performed, although the function
of the maxillary sinus is not clearly understood. Some of its
functions might be adding resonance to the voice and some

degrees of olfactory function, warming, and humidifying
inspired air, as well as reducing the weight of the skull [5, 14].

The most commonly reported intraoperative complica-
tion of sinus augmentation is membrane perforation [15–
18]. It has been reported to occur in 7–35% of sinus
floor elevation procedures [14, 15, 18]. The presence of
anatomic variations as well as technical factors in the region
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Figure 4: Picture of the bone fragments collected from the grafted
areas for histological study.

Figure 5: Image of the measurements being made with the review
program Image Tool 3.0 for Windows.

of the sinus floor can cause complications during such
procedures [5, 19]. In the present study, ten cases were
included where the perforation occurred during the surgical
procedure.

It may be reasonable to assume that there is a correlation
between implant failure and sinus membrane perforation. In
104 cases, sinus lift surgery was complicated by perforation
of the sinus membrane, which was treated using different
techniques and materials intended to act as a barrier between
the sinus cavity and the site of graft placement [20].

Several clinicians have recommended the use of a
resorbable collagen membrane for repairing the perforated
sinus membrane, and the reported implant success rate in
nonperforated sites was 100%, while in perforated sites it was
69.56% [17]. Our study described an alternative for repairing
of sinus membrane perforation with the use of a flap of
tissue removed portion of the palate, which presented after
one-year followup after prosthesis installation, an implant
success rate of 88.8%. The use of an autologous connective
tissue graft may be hypothesized to be more biocompatible
and better tolerated by patients than other nonautologous
materials. Furthermore, the autologous graft demonstrated a

(a)

(b)

(c)

Figure 6: Images showing bone growth in different areas of the
sample, with 40x magnification ((a)-(b)) and a 100x magnification
(c). We can see the formation of fibers surrounding the “islands” of
ossification. Masson’s trichrome staining.

deep adherence to the sinus membrane tissue, and this could
be useful during perforation management.

A classification for the perforated sinus membrane based
on location and difficulty to repair can be described: class I
perforation is a perforation that occurs at any point along
the most apical wall of the prepared sinus window; class II
perforations occur along the lateral or crestal aspects of the
prepared sinus window and are further subdivided according
to their position; class III perforations occur at any location
within the body of the prepared sinus window [19, 21]. Pikos
described sinus perforation by size: small (5 to 10 mm) and
large (greater than 10 mm) [22]. As suggested by the results
of the present study, minor membrane perforations, may not
play a significant role in the clinical outcome. However, it
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Figure 7: Percentage of implant portion included in bone 4 months
after implantation and 12 months after prosthesis installation.

appears that the size of the membrane perforations is related
to the prognosis of the implants placed.

Previous reports suggested that larger perforations rep-
resent an absolute contraindication to the continuation of
surgery [10]. Schwartz-Arad et al. [18] found no relation
between membrane perforations or postoperative compli-
cations and implant survival. In our study, cases with
perforations bigger than 10 mm were treated, and it was
clinically observed that the grafted soft tissue promotes an
easier and better stability at the site of perforation.

It has been proposed that the regenerative result of the
bone-grafting procedure is inferior following sinus mem-
brane perforations and that simultaneous implant placement
should not be performed following repairing of severe perfo-
rations [15]. According to the results of the present study,
membrane perforation should not be considered an absolute
contraindication for simultaneous implant placement.

Various grafting materials have been used during sinus
augmentation procedures, including autogenous bone,
freeze-dried bone allografts, xenografts, hydroxyapatite,
tricalcium phosphate, or a combination of these materials
[15, 17, 23–26] and bone morphogenetic protein [5]. The
quantity and quality of the bone graft available from the
mandible seems to be sufficient and may avoid the need
to harvest the bone from an extraoral site to permit sinus
grafting and simultaneous implant placement [20]. In our
series, a hidroxyapyatite nanocristalizated was used and has
proved to be an adequate grafting material, and it was also
confirmed by histological results.

5. Conclusion

The sinus membrane perforation is the most common
intraoperative complication associated with the procedures

for maxillary sinus elevation and grafting. Sinus membrane
perforations may be adequately reconstructed and covered,
and therefore they are not an absolute contraindication to
the continuation of surgery, provided that they do not allow
the passage of graft material inside the maxillary sinus. The
use of a connective flap grafted from the palate area is a good
alternative. So, the overall survival rate of implants placed
under reconstructed membranes was 88,8% after 12 months.
A hidroxyapatite nanocristalizated (nano bone) constitutes a
viable alternative as an augmentation material for this type
of procedure. The maintenance bone around the implants
placed in these areas was 94.5 ± 5.33% after 4 months of
implant placement and 84, 5 ± 6.74% after 12 months of
installation of the prosthesis on implants.

More comparative clinical trials with wider sample size
and adequate randomization may be necessary to validate
this technique and to evaluate the advantages and disadvan-
tages in comparison with other surgical procedures.
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IRCCS Istituto Ortopedico Galeazzi, Milan, Italy

2 Centre for Research in Oral Implantology, Department of Biomedical, Surgical and Dental Sciences, Università degli Studi di Milano,
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Implant rehabilitation of the edentulous posterior maxilla may be a challenging procedure in the presence of insufficient bone
volume for implant placement. Maxillary sinus augmentation with or without using grafting materials aims to provide adequate
bone volume. The aim of the present study was to systematically review the existing literature on transalveolar maxillary sinus
augmentation without grafting materials and to propose and describe an osteotome-mediated approach in postextraction sites in
combination with platelet derivative. The systematic review showed that high implant survival rate (more than 96% after 5 years)
can be achieved even without grafting the site, with a low rate of complications. Available alveolar bone height before surgery was
not correlated to survival rate. In the described case report, three implants were placed in posterior maxilla after extraction of two
teeth. An osteotome-mediated sinus lifting technique was performed with the use of platelet derivative (PRGF); a synthetic bone
substitute was used to fill the gaps between implant and socket walls. No complications occurred, and implants were successfully
in site after 1 year from prosthetic loading. The presented technique might represent a viable alternative for the treatment of
edentulous posterior maxilla with atrophy of the alveolar bone though it needs to be validated by studies with a large sample size.

