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ABSTRACT
Aim Implant rehabilitation has become a very reliable and safe
procedure. However, in some cases, a small amount of bone could
make implant surgery extremely difficult or even impossible.
Hence, a surgical technique to augment sinus floor has been
developed and improved. Nevertheless, there is still controversy
over the use of a membrane over the osteotomy window.
Therefore, the aim of this study was to investigate whether the use
of a membrane could be beneficial in sinus floor augmentation.
Materials and methods A group of 12 patients requiring sinus
floor lift were recruited. The patients were randomly allocated to
either control group (membrane) or test group (no membrane)
and only one sinus for patient was augmented. After 6 months,
a bone biopsy was harvested from the lateral window to be
processed for histological analysis.
Results The mean amount of newly formed bone in test group
was 28.0±19.5%, the connective tissue accounted for a mean
value of 59.2±15.6%, while 12.8±12.6% was the amount of
residual graft particles. In the membrane group the newly
formed bone counted for a mean value of 30.4±15.8%, the mean
quantity of connective tissue was 50.3±18.9% and about residual
graft particles a mean value of 18.2±20.4% was registered.
Conclusion According to our data, the use of a membrane over
the lateral bone wall in sinus lift surgery does not significantly
influence healing. However, the membrane could influence the
residual particles resorption rate as well as soft tissue ingrowth.

Keywords Sinus; Floor; Augmentation; Lift; Membrane;
Xenograft.

Introduction
Following tooth extraction, alveolar ridge undergoes
marked changes both in width and in height (1). This
could make the prosthetic implant rehabilitation
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extremely hard for the oral surgeon, especially in
posterior maxillary regions in which great care must be
taken to avoid maxillary sinus lesions (2).
In order to overcome this problem, in the ‘80s some authors
described different methods for bone augmentation of
the sinus floor (3, 4) and since the modified Cadwell-Luc
technique by Tatum (1986), several modifications have
been proposed in the literature (5, 6, 7, 8).
Regarding graft materials, autologous bone and bone
substitutes are the two types of available materials with
the strongest literature support in sinus augmentation.
However, there is not a clear evidence on the superiority
of one over the other (9, 10). In fact, autologous bone
grafts have excellent osteoinductive, osteoconductive
and osteogenic properties, but also some limitations such
as graft availability, risk of infection, the possibility of
morbidity of the donor site, sensitivity disturbances and
unpredictable resorption rate (11, 12, 13). On the other
hand, bone substitutes such as bovine bone and porcine
bone, seem to fulfill many of the properties of autologous
bone (e.g. remarkable osteoconductivity and ability to
allow revascularization) without having its disadvantages
(14, 32), thereby gaining clinicians’ attention. Very
interesting results have been obtained also with a mix
of autologous bone and bone substitutes in different
ratio in sinus augmentation procedures (15). Moreover,
in the literature, the need of a membrane as a barrier
over the osteotomy window is still controversial and
difficult to analyze due to the different protocols used
in the studies. Some authors described a better implant
survival rate in patients whose osteotomy windows were
covered by a membrane as compared to patients whose
lateral wall defects were left uncovered (16), whilst other
studies did not find such evidence reporting that implant
survival rate is influenced by many factors, but not by the
presence of a membrane lying over the lateral window
(17). In addition, according to some authors, the presence
of a membrane covering the access to the maxillary sinus
would guarantee a better healing, especially in terms of
higher percentage of trabecular bone volume (18), higher
vital bone formation (19) and prevention of soft tissue
encleftation (20). Conversely, there is some evidence
claiming that the use of membrane does not improve
implant survival rate and mean mineralized volume, but
causes a decrease in mean osteoid volume (21). Finally,
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the possible exclusion of the vascular supply from the
healing area is the main criticism arisen from the use of
a membrane over the lateral window in maxillary sinus
augmentation procedures.
Therefore, the aim of the present study was to investigate
whether a resorbable membrane could be advantageously
used for a better healing after sinus floor lift procedures
via a lateral approach.

