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Introduction

When there is increased pneumatisation of the
maxillary sinus various surgical lifting tech-
niques of the maxillary sinus floor lift are re-
quired. 
These techniques involve filling part of the max-
illary sinus with biocompatible material which,
after some months, due to reabsorption and re-
modelling processes are transformed into bone,
resulting in adequate bone volume for implant-
prosthesis.
When large cavity fillings are required, it is gen-
erally necessary to resort to vestibular approach-

es to the maxillary sinus.
The crestal approach is increasingly employed
where small quantities of biomaterial are re-
quired to fill the sinus cavity. In these cases it is
generally possible to insert the implants immedi-
ately. These ‘mini lifts’ are therefore advisable
when the initial osseous thickness is between 5
and 6 millimetres (1).  
Over the years, numerous maxillary sinus lift
techniques using a crestal approach have been
described in the literature (2). 
A transcrestal hydraulic lift technique, recently
proposed, has been used in this study. A special-
ly made injector, named ML, linked to a micro-
metric piston, named ML easy, allows for the el-
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SUMMARY
Purpose. In the context of the transcrestal maxillary sinus lift a wide variety of biomaterials have been used to fill the sub-
antral space over the years. In this study, two types of biomaterials were used in order to fill the maxillary sinus: a nano-
crystallized hydroxyapatite in an aqueous solution and a micronized heterologous bone in a collagen matrix. 
Materials and methods. The surgical procedures were designed and carried out using computer-guided surgery. The fill-
ing volume obtained was measured with a comparative software program.
Results. A ≥ 6 millimeter augmentation of osseous volume was obtained. This result is comparable to those obtained in
lifts where conventional techniques were applied. The technique used was very precise and the difference between the
projected and clinical outcome of the implant position had an average of less than 0.3 millimeters. 
Conclusions. This technique allows for the surgery to be performed in a way which is both minimally traumatic and inva-
sive, and represents a viable alternative to those surgical techniques for crestal sinus lift currently in use.
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evation of the membrane and the filling of the si-
nus cavity simultaneously (3, 4).
One of the most frequent reasons for failure dur-
ing a maxillary sinus floor lift operation is con-
nected to the possibility of a rupture of the
Schneiderian membrane which, if lacerated, can-
not perform the function of graft containment.
For this reason, it is important to choose smooth
biomaterials in order to avoid damaging the
membrane (2-4).
In order to reduce the incidence of complica-
tions, it is necessary to cut the hard tissue with
extreme accuracy, and as little trauma as possi-
ble, while saving the soft tissue.
The precision of pre-operation measurements
obtained through endoral X-rays, dental-scans
and cone-beam CT allows us to approach and cut
the sinus cortical floor with delicacy. 
With the advent of computer-guided surgery, it is
possible to design and carry out   minimally trau-
matic and invasive procedures that allow for the
filling of the maxillary sinus via a crestal ap-
proach, which is precisely calibrated, thus re-
ducing the risk of failure (5-10).
In this study, using a fluido-dynamic technique
of transcrestal maxillary sinus lift performed
with the aid of computer guided surgery, two dif-
ferent biomaterials in two different clinical cas-
es are used: a nano-crystallized hydroxyapatite
in an aqueous solution and a micronized heterol-
ogous bone in a collagen matrix.
The cortical of the maxillary sinus is reduced
through the use of calibrated burs and a profiler
so as to obtain a hole that enables both access to
the maxillary sinus and, subsequently, the lifting
of the Schneiderian membrane. 
In order to facilitate the detachment of the mem-
brane, a gel form of hyaluronic acid was also
used, a viscous material, with reepitalization pro-
perties.
Ballini et al. (11) suggested that autologous bone
combined with an esterified low-molecular HA
preparation seems to have good capabilities in
accelerating new bone formation in infrabony
defects (11-17).
Each stage in the operation was monitored and
all the devices used passed through a custom-

made template, which acts as a surgical guide.
The sinuses were filled using two different fluid
biomaterial distributed through a dispenser,
which had been created specifically for the tech-
nique.
Due to the reduction in trauma and the fact that
the process is much less invasive, this technique
could be a valid alternative to the techniques
known and used to date.
Work time is reduced in the cortical thinning op-
eration and percussive trauma is avoided, while
it is important to fill the sinus slowly and with
care, in the cases described, the filling process
took three minutes to fill the sinus with both bio-
materials by a specific micrometric device.
The volume of the sinus to be filled was calcu-
lated using a specific software programme that,
in addition to an accurate volume measurement,
allows for an accurate comparison between the
projected and clinical outcome of the implant
position.
The aim of this study is to compare the volumet-
ric measurement and the behaviour of two dif-
ferent biomaterials used as a sinus filler using a
fluido-dynamic technique for transcrestal maxil-
lary sinus lift performed with the aid of comput-
er-guided surgery that allows for a precise re-
duction in the cortical thickness without entering
the sinus. 

