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Maxillary sinus augmentation and
implants have frequently been used
for reconstruction of severely atro-
phied posterior maxillae. The surgical
technique was first documented by
Boyne and James1 and later modified
by others.2

Autogenous bone grafts are con-
sidered to be the gold standard,
because the presence of stem cells
and growth factors gives them osteoin-
ductive and osteoconductive proper-
ties.3 However, the harvesting of auto-
genous bone requires additional
surgery at a donor site, which may lead
to morbidity.4–8

Therefore, the use of bone substi-
tutes has attracted attention. A wide
variety of grafting materials have been
used to augment bone volume within
the sinus: demineralized freeze-dried
bone allografts (DFDBA),9–11

resorbable9–12 and nonresorbable
hydroxyapatite (HA),9–13 and
xenografts.14–16 It is not clear which is
the material of choice because most of
them seem to possess some negative
attributes.17,18

Recently, medical-grade calcium
sulfate hemihydrate (MGCSH) has
been proposed as a graft material for

Maxillary Sinus Augmentation 
Using Granular Calcium Sulfate
(Surgiplaster Sinus): Radiographic and
Histologic Study at 2 Years 

Renzo Guarnieri, DDS* 
Roberto Grassi, DDS, MS**
Maurizio Ripari, DDS, MS*** 
Gabriele Pecora, DDS, MS****

The main goal of sinus augmentation is the formation of vital bone to allow tissue
integration of endosseous implants to support prosthetic rehabilitation. The aim
of the present investigation was to evaluate the radiographic and histologic
results when granular medical-grade calcium sulfate hemihydrate was used as a
grafting material in sinuses. Forty implants plus grafting material were placed in
10 patients, representing 15 sinuses, using a one-stage technique. Radiographs
were taken prior to sinus augmentation, monthly until 6 months postoperatively, 
9 and 12 months after implant placement, and annually thereafter. Bone biopsies
were harvested from all patients for histologic and histomorphometric evaluation.
(Int J Periodontics Restorative Dent 2006;26:79–85.)

*Private Practice in Periodontology and Implant Dentistry, Vittorio Veneto (TV), Italy.
**Chair, Department of Periodontology, University of Bari, Italy.

***Chair, School of Oral Surgery, University of Rome La Sapienza, Rome, Italy.
****Private Practice in Implant Dentistry, Rome, Italy. 

Correspondence to: Dr Gabriele Pecora, via B. Gozzoli, 34 Q Int. 19, 00142, Rome,
Italy; fax: +39-06-51963713; e-mail: gabriele.pecora@tiscali.it. 

79

Volume 26, Number 1, 2006



sinus augmentation.19,20 The major
concern that emanated from initial
experiences with MGCSH was related
to fast resorption of grafted material
when used in a cementum-like consis-
tency and to “shrinkage” of masses,
seen radiographically.19 Successful
studies, which used prehardened cal-
cium sulfate,21,22 have demonstrated
that if used in a putty consistency with-
out voids, the material showed a
slower resorption trend and a reduc-
tion of “shrinkage” process with bet-
ter clinical results. 

The present paper reports the
radiographic and histologic data of
10 patients treated with granular 
prehardened calcium sulfate as a
grafting material for maxillary sinus
augmentation. 

Method and materials

The following selection criteria were
adopted for patient inclusion in the
study: 

1. Absence of significant risk factors 
2. Absence of sinus cyst or ongoing

sinusitis 
3. Presence of unilateral or bilateral

maxillary edentulism involving at
least the first and second molars,
with a residual alveolar ridge
height (distance between the
crest of alveolar ridge and the
floor of the maxil lary sinus)
between 4 and 8 mm 

A thorough presurgical evaluation,
which included the study of mounted
diagnostic casts and a diagnostic
waxup, was carried out. The radio-
graphic examination included both
intraoral radiographs and computer-
ized tomography. 

Preoperative medication con-
sisted of antibiotic coverage with
amoxicillin and clavulanic acid (Neo
Duplamox, Procter & Gamble; 1 g
twice a day, starting 1 day prior to
surgery and continuing until 8 days
postsurgery). At the time of surgery,
patients were asked to rinse with
0.12% chlorhexidine gluconate
(Parodontovax 012, Stafford Miller),
and this was continued twice a day for
14 days after the operation. 

In all patients (six women and four
men, mean age 57 ± 3 years), at least
4 mm of crestal bone was present for
obtaining primary stability. Forty
implants (Biolok) were placed in 15
sinuses at the same time as the graft-
ing procedure. 

The surgical procedures were car-
ried out essentially as described by
Boyne and James,1 with minor modi-
fications. After the incisions were
made, a full-thickness flap was raised,
a rectangular osteotomy was made in
the lateral wall of the sinus, and the
bony window was infractured. The
sinus mucosa was carefully lifted to
create space for placement of graft
material and implants; the bony win-
dow was left attached to the mucosa
with the intent of using it as a part of a
new sinus floor (Fig 1). 