MATERIALs AND METHODS
Patients who could benefit from a maxillary sinus
augmentation procedure, who had a residual bone height
under the maxillary sinus lower than 5 mm and who were
18 years or older and able to sign an informed consent
form were eligible for inclusion in the trial. Patients were
not included in the study if any of the following exclusion
criteria were present: systemic medical contraindications
to implant surgery; history of irradiation in the head
and neck area; poor oral hygiene and motivation;
uncontrolled diabetes; current pregnancy and lactation;
acute or chronic pathologies of the maxillary sinuses;
smoking more than 20 cigarettes per day.
Ethical committee of Versilia Hospital, Lido di Camaiore
(Italy) approved the study. Patients who were referred
to the Versilia Hospital from April 2009 to January 2010,
were asked to participate in the present study. All patients
received thorough explanations and were requested to fill
a written informed consent form prior to being enrolled
in the trial. After the informed consent was signed, all
patients underwent at least one session of oral hygiene
prior to the augmentation procedures to provide an oral
environment more favorable to wound healing. Each case

was accurately evaluated examining diagnostic casts to
assess the inter-arch relationship; moreover, panoramic
radiographs and computed tomography were taken.
Maxillary sinuses were allocated to either a control
(membrane) or test (no membrane) group using a
computerized random allocation process. Only one
maxillary sinus was elevated for each patient.
A computer generated restricted randomization list was
created. Only one (PT) of the investigators, not involved
in the selection and treatment of the patients, was aware
of the randomization sequence and could have access
to the randomization list. The randomized codes were
enclosed in sequentially numbered, identical, opaque,
and sealed envelopes. All patients received prophylactic
antibiotic therapy of 2 g of amoxicillin (or clindamycin
600 mg if allergic to penicillins) and 4 mg dexamethasone
1 h before the augmentation procedure and continued to
take the antibiotic postoperatively, 1 g amoxicillin (or 300
mg clindamycin) twice a day for 7 days. All patients rinsed
for 1 min with chlorhexidine mouthwash 0.2% prior to
the surgery (and twice a day for the following 3 weeks),
and were treated under local anesthesia using lidocaine
with adrenaline 1 : 50,000. All surgeries were undertaken
by the surgeons (A.B. and U.C.) and their surgical teams.
All the patients were treated with the same surgical
technique consisting of sinus floor augmentation via a
lateral approach (22).
Briefly, a mucoperiosteal flap was elevated exposing the
lateral bone wall of the maxillary sinus, a modification
of the conventional lateral wall approach was used to
perform the osteotomy to access the sinus membrane
(23) (Fig. 1, 2). A bone scraper (Safe scraper®; Meta corp.
Reggio Emilia, Italy) was used to harvest autologous
cortical bone and to reduce the lateral bone thickness,

fig. 1 Direct view of the osteotomy window in a patient belonging to the test group. fig. 2 Lateral bone wall at osteotomy. fig.3 Graft procedure.

