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Abstract. – OBJECTIVE: The purpose of 
this study was to investigate possible differ-
ences in the filling of the various recesses of 
the maxillary sinus after the procedure of sinus 
floor elevation in relation with the initial volume 
of the same and if the sinus volume can influ-
ence long-term graft dimensions, by using cone 
beam computed tomography (CBCT) as diag-
nostic analysis device.

PATIENTS AND METHODS: This study includ-
ed 32 sinuses corresponding to 16 patients re-
ferred for bilateral maxillary sinus augmentation 
procedures needing to increase the volume of 
the surgical site with the porcine cortical bone for 
dental implant placement in the posterior maxilla. 
The sinuses were analyzed by preoperative and 
postoperative (15 days and 6 months after sinus 
surgery) cone beam computed tomography.

RESULTS: No statistically significant relations 
were observed between initial sinus dimensions 
and the entity of the contraction of the graft be-
tween T1 (15 days after surgery) and T2 (180 
days after surgery). The behavior was the same 
either for the large sinus (> 15.65 cm3) and for 
the small one (< 15.65 cm3). Instead, about the 
filling of the various sinus recesses, a linear re-
gression model was used to explain the differ-
ence between the mean preoperative and post-
operative surgical spaces; in most of the sam-
ples, the filling of the anterior recess was ~15% 
of the total volume of the graft, i.e., the minor 
one among the main recesses.

CONCLUSIONS: Our findings suggest that: 
(1) in the procedure of sinus floor augmentation 
by a lateral approach with deproteinized por-
cine bone there are no relations between the ini-
tial dimensions of the sinus and the long-term 
dimensional changes of the graft, and (2) that, 
among the main recesses of the sinus, the ante-
rior one is generally the less filled.
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Introduction

The severe atrophy of the posterior area of the 
maxilla – which is a common consequence of a 
prolonged condition of edentulous, or rather of a 
history of trauma or pathology – may preclude the 
possibility of dental implants placement. Besides, 
the size of the maxillary sinus increases further, of-
ten extending in a large part of the alveolar process, 
leaving sometimes only an extremely thin bone wall 
on the lateral and occlusal sides1. Many different 
surgical protocols have been developed to recon-
struct the posterior maxilla when bone volume is 
insufficient. For some decades, sinus augmentation 
protocol performed using several bone substitutes 
has been proposed soft2 and hard tissues augmenta-
tion3-6. Nowadays several hard tissues augmentation 
procedures are available to create the ideal surgery 
space to an implant rehabilitation of these areas, 
and among these the more predictable and well 
documented is surely the sinus floor elevation tech-
nique1,7-9, with a lateral or trans-alveolar approach; 
the first one is preferred in all cases where the resid-
ual alveolar bone height is less than 5/6 mm in the 
maxillary posterior area10.

A surgery approach on the posterior maxilla 
requires, besides high skills, an accurate study of 
the sinus anatomy and of the details of the case 
(for example the septa), in order to avoid com-
plications and high postoperative morbility11-13. 
According to the literature, it is strongly recom-
mended an analysis of the sinus using computed 
tomography images, which only can supply the 
most information about the anatomy and possible 
pathologic conditions of the maxillary sinus and 
of the other paranasal sinuses. For this purpose, 
it is essential to require high coronal sections, 
which allow visualizing the ostium and its pa-
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tency14. In particular, in the last decade a new 
technique, the CBCT, has been proposed as an 
excellent and low-cost tool, also for its far less ra-
diation compared to a standard CT scan15-18. The 
high definition acquired images are indispensable 
in a study like this where there are millimeter and 
submillimeter reference values. The software as-
sociated can produce images on three orthogonal 
planes (axial, coronal, and sagittal), and ortho-
panoramic-like sections and 3D reconstructions, 
which is essential in an implantology study.

For this analysis CBCT images were used for a 
retrospective evaluation; the aim was to assess the 
volume of the sinus before and post sinus floor ele-
vation by a lateral access, to establish if the initial 
volume of the cavity can influence the healing and 
the integration, and so the contraction overtime, 
of the graft, and if there are differences of filling 
among the withdrawals of the sinus. Until now, 
few studies19,20 inquired the correlation between 
dimensions of the sinus and healing process of the 
graft. Among these, Kolerman et al19 and Soardi 
et al20, while nobody has investigated the non-uni-
form filling among the recesses of the sinus after 
its floor elevation. Comuzzi et al21 shows that in 
maxillary sinus augmentation with a lateral ap-
proach, xenogeneic bone substitutes of porcine or-
igin, combined or not with alloplastic graft mate-
rials, undergo a resorption pattern consisting of an 
early remodeling, followed by a phase of stability.