1. Introduction

Implant placement in the posterior maxilla is a challenging
procedure when residual bone height is reduced. Maxillary
sinus elevation technique is a common surgical procedure
which allows to augment the available bone volume in
posterior maxilla in order to place implants.

Residual bone height is considered fundamental in de-
ciding which augmentation technique can be used to obtain
an adequate bone volume. Generally, sinus lifting through
a lateral approach is a viable technique when less than 4-
5 mm of residual bone height is present [1–3]. When more
than 5 mm of residual bone height is available, a transalveolar
approach could be indicated in order to reduce the morbidity
and the invasivity of the treatment protocol [4–6].

Osteotome-mediated transcrestal sinus lift approach was
first proposed by Tatum in 1986 [7]. In the original approach,
implants were placed after the controlled fracture of sinus
floor and were submerged during the healing phase. In 1994,
Summers described a modification of this technique [8]. The
author proposed the preparation of implant site through
the use of conical osteotomes which allows the compression,
through lateral force application, of the bone in the posterior
maxilla. The author stated that these maneuvers allow to
increase the lateral bone density, preserving bone because
drilling is avoided.

While the transcrestal approach is considered more
conservative than the lateral approach, the main drawback is
that the sinus lifting procedure must be performed blindly
because of the impossibility to visualize the sinus floor
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[5, 6]. In spite of this limitation, membrane perforation
was reported to be less frequent in the osteotome-mediated
procedure [6] than in the lateral approach, for which such
complication was described in 25–44% of cases [9–11].

Transcrestal, osteotome-mediated sinus lift surgery may
be performed with or without the use of bone grafting
material as allograft, autogenous bone, or heterologous bone
material [6]. No significant differences in terms of implant
survival and success rates were observed comparing the two
methods [6]. Also, the use of platelet derivatives without any
bone substitute is described in literature [12, 13] with the
aim of allowing a better control of forces during sinus floor
elevation and reducing the incidence of complications.

The aim of this study was to perform a literature review
regarding osteotome-mediated sinus lifting without bone
grafting material and to present a technique to perform the
procedure with the use of plasma rich in growth factors
(PRGFs).

2. Literature Review

2.1. Materials and Methods. An electronic search was con-
ducted via MEDLINE (PubMed) in the dental literature
to select human clinical trials published from 1986 to
January 2012. The search terms used were “sinus lift,” “sinus
augmentation,” “sinus grafting,” “sinus elevation” alone or in
combination with “osteotome,” “dental implants,” “crestal,”
and “transalveolar” using boolean operator “AND” and were
chosen accordingly with previously published reviews [1, 5,
6]. Bibliographies of the selected articles were also manually
searched.

Inclusion criteria for the studies were

(i) studies concerning osteotome-mediated sinus lifting
procedure without using grafting materials;

(ii) a minimum of 1-year followup after prosthetic re-
habilitation;

(iii) at least 20 patients treated;

(iv) data on implant survival (SR) were reported.

Two authors (SC and MDF) independently screened
abstracts and fulltext of the eligible articles for possible
inclusion. In case of disagreement, a joint decision was taken
by discussion.

Data from selected studies were extracted and recorded
in a previously designed electronic form.

The fulltext of each included study was reviewed, and the
following parameters were extracted:

(i) demographics of treated patients (age, gender, sample
size);

(ii) bone height (distance between bone crest and floor of
the sinus);

(iii) implant length;

(iv) Implant survival rate;

(v) surgical or postsurgical complications;

(vi) causes and occurrence of implant failure.
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Figure 1: Failures distribution over time.

Weighted mean survival rate was calculated up to 5 years.
The comparison between subgroups (follow-up duration,
implant length, residual bone height) was made using
Pearson’s chi square test.

3. Results

The initial electronic search provided 438 items. After titles
and abstracts screening, they are 361 articles were excluded
because not pertinent with the aims of this paper. Of the 77
remaining articles, 62 were excluded because of not fulfilling
the inclusion criteria. Fifteen articles were finally included in
the analysis [12, 14–27].

Data about implant survival rates over time are presented
in Table 1. It can be observed a great heterogeneity among
studies regarding sample size (ranging from 20 to 983
patients) and study design. A total of 1767 implants were
considered in this study. Survival rates were high in each
considered follow-up time. The weighted mean survival was
98.02% one year after loading, 97.37% after 2 years, 97.47%
after 3 years, and 96.77% after 5 years.

Two thirds (66.04%) of failures were recorded during the
first year after loading as shown in Figure 1.

Implant length distribution in relation to implant sur-
vival at 1 year is shown in Table 2. Implant length varied
among the studies, but it was greater than 10 mm in the
majority of the considered studies. No correlation between
implant length and survival rate could be demonstrated.

Alveolar bone height before and after surgical procedures
is presented in Table 2. Mean residual bone height at baseline
did not exceed 8.2 mm considering mean values. The
higher mean bone height after surgery was 13.28 mm [27].
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Table 1: Cumulative implant survival rates.

Study N n 1 y n 2 y n 3 y n 5 y

Fermergård and Åstrand [14] 53 53 96,23 50 94,30

Tetsch et al. [15] 983 983 98,88 887 97,88 805 98,39 529 97,83

Bruschi et al. [16] 66 66 95,45 63 95,45 63 95,45 63 95,45

Gabbert et al. [17] 92 92 95,65 83 95,65 83 95,65

Jurisic et al. [18] 40 40 100,00 40 100,00 40 100,00

Nedir et al. [19] 25 25 100,00 25 100,00 25 100,00

Nedir et al. [20] 54 54 100,00

Cavicchia et al. [21] 97 97 89,69 87 89,69 87 89,69 86 88,65

Diss et al. [12] 35 35 97,14

Schmidlin et al. [22] 24 24 100,00 24 100,00

Leblebicioglu et al. [23] 75 75 97,33 73 97,33

Fugazzotto [24] 114 114 98,25 83 98,25 40 98,25

Volpe et al. [25] 20 20 100,00

Bruschi et al. [27] 68 68 100,00 68 100,00 68 100,00 68 100,00

Fornell et al. [26] 21 21 100,00

n Total 1767 1767 98,02 1433 97,37 1261 97,47 746 96,77

Table 2: Bone height before and after surgery.