After membrane elevation, sterile
granular MGCSH (Surgiplaster Sinus,
ClassImplant) was placed in the sinus
filling area to receive implants. After
the grafting procedure was completed
in the inner portion of the sinus, the
implants were placed (Fig 2). The graft-
ing material was packed successively,
layer by layer, in the rest of the area,
and finally a layer of MGCSH with the
consistency of cementum was stratified
and hardened with a fast-set solution
(Fig 3). After 6 months, during a sec-
ond surgical phase, bone biopsies
were obtained. 

In all patients, radiographs were
obtained using a personalized stent
prior to sinus augmentation, monthly
until 6 months postoperatively, 9 and
12 months after implant placement,
and annually thereafter. The following
distances were measured on radio-
graphs (Fig 4): 

• D—distance between crestal
bone and sinus floor at baseline 

• D1—distance between crestal
bone and postaugmentation
sinus floor immediately after aug-
mentation procedure 

• D2—distance between crestal
bone and postaugmentation
sinus floor 6 months after aug-
mentation procedure 

• D3—distance between crestal
bone (CB) and postaugmentation
sinus floor (AF) at 2 years
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Histologic and 
histomorphometric procedures 

The specimens, which were harvested
from previously existing bone in the
sinuses, were fixed for 2 weeks in 4%
neutral formalin and then rinsed with
tap water. After being dehydrated in
alcohol, they were embedded in gly-
colmethacrylate without decalcifica-
tion. Serial vertical sections were cut at
20 µm and stained with hematoxylin
and eosin, toluidine blue, and von

Kossa. The ground sections were ana-
lyzed in a Zeiss Axioskop (Carl Zeiss),
and the area fraction percentage of
each component was measured auto-
matically with Kontron KS 300 soft-
ware (Kontron Electronics). 

The following morphometric mea-
surements were made: (1) total speci-
men area (in square millimeters); (2)
areas of immature and lamellar bone,
respectively (%); and (3) area of grafted
MGCSH (in square millimeters). 
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Fig 4 (right) Radiographic measurements taken during the
study. D = distance between crestal bone and sinus floor at base-
line; D1 = distance between crestal bone and postaugmentation
sinus floor immediately after augmentation procedure; D2 = dis-
tance between crestal bone and postaugmentation sinus floor 6
months after augmentation procedure; D3 = distance between
crestal bone and postaugmentation sinus floor at 2 years.

D1
D2
D3 D

Fig 1 A bony window is opened in the lat-
eral wall of sinus, and the sinus membrane
is elevated. 

Fig 2 Granular calcium sulfate is placed in
the sinus filling area to receive implants. 

Fig 3 Calcium sulfate with a consistency
of cementum is stratified and hardened with
fast-set solution. 



Results

The graft material showed a centripetal
resorption trend that was generally
detectable on the 2-month radio-
graphs. On the 4-month radiographs,
a new trabecular design that started
from the periphery of the grafted area
became generally visible. Between 5
and 6 months postsurgery, the grafted
material became radiographically invis-
ible and the grafted area showed a
new irregular trabecular design (Figs 5a
to 5c and 6a to 6c).

The mean value for D was 6.5 mm
(± 1.2), the mean value for D1 was 16.5
mm (± 0.5), and the mean value for
both D2 and D3 was 14.5 mm (± 1.0).
The volume of grafted material
showed an average reduction of 2
mm2 (range, 1.0 to 3.5 mm2). 

Histologic findings

Normal, vital trabecular bone with
woven and lamellar structure was
found in all the examined sections. 

No inorganic or foreign substances
were detectable in bone or marrow,
which was adipose with normal blood
vessels (Figs 7 to 9). The morphomet-
ric measurements showed that the
total specimen area varied from 7.34 to
20.6 mm2, with a mean area of 11 ± 5.4
mm2. The mean area of trabecular
bone was 52.76% ± 16.33% (range,
38% to 82%). 
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Fig 5a Immediately following surgery. Fig 5b Four months after surgery. The
graft material is no longer detectable.

Fig 5c Two years after surgery. The new
sinus floor is visible.

Fig 6a Immediately following surgery. Fig 6b Four months after surgery. The
graft material is almost undetectable.

Fig 6c Two years after surgery. The new
sinus floor is visible.