Patients and Methods 

The present study has been conducted in 
accordance with the principles and guidelines 
of the Declaration of Helsinki. The informed 
consent was obtained from all participants in-
cluded in the study. Sixteen adult patients need-
ing a bilateral sinus floor elevation for implant 
placement were enrolled in the study, for a 
total of 32 sinuses treated. They had precise 
characteristics:  non-smokers, with not relevant 
medical history, without parodontal diseases, 
and above all, with neither acute nor chronic 
sinusal and nasal pathologies. Their preopera-
tive pharmacologic therapy was:  amoxicillina 
875 mg and clavulanic acid 125 mg twice/day 
for 5 days, Argotone® nasal drops 3-4 drops/
day and Desametasone 0.75 mg 2 cpr/day both 
for 4 days from 2 days before surgery. Before 
surgery patients made a CBCT. All the surgical 
procedures were made under plexus anesthesia 
with articaine 1:100.000. The sinus floor eleva-

tion was performed as described by Tatum7, with 
a lateral bone antrostomy, removing the access 
bone traps. The graft material used was porcine 
cortical particulate bone with particle sizes of 
600 µm - 1,000 µm (OsteoBiol® Apatos®, Tec-
noss®, Giaveno, Italy) mixed with  venous blood 
of the patient or with sterile saline. In all cases a 
resorbable collagen membrane (Membrane Evo-
lution®, Tecnoss, Giaveno, Italy) was placed on 
the bone window and a no strain silk 3/0 suture 
of the edges was realized. Then the subjects con-
tinued an antibiotic therapy (amoxicillina and 
clauvulanic acid 1 g twice/day for 5 days), cor-
tisonic therapy (desametasone 0.75 mg 2 cpr/day 
for 4 days) and analgesic therapy (nimesulide 
100 mg if necessary). Argotone for 2 days after 
surgery, and an antibacterial mouthwash for 
oral hygiene. After 15 and 180 days the patients 
were sent to make another CBCT. Multislice CT 
images of the maxillary sinus were obtained by 
the software Syngo CT 2011 (Siemens, Munich, 
Germany) A VOLUME, measuring the total 
volume of the sinus and the dimensional changes 
of the graft material after 6 months. The method 
for the count of the sequential images was the 
sum of the areas. This method requires a hand 
boundary of the perimeter of the graft, using a 
mouse, on each of the image sections. This pro-
cedure was performed by an expert radiologist, 
calibrated with a Kappa index (k) of 0.79. For 
each slice, the software calculates the volume 
in the interested area in cm3, considering the 
thickness of the slice (Figure 1-3). The single 
volume of each slice is added to the one of the 
previous sections. When the graft is completely 
marked, the volumetric function of the software 
was activated, and the final result equals the to-
tal volume of the graft15. These procedures were 
realized for all the examinations from the first 
measurement of the sinus volume (T0) to those 
of the 15th (T1) and 180th days (T2) (Figure 2, 3).

Statistical Analysis
The statistical analysis to control the correla-

tion coefficient between the variables amount of 
the filling of the recesses on one hand, and the 
sinusal volume on the other one was made by the 
use of the Graph Pad Prism 5 (Graph Pad Soft-
ware Inc., San Diego, USA). The results were 
expressed as value ± standard deviation (DS). 
The groups of data were compared through the 
Two-way ANOVA analysis, followed by the 
multiple comparison through the Tukey’s test. 
p≤0.05 was considered statistically significant.
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Results

The data obtained from the samples (32 sinus) 
were employed to assess (1) the correlation be-
tween the volume of the sinus and  the osteogenic 

potential of the walls of the cavity (so the dimen-
sional changes of the graft overtime), and (2) the 
differences  of filling of the various recesses of 
the maxillary sinus after sinus floor elevation , 
and precisely the amount of filling of the anterior 

Figure 1. CT images of the maxillary sinus after regenerative procedure. A, coronal projection, (B) sagittal projection, (C) 
axial projection, (D) 3D reconstruction.

Figure 2. Multislice CT images of the maxillary sinus was obtained by the software Syngo CT 2011 A VOLUME, measuring 
the total volume of the sinus before sinus lifting.
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recess in regard to the total  volume of the graft. 
The statistical analysis used was based on the 
student t-test with linear regression and the cor-
relation of Pearson, regardless of age or gender. 

The dependent variables were the average of 
the total volume of the sinus at the (T0) vs. the 
average of the filling volume of the sinus with the 
graft at the (T1), precisely of its anterior recess, 
and after the filling at the (T2) compared to with 
of the (T1) to assess the  contraction of the graft. 
The average of the sinus volume was 15.65 cm3 
(σ± 3.44 cm3). The smallest sinus volume was 
9.59 cm3, and the largest one 19.87 cm3. 