Study Mean implant length Mean ± SD (range) before surgery Mean ± SD after surgery

Fermergård and Åstrand [14] 10,89 6,3 ± 0,3 10,7 ± 0,3

Tetsch et al. [15] 11,50 8,2 3,3

Bruschi et al. [16] 13,57 1–3 13,28 ± 1,23

Gabbert et al. [17] 10,29 NE NE

Jurisic et al. [18] 10,72 NE NE

Nedir et al. [19] 9,60 5,4 ± 2,3 10,3 ± 2,2

Nedir et al. [20] 8,37 2,5 ± 1,7 6,3 ± 1,5

Cavicchia et al. [21] 12,30 NE NE

Diss et al. [12] 10,51 6,5 ± 1,7 9,8 ± 1,5

Schmidlin et al. [22] 8,60 5,0 ± 1,5 8,6 ± 1,3

Leblebicioglu et al. [23] >11 mm 7 ± 1,3 10,9 ± 1,7

Fugazzotto [24] 9,16 NE NE

Volpe et al. [25] NR 7.2 ± 1.5 10.0 ± 1.0

Bruschi et al. [27] 13,50 6.02 ± 0,75 7.99 ± 1.16

Fornell et al. [26] 10,00 5.6 ± 2.1 8.6 ± 2.1

No correlation could be found between bone height and
implant survival rate.

4. Technique Description and Case Report

A 45-year-old male patient, in general good health (ASA
1), nonsmoker, presented with a first left maxillary molar
(2.6) exhibiting a destructive caries and referring vague,
nonspecific symptoms. Radiographic examination revealed
the presence of periradicular lesion of strictly endodontic
origin, and a suitable restoration was considered unfeasible.
In the same quadrant, the maxillary second premolar and
second molar (2.5 and 2.7) were missing. Moreover, a tilted
wisdom teeth (2.8) showed a lateral and vertical mobility

associated with a pathological periodontal status (Figure 2).
An experienced surgeon (ST) performed the entire sur-

gical procedure.

4.1. Surgical Procedure. Preoperatively all patients rinsed
with a 0.2% chlorhexidine solution for a minute as an an-
tiseptic treatment in order to reduce the contamination of
the surgical field.

Patients’ peripheral blood was collected using citrated
tubes in order to prepare the platelet concentrate [28–
30]. Briefly, the platelet concentrate is obtained by one-
step centrifugation process (580 g for 8 minutes). The
supernatant is then separated into two fractions paying care
not to collect the leukocyte-rich layer: the deeper half is
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Figure 2: Clinical situation before surgery (clinical photo and TC
sections).

plasma very rich in growth factors (PVRGFs), and the upper
half is plasma rich in growth factors (PRGFs). Each fraction
is activated with calcium chloride a few minutes before use.

Local anaesthesia was administered with the use of
articaine 4% and epinephrine 1 : 100.000.

A full thickness mucosal flap was raised, and the
extraction of the mobilized teeth 2.6 and 2.8 was made
with forceps in order to minimize the mechanical trauma
to the surrounding bone. Implant surgical procedure was
immediately performed after extraction of the involved teeth
and accurate removal of the granulation tissue, when present,
from the socket.

Three implants (BTI Biotechnology Institute, Alava,
Spain) were placed. One was placed in the edentulous 2.5
site (Figure 3(a)), and implant installation was performed
according to the protocol provided by the manufacturers.
The other two implants were placed, respectively, in 2.6 post
extraction site and in the bone bridge between 2.6 site and 2.8
site. In both sites, implant installation was performed using
a modified technique of osteotome sinus floor elevation
(OSFE) procedure [13] (Figure 4).

Piezosurgical inserts (MB1, EMS, Nyon Switzerland)
were used to prepare the implant sites until the Schneiderian
membrane was reached (Figure 5). The sites depth was
predetermined according to measurements obtained from
the 3D radiographic examination. A Valsalva maneuver was
done in order to detect the presence of an oroantral com-
munication.

At this time, the sites were firstly embedded with
liquid PVRGF (plasma very rich in growth factors) and
subsequently a PRGF fibrin clot was gently pushed beyond
the empty alveolus with the osteotome before raising the
sinus floor (Figure 3(a)). The osteotome was used with
minimal pressure and rotation and when necessary slight
malleting to implode the sinus membrane in an apical

direction (Figure 3(b)). After removing the osteotome, a
Valsalva maneuver was done again. The osteotomy was to
be underprepared by 1 mm relative to the final implants
diameter to improve primary implant stability. The clot
placement and the insertion of the osteotome were repeated
several times until the required membrane lift was achieved;
finally, a membrane of cross-linked collagen was placed
in both sites (COVA, Biom’Up, Saint-Priest, France) (Fig-
ure 3(b)). The implant was embedded with PVRGF and
inserted with a torque of at least 30 Ncm (Figures 3(c) and
3(d)). Three implants were placed: one 4.5 × 11.5 mm (2.5)
and two 4 × 8.5 mm (2.6 and 2.7). A clot of PRGF combined
with a biphasic and synthetic bone substitute, made by
hydroxyapatite, calcium phosphate, and porcine-acellular
collagen (Matribone, Biom’Up, Saint-Priest, France), was
used as a gapfiller of the postextraction sockets (Figures 6(a)
and Figure 6(b)).

A cross-linked collagen membrane (COVA, Biom’Up,
Saint-Priest, France) embedded with PVRGF was positioned
over the cover screw (Figure 6(c)). The flaps were repo-
sitioned and secured with nonabsorbable silk 5-0 sutures
(Ethicon Inc. Johnson & Johnson, Piscataway, NJ, USA). All
implants were semisubmerged so that all parts of the defects
were covered by mucosal tissue (Figure 6(d)).