Discussion 

The presence of reactive bone tissue
that is able to undergo a sustained
state of remodeling is necessary to
maintain the osseointegration of
implants over time.23 Furthermore, it
has been said that an ideal bone sub-
stitute should have the following char-
acteristics: it should be biocompatible
and bioresorbable; it should have
osteoconductive or osteoinductive
properties; and it should be replaced
by newly formed bone.24 The data pre-
sented in the literature suggest that all
the bone substitutes have positive and
negative attributes.17,18,24

DFDBA has been used for sinus
augmentation by several authors, who
have reported good clinical
results.13–25 In contrast, other authors
have reported that DFDBA showed
no evidence of new formation of lamel-
lar bone at its surface.26–28

Nishibori and coworkers18 sug-
gested that DFDBA particles within
the sinus may undergo a remodeling
process, possibly compromising bone
quality and quantity. Some other
authors have noted that nonresorbable

eosinophilic substance.21 From the lit-
erature, the role of this amorphous sub-
stance is not clear. It seems to be iden-
tified as a calcium phosphate “trellis,”
left by the resorption process, that may
act as an osteoconductive scaffold.20

The first clinical studies performed
with calcium sulfate as a graft material
in sinus augmentation showed a trend
toward fast resorption of the material
and pronounced contraction of the
grafted mass.19 The shrinkage of the
material during the resorption process
caused a decrease in the volume of
regenerated bone compared to the
volume of the graft. However, studies
performed with prehardened calcium
sulfate showed that when the material
is used in a solid consistency, without
voids, less contraction of grafted mate-
rial occurs during the resorption
process.21,22

A quantitative comparison
between the histomorphometric data
of the present study and those found
in other studies should be done with
caution, because several factors may
affect the results. Wheeler and cowork-
ers35 reported on 36 sinuses that had
been grafted with different materials.

HA could be unsatisfactory for bone
augmentation because it does not
integrate with the implants12–29 and
because it is only osteoconductive, not
osteoinductive.30

Another kind of graft material
used in sinus lift procedures is repre-
sented by xenogenic bone substitutes.
Bovine apatite (BH) has been used in
experimental animal studies14,31,32 and
in humans.16,33,34 The major contro-
versy about this material is its resorp-
tion time. Some publications have
found histologic evidence indicating
resorption,33,34 but others described
resorption that would be established in
humans only after a lapse of 1 to 5
years.15

The histologic data of the present
study suggest that calcium sulfate
undergoes complete resorption within
the sinus; this seems to develop
through the formation of an amor-
phous substance (histologically
detectable via a high calcium ion con-
tent) that was found near the bone tra-
beculae. This is in agreement with the
results of other studies in humans that
found, in the specimens examined, a
high percentage of this amorphous
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Fig 7 Trabecular bone with woven and
lamellar structure; no foreign substances are
present (hematoxylin and eosin; original
magnification �5). 

Fig 8 Bone trabeculae specifically colored
to reveal calcium content (von Kossa; origi-
nal magnification �20). 

Fig 9 Osteon formation is apparent, con-
firming the ongoing bone remodeling
process (toluidine blue; original magnifica-
tion �63).



Grafts that used porous HA alone pro-
duced an average of 16.38% bone by
volume after 6 months; after the same
duration of healing, combined HA/iliac
bone grafts yielded an average of
19.30% bone volume, and 11.30%
bone volume was produced by a graft
of HA combined with intraorally har-
vested bone.

Histomorphometric data pre-
sented by Froum and coworkers36

showed a mean vital bone formation
6 to 9 months after sinus augmentation
that was 14.2% for BH alone, 19.7% for
BH combined with DFDBA, 27.1% for
BH associated with autogenous bone,
and 27.8% when DFDBA was added
to the mixture of BH and autogenous
bone. A more recent paper presented
the results of sinus floor elevation using
BH associated with autogenous bone
and fibrin glue.34 The morphometric
measurements showed that the spec-
imen area was occupied by lamellar
bone (21.2% ± 24.5%), immature bone
(10.2% ± 13.4%), BH (14.5% ± 10.3%),
and fibrous connective tissue (54.1% ±
12.6%). The authors identified a total
of 252 BH particles, 116 of which were
encapsulated by fibrous connective
tissue. The histologic data of the 
present study showed no connective
tissue in all the examined specimens.
This difference may be related to the
biopsy technique. In the present study,
the specimens were taken vertically
inside the previously existing sinus
area, while in the previously mentioned
study, the biopsies were performed in
the periphery of the augmented area,
where ingrowth from adjacent soft tis-
sues may have occurred. 

Long-term trials are obviously
needed to evaluate the clinical use of
granular MGCSH for sinus floor aug-
mentation, but the results of the 
present study are an encouraging step
toward the final goal of achieving for-
mation of 100% living bone surround-
ing dental implants. 

Conclusion 

The present study supports the use of
sterile granular MGCSH (Surgiplaster
Sinus) as a bone substitute in maxillary
sinus floor augmentation. When used
as graft material in the sinus lift proce-
dure, MGCSH may lead to appropriate
osseointegration of dental implants
and can be used to create adequate
bone volume before implant place-
ment. The material undergoes com-
plete resorption, allowing grafted
areas to be replaced by 100% living
bone. 
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