fig. 4 Grafting. fig. 5 At the end of grafting. fig. 6 After placing the resorbable collagen membrane.
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allowing an easy access to the sinus membrane with
ultrasound (Piezosurgery, Mectron, Genova, Italy).
Subsequently, large flat curettes were used to raise
the sinus membrane exposing the sinus bone wall up
to the medial wall. Once the sinus membranes were
elevated, all the sinuses were grafted with a mixture of
autogenous bone, harvested from the lateral bone wall,
and collagenated corticocancellous porcine bone (MP3®;
Osteobiol-Tecnoss, Coazze - TO, Italy) (Fig. 3, 4) in a 1:1
ratio. After maxillary sinus grafting, the randomization
envelope was opened and indicated to the blindfolded
surgeons to include the sinus as a test or a control site
according to the randomization list. As a result, the
treatment allocation was concealed to the investigators
who were involved in enrolling and treating the patients.
Sinuses in the test group did not receive any membranes
over the osteotomy window (Fig. 5), while sinuses in the
control group were covered with a reabsorbable collagen
membrane (Evolution®; Osteobiol-Tecnoss) (Fig. 6). The
mucoperiosteal flaps were sutured with 3-0 reabsorbable
sutures. Patients were instructed to continue with
prophylactic antibiotic therapy, and naproxen sodium
550 mg tablets were prescribed as an anti-inflammatory
to be taken twice a day as long as required. Removable
prosthesis, if present, was not permitted for use until
they had been adjusted and refitted no sooner than
3 weeks after surgery. Patients were instructed to
avoid blowing their nose and advised to administer
corticosteroids, nasal drops, three times a day in both
nasal cavities for 4 weeks. Patients were seen 1 week
after surgery for suture removal and thereafter for
regular follow-up visits. After 6 months of graft healing,
radiographic examinations (orthopantomography and CT
scan) were taken to evaluate the outcome of the surgical
procedure. Immediately prior to the implant placement,
at least one bone biopsy from each augmented maxillary
sinus was harvested from the lateral window, using a
trephine bur with an inner diameter of 2 mm and an
outer diameter of 3 mm. Lateral window was identified
by the surgeon observing the healed area in comparison
with the surrounding bone. After fixation, the bone
samples were forwarded to the Institute of Biomedicine,
Sahlgrenska Academy Gothenburg University (Sweden)
for histological examination. After the retrieval, the
functional implants were inserted in the augmented
maxillary sinuses.
The following outcome evaluations were considered in
this study.
1. Surgical complications during maxillary sinus
augmentation procedures, in particular, hemorrhage
during lateral bone wall osteotomy or perforations of
the sinus membrane.
2. Dimensions of osteotomy windows to access the
sinuses were evaluated such as bony window length
(L), bony window height (H), and lateral bone wall
thickness (T).
3. Early or late postoperative complications such as
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wound dehiscence and acute/chronic sinusitis.
4. Histomorphometric parameters such as trabecular
bone volume, soft tissues, and residual graft particles
percentages.

Specimen processing and analysis

Specimens were decalcified in EDTA (15%) for a period
of 2 weeks. Specimens were again X-rayed to verify the
decalcification procedure. After dehydratation in graded
series of ethanol, the specimens were embedded in
paraffin, sectioned (3–5 μm sections), and stained with
hematoxyline and eosine and modified Mallory aniline
blue. Examinations were performed in a Nikon Eclipse 80i
microscope (Teknooptik AB, Huddinge, Sweden) equipped
with an easy image 2000 system (Teknooptik AB) using
X1.0 to X40 objectives for descriptive evaluation and
morphometrical measurements. Histomorphometric
measurements were performed in order to calculate the
percentages (i.e., area fraction) of mineralized bone,
residual graft materials, and soft tissue components (i.e.,
connective tissue and/or bone marrow) 6 months after
the sinus augmentation procedure. All measurements
were determined by point counting directly in the light
microscope, using an optically superimposed eyepiece
test square grid (distance between 6 ¥ 6 test lines ¼ 255
mm) at a magnification of 160 X. The number of points
of intersection between the test lines and the outlines
of mineralized bone, bone substitute particles, and non
mineralized tissue were recorded.

Statistical analysis

The Mann–Whitney nonparametric test was used for
comparing the differences between the two groups.
Statistical significance was set at 5%.

RESULTS
A total of 15 patients were assessed for eligibility for
the study; 3 patients were excluded for not having met
the inclusion criteria. Going into detail, one patient
was being treated with oral bisphosphonate, another
patient showed signs of chronic sinusitis, while the last
one excluded presented a very thin lateral bone wall
that would make the harvest of the bone impossible.
As a consequence, 12 patients, 4 females and 8 males
with an average age of 59.1 years, were recruited and
randomly allocated to the two study groups: 6 patients
in the test group (no membrane) and 6 patients to
the control group (with membrane) (Table 1). Only a
maxillary sinus was augmented. None of the patients
left the study for the following 6 months of follow-up,
which means, in this case, the period of time from the
augmentation surgery to implant placement. For each
patient the healing phase was uneventful, except for a
patient who presented a mild hematoma which resolved
spontaneously.
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Assessed for eligibility (n=lS)

Excluded (n=3)
- not meeting inclusion criteria (n=2)
- other reason (n=1, lateral wall extremely thin)

Patients randomized (n=12)

Analysed patients
belonging to
the test group (n=6)

Analysed patients
belonging to
control group (n=6)

tabLE 1 Flow diagram showing the recruitment and randomization of
patients.