After surgical phase, a standard pharmacological proto-
col was prescribed: amoxicillin 1 g every 8 hours for 5 days
after surgery, nimesulide 100 mg twice daily for pain control
if needed, and 0.2% chlorhexidine digluconate mouthwash
twice daily for 1 week for plaque control. A soft diet was
recommended, avoiding contact of the surgically involved
zone with food for a few days if possible. Sutures were
removed one week after surgery.

After 3 months of healing, a surgical reentry procedure
was performed. Full thickness flaps were elevated to access
the marginal portion of the implant sites (Figure 7).
The cover screws were replaced with healing caps and
subsequently with permanent abutments, and the implants
were loaded with the final restoration. The prosthesis was
cemented (Figures 8 and 9). Complications were recorded
any time they occurred.

4.2. Radiographic Evaluation. A standardized intraoral ra-
diograph followed by a CBCT scan was taken before surgery
(Figure 1).

Other intraoral periapical radiographs was taken imme-
diately after implant placement, at the prosthetic phase, and
at each follow-up visit (scheduled after 6 and 12 months of
prosthesis function and yearly thereafter).

Figure 9 is a radiograph taken at the 6-month followup.
Radiographs were taken using a long cone paralleling tech-
nique and individual trays, in order to ensure reproducibility.
Each periapical radiograph was scanned at 600 dpi with a
scanner (Epson Expression 1680 Pro, Epson).

4.3. Variables Assessed. Primary variables were (a) prosthesis
success: prosthesis in function, without mobility. Prosthesis
stability was tested by means of two opposing instruments’
pressure. Prosthesis was considered as failed if its function
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(a) (b) (c) (d)

Figure 3: (a) Implant in site 1.5 was placed through standard protocol; a PRFG clot was positioned in the prepared socket before sinus floor
elevation. (b) A membrane was placed apically in the so prepared site. (c) Before implant positioning, the fixture surface was bioactivated
with liquid PRGF. (d) 2.5 and 2.7 implants in position.

(a)

(b)

(c)

(d)

(e)

(f)

(g)

Figure 4: Schematic representation of osteotome-mediated sinus lift technique with the use of PRGF.

was compromised for any reason; (b) implant success
according to conventional criteria [31]; (c) postoperative
quality of life based on the assessment of pain, swelling,
general discomfort in the first week after surgery; (d) pa-
tient satisfaction for mastication function, phonetics, and

aesthetics. The latter two variables were evaluated by means
of questionnaires based on a five-point Likert scale [32].

Secondary variables were implant survival, the number
and type of complications, mesial and distal changes of
marginal bone level.
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(a) (b) (c)

Figure 5: Use of piezoelectric inserts to prepare implant site.

(a) (b) (c) (d)

Figure 6: Gap filling and suture.

5. Discussion

Osteotome-mediated sinus lifting technique has been dem-
onstrated to be a viable alternative option in implant re-
habilitation of atrophic posterior maxilla [4–6]. However, the
advantage of the use of bone graft was not clearly shown in
previous reviews [6].

The review of literature performed in the present paper
confirmed that osteotome sinus lift technique performed
without the adjunctive use of any bone substitutes is a safe
and effective procedure.

The cumulative survival rates for implants placed in non-
grafted sites are comparable with those placed in augmented

grafted sites as was presented in previous systematic review
[6].

The presented case report described implant placement
in posterior atrophic maxilla. Osteotome sinus lifting tech-
nique was performed in a postextraction socket with the use
of PRGF alone. Synthetic bone grafting material was used
only to fill the gaps between implant and socket walls.

Crestal sinus lifting immediately after tooth extraction
was described in few clinical reports [13, 33–35]. In the
presented case report, a piezoelectric device was used in
order to prepare implant site. Piezoelectric device allowed
a more precise bone preparation of the socket walls where
the use of standard drills could be complicated by the socket
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(a) (b) (c) (d) (e)

Figure 7: Second surgical phase.

Figure 8: Radiographs taken at 6-month followup.

anatomy. Moreover, a piezoelectric preparation allowed the
preservation of Schneiderian membrane in case of complete
erosion of the sinus floor.

Platelet concentrate was used as an aid in membrane
detachment acting as a cushion during the delicate use of
osteotomes. The hydraulic pressure of PRGF clot caused
a more controlled floor lifting avoiding excessive traumas
to the cortical bone and to the Schneiderian membrane
itself [12, 13, 36]. Furthermore, platelet derivatives can be
beneficial to enhance soft tissue healing, reducing common
postsurgical sequelae as swelling, pain, and hematoma [28,
29, 37]. This effect is achieved through the suppression of
proinflammatory chemokines as IL-1 [38, 39] and through
the release of many growth factors which promote tissue
healing and regeneration [29].

In the presented case, a collagen membrane was then
placed in contact with the PRGF clot, with the aim of guiding
tissue regeneration in the apical portion.

After implant placement, the gaps between the fixture
and the socket walls were filled by a mixture of biphasic
synthetic bone and PRGF liquid. The biphasic material gives

Figure 9: Occlusal view of the final prosthesis at 6-month followup.

a support to cellular adhesion and bone formation, but
also a bioactivity that allows new bone formation [40, 41].
Moreover, it represented an ideal vehicle for PRGF growth
factors and their release in the surrounding tissues [42].
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The review of the scientific literature confirmed the
successful outcomes of osteotome-mediated sinus lifting
without the use of any bone substitute. This technique may
be performed with the aid of platelet derivatives whose
mechanical and biologic properties allow a safe detachment
of the sinus membrane, possibly reducing the incidence of
surgical and postsurgical complications.

The use of scaffold-like biomaterials to fill post-ex-
traction sockets, when necessary, can emphasize the positive
effect of platelet-derived factors, achieving an adequate bone
filling, as shown in the present case report.

Although the presented technique may appear technically
difficult, it showed a viable treatment option that could
be considered and investigated through properly designed
randomized controlled trials with adequate sample size.

References

[1] M. Del Fabbro, G. Rosano, and S. Taschieri, “Implant survival
rates after maxillary sinus augmentation,” European Journal of
Oral Sciences, vol. 116, no. 6, pp. 497–506, 2008.