I Part
About the differences of filling with cortical 

bone among the various recesses of the 32 sinuses 
analyzed, this study revealed statistically signif-
icant results.

In particular, the filling volume of the anterior 
recess was ~15% compared to the total volume of 
the graft; instead, the filling defect in the other 
areas, like the nasal and the lower area, has never 
been observed.

II Part
About the relation between the initial volume of 

the sinuses (small and large) and the dimensional 
changes of the graft noticed by the CBCT at day 
180th after the surgery compared with that one of 
day 15th after surgery, no statistically results were 
assessed; so it isn’t possible to state an influence 
of the dimensions of the sinus on the osteogenic 

potential of the same (and so on the contraction of 
the graft material overtime) (Figures 1-3).

Discussion

The results observed in this study can be 
compared with the results of a few other stud-
ies which analyzed the volume of the maxillary 
sinus filling after sinus floor elevation, and the 
distribution of this filling in the various recesses 
of this anatomical cavity in this surgery. Obvi-
ously, to be able to assess a study like this, as in 
all the maxillo-facial surgeries based on the use 
of the bone graft, it’s vital to count on a reliable 
and accurate method of analysis, like the CBCT 
able to ensure a good correlation between real 
measurements of the grafts’ volume and those of 
the software’s images. The study made by Koler-
man et al19 found, in a 17% of the samples, a poor 
osteogenesis which was correlated to very large 
sinuses, either in medio-lateral and in bucco-pal-
atal extension; in particular, it was suggested that 
probably, largest sinus could show a lower osteo-
genic potential, because of the excessive distance 
between the source of the osteogenic cells and the 
peripherical angiogenesis. Accordingly, they state 
that a bigger volume of the sinus corresponds to a 
major contraction of the graft material overtime, 
and to a slower new bone formation.

Also, Soardi et al20 found a correlation between 
the dimensions of the sinus cavity and the results 
obtained on histological evaluation on mineral-

Figure 3. Multislice CT images of the maxillary sinus was obtained by the software Syngo CT 2011 A VOLUME, measuring 
the total volume of the sinus after sinus lifting.
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ized bone graft used in the sinus floor elevation 
(in ridge < 2 mm); they used 15 mm distance be-
tween the bone ridge and the bucco-palatal walls 
as references; small sinus had 15 mm distance, 
while those large one a distance >15 mm. The 
results were that among the 15 sinuses classified 
as large, 2 of them required a longer integration 
time to be able to form an ideal amount of bone 
formation. 

Despite many studies7,20,22-27 were achieved in 
relation of the bone grafts’ stability used for the 
sinus floor elevation procedure, it is not yet well 
defined the role of the total volume of the sinus on 
the dimensional changes and on the characteris-
tics taken by the graft material overtime.

In particular, in this study the initial volume 
of 32 sinuses was compared to the volume of 
the graft material used in the sinus floor eleva-
tion procedure: the analysis aimed (1) to find a 
correlation between the initial dimension of the 
sinus and the new bone formation of the graft 
material, and (2) to state the volume of the filling 
of the anterior recess compared with the filling 
of the others. The volume of the sinus taken as 
reference was 15.65 cm3 (σ ± 3.44). The grafts 
radiographical aspect appeared uniform between 
right and left side.

The analysis of the samples showed statistical-
ly significant results concerning the differences in 
the recesses’ filling; in detail, the filling volume 
of the anterior recess corresponds to 15% of the 
total volume of the graft; instead, no defects of 
filling were ever observed in the nasal and inferi-
or area of the sinus. It was noticed that clinically 
the phase of the sinus membrane detachment was 
simple in all areas of the sinus cavity, so that the 
minor filling of the anterior recess cannot be re-
lated to defects or errors of the detachment of the 
sinus membrane in this area, but rather to the ex-
treme anatomical variability of the anterior recess 
and to its related difficult surgery management.

Instead, regarding the sinus initial volume 
influence on the contraction amount of the bone 
graft, this study produced results opposite to 
those of other authors previously mentioned; 
there is no evidence of this correlation.

Conclusions

There is no clinical evidence that assesses a 
real correlation between the volume of the sinus 
and the dimensional changes of the bone graft 
overtime. Instead, it was found that there are 

effective filling differences among the sinus re-
cesses after the procedure of sinus floor elevation. 
This could be related to the major difficulty to the 
surgery access in the anterior recess. There are 
usually no defects or errors in the detachment of 
the sinus membrane, so the minor filling of the 
anterior recess can’t be related to a surgical recess 
difficulty but rather to its extreme anatomical 
variability. 
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