The mean dimensions of the lateral window were similar
in both groups. In the non-membrane group (test group)
the mean height (H) was 10.0±1.3 mm, the mean length
(L) was 18.1±1.6 mm while the mean bone wall thickness
was 0.7±0.2 mm; in the membrane group (control) the
mean height was 9.8±1.2 mm, the mean length was
17.7±1.8 mm while 0.6±0.5 mm was the mean bone wall
thickness (Table 2).
As far as the histological examination is concerned,
newly formed bone, connective tissue and osteoblasts
were detected around graft particles in both groups
(Fig. 7, 8). In addition, in the analyzed specimens the
presence of osteoclasts close to the grafted material
was observed.
Moreover the histomorphometric measures showed
that in the membrane group, the mean amount of
newly formed bone was 30.4±15.8% (median 28.2%),
the connective tissue counted for a mean value of
50.3±18.9% (median 46.7%), while 18.2±20.4% (median
8.8%) was the amount of residual graft particles; on the
other hand, in the non-membrane group, 28.0±19.5%
(median 17.3%) was the mean amount of newly formed
bone, the mean quantity of connective tissue was
59.2±15.6% (median 50.8%) and about residual graft
particles a mean value of 12.8±12.6% (median 17.1%) was
registered (Table 3). This data show that no significant
difference was detected in the histomorphometrical
evaluation between the two groups (p=0,85).

Clinical parameters
Osteotomy window length(L)
Osteotomy window height (H)
Lateral bone wall width

18

Test group (no membrane)
(mean ± SD)
18.1 ± 1.6 mm
10.0 ± 1.3 mm
0.7 ± 0.2 mm

fig. 7 Histologic section of a biopsy taken from the control group 6
months after augmentation. Corticocancellous porcine bone particles are
surrounded by woven bone. The marrow spaces are rich in cells and blood
vessels. Magnification: bar = 100 µm

fig. 8 Histologic section of a biopsy taken from the test group 6 months
after augmentation. Residual porcine bone particles were covered with new
bone, showing ongoing bone formation, i.e., osteoblastic seams. The soft
tissues were without signs of inflammation and showing a high density of
newly formed vessels. Magnification: bar = 100 µm.

DISCUSSION
The aim of this study was to assess whether covering the
lateral window with a reabsorbable collagenous barrier
membrane during augmentation of the maxillary sinus

Control Group (membrane)
(mean ± SD)
17.7 ± 1.8 mm
9.8 ± 1.2 mm
0.6 ± 0.5 mm

tabLE 2 Clinical parameters (mean
±standard deviation) in test group
and in control group.
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Histomorphometric
measures
Newly formed bone
Connective Tissue
Residual graft particles

Test Group (no membrane)
(mean + SD, %) (median, %)
28.0 ± 19.5% (17.3%)
59.2 ± 15.6% (50.8%)
12.8 ± 12.6% (17.1%)