[2] M. Peleg, A. K. Garg, and Z. Mazor, “Predictability of simul-
taneous implant placement in the severely atrophic posterior
maxilla: a 9-year longitudinal experience study of 2,132
implants placed into 731 human sinus grafts,” International
Journal of Oral and Maxillofacial Implants, vol. 21, no. 1, pp.
94–102, 2006.

[3] M. Esposito, M. G. Grusovin, J. Rees et al., “Effectiveness
of sinus lift procedures for dental implant rehabilitation: a
Cochrane systematic review,” European journal of oral im-
plantology, vol. 3, no. 1, pp. 7–26, 2010.

[4] D. Emmerich, W. Att, and C. Stappert, “Sinus floor elevation
using osteotomes: a systematic review and meta-analysis,”
Journal of Periodontology, vol. 76, no. 8, pp. 1237–1251, 2005.

[5] W. C. Tan, N. P. Lang, M. Zwahlen, and B. E. Pjetursson, “A
systematic review of the success of sinus floor elevation and
survival of implants inserted in combination with sinus floor
elevation Part II: transalveolar technique,” Journal of Clinical
Periodontology, vol. 35, no. 8, pp. 241–254, 2008.

[6] M. Del Fabbro, S. Corbella, T. Weinstein, V. Ceresoli, and S.
Taschieri, “Implant survival rates after osteotome-mediated
maxillary sinus augmentation: a systematic review,” Clinical
Implant Dentistry and Related Research, vol. 14, no. s1, pp.
159–168, 2012.

[7] H. Tatum Jr., “Maxillary and sinus implant reconstructions,”
Dental clinics of North America, vol. 30, no. 2, pp. 207–229,
1986.

[8] R. B. Summers, “The osteotome technique: part 3—Less
invasive methods of elevating the sinus floor,” Compendium,
vol. 15, no. 6, pp. 698–710, 1994.

[9] M. Chanavaz, “Maxillary sinus: anatomy, physiology, surgery,
and bone grafting related to implantology—eleven years
of surgical experience (1979–1990),” The Journal of Oral
Implantology, vol. 16, no. 3, pp. 199–209, 1990.

[10] D. Schwartz-Arad, R. Herzberg, and E. Dolev, “The prevalence
of surgical complications of the sinus graft procedure and their
impact on implant survival,” Journal of Periodontology, vol. 75,
no. 4, pp. 511–516, 2004.

[11] A. Katranji, P. Fotek, and H. L. Wang, “Sinus augmentation
complications: etiology and treatment,” Implant Dentistry, vol.
17, no. 3, pp. 339–349, 2008.

[12] A. Diss, D. M. Dohan, J. Mouhyi, and P. Mahler, “Osteotome
sinus floor elevation using Choukroun’s platelet-rich fibrin
as grafting material: a 1-year prospective pilot study with
microthreaded implants,” Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology and Endodontology, vol. 105, no. 5,
pp. 572–579, 2008.

[13] S. Taschieri and M. Del Fabbro, “Postextraction osteotome
sinus floor elevation technique using plasma-rich growth
factors,” Implant Dentistry, vol. 20, no. 6, pp. 418–424, 2011.
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Introduction. Sinus lift procedures are a commonly accepted method of bone augmentation in the lateral maxilla with clinically
good results. Nevertheless the role of the Schneiderian membrane in the bone-reformation process is discussed controversially.
Aim of this study was to prove the key role of the sinus membrane in bone reformation in vivo. Material and Methods. 14
patients were treated with the minimal invasive tHUCSL-Intralift, and 2 ccm collagenous sponges were inserted subantrally and
the calcification process followed up with CBCT scans 4 and 7 months after surgery. Results. An even and circular centripetal
calcification under the sinus membrane and the antral floor was detected 4 months after surgery covering 30% of the entire
augmentation width/height/depth at each wall. The calcification process was completed in the entire augmentation volume after
7 months. A loss of approximately 13% of absolute augmentation height was detected between the 4th and 7th month. Discussion.
The results of this paper prove the key role of the sinus membrane as the main carrier of bone reformation after sinus lift procedures
as multiple experimental studies suggested. Thus the importance of minimal invasive and rupture free sinuslift procedures is
underlined and does not depend on the type of grafting material used.

1. Introduction

Although subantral augmentation procedures (Sinus lifting)
can be considered as an established and highly successful
method to multiply bone prior to implant insertion into the
lateral maxilla site, the biological mechanisms of subantral
bone regeneration are still focus of controversial scientific
discussions.

While in the eighties and nineties of the past century the
discussion on graft material inserted subantrally focused on
free autologous bone grafts the mainstream research turned
over to heterologous, allogenic, xenogenic and synthetic
bone graft materials.

Concerning free autologous bone grafts most questions
were already answered in the late sixties of the past century
by Scandinavian scientists.

Puranen [1] proved free autologous bone grafts stored
in room air to lose all biological activity within 90 minutes,
when kept in saline solution within 3 hours. Bohr et al.
[2] investigated the osteogenic potency of freshly harvested
autologous bone grafts in comparison to deproteinized
cadaver bone: although he reported a better reossification of
the fresh free autologous transplants in the augmentation site
in the first five days following surgery, the overall advantage
of fresh autologous bone grafts was beyond any experimental
and clinical significance after the standard healing period.

The key role of the periosteum in bone healing and
regeneration was proven in other disciplines of medicine for
quite a time [3–5] and was verified again only lately [6, 7] but
mostly neglected in dentistry and oral surgery.

Lundgren et al. [8] 2004 found sufficient bone regenera-
tion after Sinus lift surgery without the insertion of any bone
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Figure 1: Intralift: 6 mm gingival punch or 6 × 6 mm top crestal flap to approach the alveolar crest.