floor with a mixture of porcine bone and autologous
bone in 1:1 ratio is beneficial for bone regeneration.
Considerable controversy exists regarding the use of
membrane in terms of benefits to implant survival and
treatment success. Some researchers found no differences
in implant survival rates between membrane covered and
uncovered groups(17,24), while others reported higher
implant survival rates when the lateral walls is covered
by a membrane(16,19,25). However, as stated previously,
a direct comparison among different studies is extremely
hard due to the multiplicity of used protocols.
Moreover, some authors stated that an unfavorable
healing is obtained if a sinus lift surgery is performed
without covering the lateral wall with a membrane(26).
Indeed, the main adverse consequence of non using
a membrane is the graft particle displacement and the
encleftation (i.e. the proliferation of connective tissue
into the sinus cavity), which would hamper the new bone
formation thereby ensuring a minor bone to implant
contact due to a minor amount of osseointegration.
Our data showed that the mean amount of newly formed
bone was 30.4±15.8% for the patients whose lateral
wall was covered with a membrane, whilst in the nonmembrane group the mean amount of newly formed bone
was 28.0±19.5%. As far as the amount of connective
tissue is concerned, we found that in the membrane group
it counted for a mean value of 50.3±18.9%, while in the
test group the mean amount was 59.2±15.6%. Finally,
about residual graft particles, we registered in the nonmembrane group a value of 12.8±12.6% and on the other
hand in the membrane group a value of 18.2±20.4%.
These data are not statistically significant because of the
small number of patients recruited but, despite it, they
underline a trend which shows a little influence of the
membrane upon the formation of new bone. However, the
lack of a membrane seems to lead to a higher soft tissues
penetration in the lateral bone defect, thereby facilitating
a major resorption of the residual graft particles.
In addition, the results of the histomorphometric
evaluation could be influenced by the harvest technique
of the bone biopsy (i.e from the lateral bone wall or from
the bone crest) (27) and this could explain the great
heterogeneity of observed data in the literature.
Regarding the membrane, some authors compared the
use of a resorbable collagen membrane with the use
of a resorbable PRF membrane, finding no substantial
differences in terms of better healing and/or amount
of vital bone formation (27). A recent study in dogs
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Control Group (membrane)
(mean + SD, %) (median, %)
30.4 ± 15.8% (28.2%)
50.3 ± 18.9% (46.7%)
18.2 ± 20.4% (8.8%)

tabLE 3 Histomorphometric
measurements showing the mean
values and variations in the test
and the control group.

compared the effectiveness of a membrane employed in
two different ways. In one study group, the membrane
was placed over the lateral bone window while in the
other group (experimental) it was placed at the areas
of the lateral osteotomy window, extending over the
apex of implants to the posterior bone wall. The authors
found that 24 weeks after implant placement, in the
experimental group the amount of lamellar bone had
increased and the biomaterial particles were significantly
fewer, claiming that the pressure of the Schneider’s
membrane could play a key role in bone resorption (28).
Many papers analyzed the resorption of graft material,
showing that an important amount of graft particles
could be found in patients’ augmented maxillary sinus
even after 11 years (29, 30). However, porcine-derived
bone has a slightly higher resorption rate as confirmed by
our data and by other studies (31, 33). This study found
no difference in vital bone formation between membrane
covered and uncovered group, contrasting with Tarnow
et al. (19), who found a higher amount of vital bone in
sites covered with membrane with respect to sites left
uncovered. In our opinion, data emerging from this study
can be explained in part with a lack of revascularization in
the area of the membrane. In fact, branches of maxillary
artery, which are the main source of blood for the maxillary
bone, are included in the elevated flap and, during its
repositioning, blood supply may not be able to reabsorb
the grafted material; this could explain the higher value
of residual graft particles found in the membrane group.
On the other hand, membrane could prevent soft tissues
from leaking into the grafted area, allowing a major bone
formation to occur without soft tissues interference.

CONCLUSION
Although further studies with strict and accepted
protocols are needed in order to improve our knowledge
on bone regeneration and sinus lift augmentation,
data emerging from this study show that the use of a
membrane does not substantially improve the healing
of the surgical area, yet highlighting a higher amount
of graft particles resorption and amount of connective
tissue in uncovered areas as compared to covered ones.
In the end, our study has several strengths such as
a very rigorous protocol ensuring no bias during the
randomization procedure, the results analysis and during
the harvest of bone biopsies. This work has also some
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limitations such as paucity of sample size who could
have been the reason of a low significance of our results.
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