(a) (b)

Figure 2: Intralift: trepanation of the subantral alveolar crest with the conical diamond coated tip TKW 1 for Piezotome.

graft material but sufficient bleeding into the subantral space
but left open the answer to the question about the regenera-
tion mechanisms which were then published by Srouji et al.
in 2009 [9, 10]: the basal cell layer of the Schneiderian
membrane is periosteum—as any other membrane covering
vital bone like the Dura mater [5, 6]—that solely produces all
necessary cellular and humoral factors for bone healing and
bone regeneration such as Bone Morphing protein 2 (which
has a key function in bone regeneration [11]), osteonectin,
osteocalcin, and osteopontin.

Vital periosteum alone initiates bone regeneration and
production in absence of any calcified structure or the
presence of osteocytes needing only a stable blood coagulum
as Srouji et al. were able to prove [10].

Based on the knowledge of the superior atraumaticity of
ultrasonic surgery [12, 13] and of bone regeneration mecha-
nisms under the Schneiderian membrane and the mandatory
atraumatic detachment of the sinus membrane from the
antral bone, the authors (TKW-Research-Group) developed
the minimal invasive transcrestal hydrodynamic ultrasonic
cavitational Sinus lift (tHUCSL-Intralift) for Piezotome
I/II/SOLO in cooperation with Satelec-ACTEON/France to
preserve the sinus-membrane and its key function in the later
bone regeneration [14–17].

The aim of the present study was to verify in vivo the
postulated bone regeneration capabilities of the periosteum
of the Schneiderian membrane in patients treated with the

tHUCSL-Intralift by detecting the origins of the calcification
process radiographically on macroscopical level.

2. Material and Methods

Within a multicenter study on the success rates of the
tHUCSL-Intralift using various radiopaque bone graft mate-
rials for subantral augmentation, 14 patients (8 female, 6
male) at an average age of 52 yrs (±16 yrs) were selected with

vastly pneumatized sinuses on the right side and remaining
subantral alveolar crest heights of 4 mm or less. Instead of
radiopaque bone graft material only, a radiolucid collage-
nous sponge of a stable and defined volume of approximately
2 ccm was inserted subantrally to radiographically follow up
the origins of new bone growth and calcification processes
in CBCT scans to indirectly verify the findings by Lundgren
et al. [8] and Srouji et al. [9, 10] in human sinuses in vivo.

Sinus lift surgery on the right maxillary sinus was
performed according to the strict tHUCSL-Intralift protocol.

The subantral alveolar crest was revealed by either a
single or dual 6 mm diameter gingival punch or an 6 mm
rectangular top crestal mucoperiosteal flap (Figure 1). A
pilot trepanation was performed with the diamond-coated
TKW 1 ultrasonic tip for Piezotome I/II/SOLO (Satelec-
ACTEON/France) (Figure 2).
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Figure 3: Intralift: opening of the sinus floor with the round diamond coated tip TKW2 for Piezotome.

(a) (b)

Figure 4: Intralift: preparation of the receptacle for the hydrodynamic cavitational ultrasound applicator with the diamond-coated tip
TKW4 for Piezotome (preparation of a ventile seat).

The sinus floor was opened with the diamond-coated
atraumatic TKW 2-ultrasonic tip (Figure 3) followed by
the preparation of a receptacle for the elevation applicator
TKW 5 with the flat diamond-coated TKW 4 ultrasonic tip
(Figure 4).

The sinus membrane then was atraumatically separated
from the antral bone with the hydrodynamic ultrasonic
cavitational applicator TKW 5 (Figure 5) at a flow rate of
saline solution of 30 mL/min for 5 seconds thus creating
a subantral volume of 2,5 ccm under the elevated sinus
membrane. (Although the differences in physics between a
hydraulic and a hydrodynamic cavitational separation of the
sinus membrane from the bone are significant, the basic
process can be circumscribed as detaching and elevating the
membrane with water-pressure).

Once the elevated sinus-membrane was verified to float
free and unperforated/unruptured in the traditional unilat-
eral Valsalva check, a form stable radiolucent collagenous
sponge of approximately 2 ccm (Implante Colageno/EURO-
Klee/Spain or Parasorb-Dentalkegel/RESORBA/Germany,
(Figures 6(a)–6(e)) was inserted subantrally instead of
radiopaque bone graft material to stabilize the elevated
sinus membrane as well as the blood clot forming under-
neath and maintain the elevation volume achieved with

the tHUCSL-Intralift procedure. Patients were followed up
for pain, swelling, and any sign of nightly bleeding out
of the corresponding nostril and/or observation of blood-
contaminated sputum and/or unusual sneezing attacks one,
two, three, and saven days after surgery. Implants were
inserted into the augmented site 8 months after tHUCSL-
Intralift and prosthodontic treatment latest completed 11-12
months after initial Intralift surgery.

Radiographic followup was performed 4 and 7 months
following surgery with calibrated CBCT scans and the scans
modulated with sharpness, edge detection and contrast filters
as well as additive and subtractive grayscale enhancement fil-
ters for better distinction between soft and hard tissues. The
calcification process was determined with grayscale match
algorithms to the surrounding natural bone in mm in the
augmentation area with the augmentation center as origin
(Figure 7 white arrow) in transversal, sagittal, and horizontal
scan slides with the calibrated CBCTs measurement tool.

Measurements were taken in mm measuring the absolute
height of the augmentation including the alveolar crest
in transversal and sagittal slides (Figure 7 yellow arrow)

and in 3, 6, 9, and 12 o’clock position (Figure 7 red
reference cross) centripetally from the outer line of the visible

calcification to the center. The maximum vertical height of
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(a) (b)

Figure 5: Intralift: detachment of the sinus membrane with the detachment applicator TKW5 which is sealed towards the oral cavity by the
receptacle. By hydrodynamic cavitational pressure the sinus membrane is elevated and a subantral volume of 2,5 ccm created.

(a)

(b)

(c) (d) (e)

(f)

Figure 6: Collagenous sponges used: (a) Resorba Dentalkegel/Resorba/GER (1,9 ccm), ((b), (c)) Implante Colageno/EURO-Klee/ES
(2,0 ccm), (d) insertion demonstration on a training model (the sponge is inserted after the sinus-membrane was elevated with the Intralift
method), (e) view from inside the sinus in a training model, (f) surgical site with sponge inserted.

the augmentation site was measured in the transversal and
sagittal slides including the alveolar crest since a precise

radiological separation of the newly formed bone from
the remaining alveolar crest was not possible. The same

procedure was applied to all measurements in 6 o’clock
position.

3. Results

All 14 tHUCSL Intralift Sinus lift procedures were con-
ducted without perforation of the sinus membrane, and

no postsurgical complications suspicious of sinus-membrane
perforations occurred. The mean height of the alveolar crest

in the 14 study patients was 3,2 mm (st. dev. ± 0,8 mm)
at the entrance site of the Intralift procedure measured
intraoperatively.

Figure 8 shows a typical presurgical (Figure 8(a)) and
immediate postsurgical (Figure 8(b)) panoramic X-ray of a
female study patient. In most cases the inserted sponge was
similar to a typical mucocele or was not detectable at all in
panoramic X-rays.

CBCT scans after 4 months revealed an average achieved
augmentation height of 16,3 mm in the transversal slides
(st. dev. 2,2 mm) and 16,8 mm in the sagittal slide (st.dev.
2,6 mm) which was reduced to an average of 14,6 mm in the
transversal slides and 14,7 mm in the sagittal slides after 7
months (Table 1).
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Table 1: Mean values in mm of absolute augmentation heights achieved after 4 and 7 months in sagittal and transversal CBCT slides
(reference is the highest point).

CBCT 4
month

14 sites mean
(mm)

CBCT 7
month

14 sites mean
(mm)

Vertical height absolute
transversal slide (A)

16,3 St. dev. 2,2 14,6 St. dev. 1,9

Vertical height absolute
sagittal slide (B)

16,8 St. dev. 2,6 14,7 St. dev. 1,8

12

39

6

12

39

6

Figure 7: CBCT scan measurements: yellow arrows: total distances height/width/depth, red reference cross: measurements of calcification
thicknesses in 3, 6, 9, and 12 o’clock position.

(a) (b)

Figure 8: Immediate presurgical (a) and postsurgical (b) OPG: the collagenous sponge shows similar to a mucocele or less.

The calcification process under the sinus-membrane
radiologically showed an even centripetal circular distribu-
tion under the sinus-membrane and on the antral bone
base with calcified tissue thicknesses of 3,6 mm to 4,3 mm
(excluding all measurements in 6 o’clock position since these

measurements include the original alveolar crest height)
(Table 2, Figure 9).

After a healing period of 7 months all CBCT scans
showed a completion of the calcification process in the aug-
mented subantral volume except some randomly distributed
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Table 2: Mean values in mm of calcified tissue thicknesses in 3, 6, 9, and 12 o’clock position in CBCT scans after 4 and 7 months (for
reference measurement positions for transversal, sagittal, and horizontal see Figure 6).

CBCT 4 month 14 sites mean (mm) CBCT 7 month 14 sites mean (mm)

Transversal 3 o’clock pos. 3,6 St. dev. 0,3 n/a

Transversal 6 o’clock pos. (incl. alv. crest) (C) 5,9 St. dev. 1,2 n/a

Transversal 9 o’clock pos. 3,8 St. dev. 0,4 n/a

Transversal 12 o’clock pos. (D) 4,1 St. dev.0,3 n/a

Sagittal 3 o’clock pos. 4,0 St. dev. 0,6 n/a

Sagittal 6 o’clock pos. (incl. alv. crest) (E) 6,1 St. dev. 1,3 n/a

Sagittal 9 o’clock pos. 3,6 St. dev. 0,4 n/a

Sagittal 12 o’clock pos. (F) 4,3 St. dev. 0,4 n/a

Horizontal 3 o’clock pos. 4,2 St. dev. 0,5 n/a

Horizontal 6 o’clock pos. 4,1 St. dev. 0,4 n/a

Horizontal 9 o’clock pos. 3,9 St. dev. 0,2 n/a

Horizontal 12 o’clock pos. 3,8 St. dev. 0,3 n/a

minor radiolucent spots/areas thus not allowing a precise
distinction for measurement between noncalcified areas and
calcified tissue (Table 2, Figure 10).

The mean loss of absolute augmentation height of
calcified tissue in the CBCT scans between 4 months and 7
months after surgery was 1,9 mm resulting in a final mean
overall height of calcified tissue for implant insertion of
14,65 mm (Table 3).

After 4 month approximately a third of the subantral
augmented volume in each measurement position (3, 6, 9,
12 o’clock) related to the total width/height/depth of the
augmentation was presented as calcified tissue in the CBCT

scans (Table 3, Figure 9). No precise distinction between
calcified and noncalcified tissue could be made in the CBCT

scans after 7 months.

All patients were successfully treated with two-stage
dental implants from various manufacturers (mostly Q2-

Implant/TRINON Karlsruhe GmbH/Germany, BEGO RI/
BEGO/Germany, SICace/SIC-Group/Germany and others)
after 8 months and prosthetic suprastructure after 11-12

months (Figure 11).

Figures 12, 13, 14, 15, 16, 17, 18, 19, and 20 show two
more typical cases of the present study.
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Table 3: Mean values in mm of absolute augmentation height loss in CBCT scans between 4 and 7 months after surgery and mean percentage
of calcified tissue in 3, 6, 9, and 12 o’clock position in relation to entire distance measured (A, B ref. Table 1, C, D, E, F ref. Table 2).

CBCT 4 month CBCT 7 month

Mean values mm mm

Mean Value (A) + (B)
= X

+

16,55 (i) 14,65 (ii)

Mean (i)-(ii) 1,90

Mean Value (C) + (D)
+ (E) + (F) = Y

+ + +

5,1 n/a

Mean % X/Y 32,5% n/a

(a) (b)

Figure 9: Transversal and parasagittal CBCT scan 4 months subsequent to tHUCSL-Intralift. The even circular centripetal calcification
process can be observed.

(a) (b)

Figure 10: Transversal and parasagittal CBCT-scan 7 months post tHUCSL-Intralift. The ossification process is obviously completed.
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Figure 11: OPG with final prosthetic treatment after 11 months.

Figure 12: Case 2: presurgical condition in panoramic X-ray.

4. Discussion

The radiological results of the present study confirm the
experimental results published by Ortak et al. [7], Lundgren
et al. [8], and Srouji et al. [9, 10] in vivo and suggest
the Schneiderian membrane to be the primary carrier of
bone reformation in Sinus lift procedures providing the
necessary osteoprogenitor cells and humoral factors for bone
regeneration [9, 11].

Nevertheless a volume stable subantral filling material
is needed to stabilize the detached sinus membrane and
formation of a blood coagulum in the upmost position
to achieve sufficient augmentation heights and widths for
implant insertion but the success of Sinus lift procedures
does not seem to depend on the type of augmentation mate-
rial (autologous, heterologous, xenogenic, synthetic calcified
bone grafts) used. The results of this study proved a form
stable collagenous sponge to be sufficient in stabilizing the
sinus-membrane above the achieved subantral augmentation
volume as well as the resulting stable blood clot forming in
the collagenous sponge.

A general forensic drawback in using collagenous
sponges in subantral augmentation procedures might be the
inability to prove the successful Sinus lift immediately after
surgery since in an OPG, a radiolucent sponge can hardly
be detected (Figure 8(b) and 17(b)) and only verified by the
bone formation and calcification process after 3-4 months
(Figures 9 and 18) or at the time of implant insertion. To
establish such a subantral augmentation procedure would
call for mandatory radiopaque collagenous sponges to
enable radiographic verification but would possibly decrease
expenses for augmentation materials.

If the reduction of absolute augmentation height of
an average of 2 mm between the 4th and the 7th month
subsequent surgery could be prevented by the use of calcified
bone graft instead of a collagenous sponge still has to
be further investigated by a similar study protocol but
has to be taken into consideration in the daily routine to
prevent finally insufficient augmentation heights when using
radiopaque collagenous sponges. Compared to the results
of the surgical technique reported by Lundgren et. al. [8]
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Figure 13: Case 2: presurgical situation in transversal, paramedian sagittal and horizontal CBCT-scan.

Figure 14: Case 2: CBCT scan 4 months following tHUCSL-Intralift. The even circular centripetal calcification process can be observed.
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Figure 15: Case 2: CBCT scan 7 months after tHUCSL-Intralift: the completion of the calcification process except some smaller patches of
undermineralized areas can be observed.

Figure 16: Follow-up panoramic X-ray after completion of implant insertion and prosthetic treatment 12 months following tHUCSL-
Intralift.

the insertion of a collagenous sponge seems to have advan-
tages concerning more sufficient final augmentation heights.

Furthermore the results of this study suggest that after
an overall period of 7 months following minimal invasive
transcrestal Sinus lift, the calcification process of the aug-
mented subantral site seems to be completed in all cases

even at augmentation volumes of 2 ccm. Nevertheless this
healing duration might not be applicable to lateral approach
of sinus lift procedures or cases of iatrogenic puncture or
minor ruptures of the sinus-membrane due to a vaster
traumatization of the sinus-membrane and surgical site.
This probably might result in longer bone formation and



International Journal of Dentistry 11

(a) (b)

Figure 17: Case 3: presurgical (a) and immediate postsurgical (b) OPG: the collagenous sponge is almost not detectable. In this case the
tHUCSL-Intralift was performed paracrestally from the buccal side due to the insufficient old bridge in site.

(a) (b)

Figure 18: Case 3: transversal and parasagittal CBCT scan 4 months after tHUCSL-Intralift. The even circular centripetal calcification
process can be observed.

(a) (b)

Figure 19: Case 3: transversal and parasagittal CBCT scan 7 months following tHUCSL-Intralift. The ossification process is obviously
completed. A slim denser line on the antral floor marks the transition to the original alveolar crest.
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Figure 20: Case 3: panoramic X-ray after final prosthetic treatment after 11 months.

calcification duration due to healing processes and primary
repair of the traumatized tissue before the bone formation
and calcification process starts.

Finally the authors generally suggest to more rely on the
osteogenic potential of the periosteum [4–7] and minimal
invasive surgical techniques not only in Sinus lift procedures
than on grafting materials of various kinds.
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[12] S. Stübinger, C. Landes, O. Seitz, H. F. Zeilhofer, and R. Sader,
“Ultrasonic bone cutting in oral surgery: a review of 60 cases,”
Ultraschall in der Medizin, vol. 29, no. 1, pp. 66–71, 2008.

[13] A. Troedhan, A. Kurrek, and M. Wainwright, “Ultrasonic
piezotome surgery: is it a benefit for our patients and does
it extend surgery time? A retrospective comparative study on
the removal of 100 impacted mandibular 3rd molars,” Open
Journal of Stomatology, vol. 1, pp. 179–184, 2011.

[14] A. C. Troedhan, A. Kurrek, M. Wainwright, and S. Jank,
“Hydrodynamic ultrasonic sinus floor elevation—an exper-
imental study in sheep,” Journal of Oral and Maxillofacial
Surgery, vol. 68, no. 5, pp. 1125–1130, 2010.

[15] S. Jank, A. Kurrek, M. Wainwright, V. E. Bek, and A. Troedhan,
“Rupture length of the sinus membrane after 1.2 mm puncture
and surgical sinus elevation: an experimental animal cadaver
study,” Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology and Endodontology, vol. 112, no. 5, pp. 568–572,
2011.

[16] R. Velázquez-Cayón, M.-M. Romero-Ruiz, D. Torres-Lagares
et al., “Hydrodynamic ultrasonic maxillary sinus lift: review of
a new technique and presentation of a clinical case,” Medicina
Oral, Patologia Oral y Cirugia Bucal, vol. 17, no. 2, pp. 271–
275, 2012.

[17] M. Wainwright, A. Troedhan, and A. Kurrek, “The IntraLift: a
new minimal invasive ultrasonic technique for sinus grafting
procedures, implants,” International Journal of Implantology,
vol. 3, pp. 30–34, 2007.