Materials and methods

In case study number 1, the operation field was
prepared using hyaluronic acid, which was de-
livered in a nebulized form using a patented de-
vice (Yabro spray sol, IBSA, Italy). The cortical
of the maxillary sinus was reduced through the
use of calibrated burs and a profiler that allows
for an opening to be created to give access to the
maxillary sinus and, subsequently, the lifting of
the Schneiderian membrane can be achieved
(FMD Rome, Italy). In case number 1, the de-
tachment and lifting was achieved using HA gel
and micronized heterologous bone in an 80%
collagen matrix whose granulometry was less
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than 300 microns (Putty by Osteobiol-Tecnoss,
Italy). While in the second case, a nano-crystal-
lized hydroxyapatite in an aqueous solution (Na -
nogel, TEKNIMED, France) was used.  
Each stage in the operative process was moni-
tored and all the devices used passed through a
custom-made template, which acted as a surgical
guide (BIONOVA, La Spezia, Italy).  Fluid bio-
materials, distributed through a dispenser, which
had been created specifically for this technique,
were used to fill the sinus.

Case study

Two cases with similar clinical situations were
treated and have been described in detail below
to illustrate the method used. Both patients were
not-smokers, with no systemic disease, nor on
regular prescribed medication. Both patients
were periodontally treated. The first patient was
a healthy, 55-year-old male whose first upper
right molar had been extracted 6 months previ-
ous and showed approx. four-millimetre residual
bone height with a horizontal thickness of nine
millimetres. The second was a 60-year-old male
whose second upper left premolar had been ex-
tracted 6 months previous and showed approx.
8-millimetre residual bone height with a hori-
zontal thickness of seven millimetres. Neither
patients showed signs of inflammation of the si-
nus membrane.
Two different dental surgeons performed the op-
erations.
The preoperative planning was carried out in the
following phases:
1) Two high accuracy addition silicone impres-

sions were taken. During the cone beam CT
(GENDEX GXCB-500) scan, there was a
universal stent (BIONOVA, La Spezia,
Italy), with three spheres on which 8 thou-
sands landmarks were detected by the soft-
ware, which was fixed in the mouth of the
patient with the use of an impression materi-
al (impregum, ESPE).

2) The Dicom files obtained were processed

with specialised software (ModelGuide,
BIONOVA, La Spezia, Italy). The residual
ridge measurement was found to be four mil-
limetres in patient 1, and 8 millimetres in pa-
tient 2, with a horizontal thickness of nine
millimetres and seven millimetres, respec-
tively. The positioning of a 10-millimetre
implant (FMD, Italy; cylindrical i-fix) was
planned to obtain a sinus floor elevation of
six millimetres in patient 1, and six millime-
tres in patient 2 in order to completely cover
the implant with biomaterial (Figures 1, 4).

3) Using a gypsum model as a guide, a custom-
made template was produced by a 3D printer
for each patient. These templates were used
as a surgical guide and had a bushing on site
16 for patient 1, and 25 for patient 2 with a
diameter of 5.5 millimetres, a height of 4
millimetres and a distance from the bone
crest of 4 millimetres (which equates to the
thickness of soft tissue). The surgical tem-
plates, named ‘easy’ by the company
(BIONOVA), were designed to have only
dental supports and do not require the use of
endosseous fixers (Figure 1).

4) A computer-guided surgery kit was used and
two instruments specifically created for this
technique were used: a calibrated profiler
and a ML dispenser (FMD, Italy) both of
which were capable of passing through the
bushing (Figure 2).

5) An operculectomy was carried out with the
use of a rotating circular tissue punch mount-
ed on a hand-piece, after which a pilot drill
was used to cut the cortical bone and assess
the consistency of the bone. In the case of
patient 1, nebulized HA was used to prepare
the operative field (Yabro spray sol, IBSA,
Italy). Subsequently, two burs, with a height
of 6 millimetres and respective diameters of
2.3 millimetres and 2.8 millimetres, were
used to enlarge the hole and to reach the si-
nus floor (Figure 2).

6) Through these two steps the complete ero-
sion of the cortical bone of the maxillary si-
nus was achieved, after which it was possi-
ble to insert an ML profiler with a smooth,
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Figure 1

First projected plan of sinus floor operation with a 10 mm implant.

Figure 2

The custom-made template, Nebulized HA with Yabro-spray-sol and injection with of viscous HA and pasty biomaterial with ML

Easy Kit. The ML calibrated profiler with smooth convex apex. Rotating circular tissue punch and the profiler. X-ray check during

the filling of the sinus with ML profiler.
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convex apex, with a diameter of 3.4 millime-
tres and a calibrated height that would allow
it to penetrate precisely six millimetres into
the maxillary sinus in the case of patient 1,
and five millimetres in the case of patient 2
(Figures 2, 3, 4). After removing the profiler,
a calibrated smooth, convex apex ML dis-
penser was used to enter six millimetres in-
side the sinus of patient 1, and five millime-
tres in patient 2. This tool allowed for both
the detachment and the lifting of the Schnei-
derian membrane and the simultaneous in-
sertion of a fluid biomaterial. In patient 1,
there was the pre-detachment of the mem-
brane using HA gel and a mixture of mi-
cronized heterologous bone in an 80% colla-
gen matrix. The granulometry was less than
300 microns (Putty by Osteobiol-Tecnoss,
Italy). In patient 2, an a nano-crystallized hy-
droxyapatite in an aqueous solution
(Nanogel, TEKNIMED, France) was used.
These materials were chosen due to the fact

that the small size of the granules better fa-
cilitates the injection process (Figure 2).

7) The accuracy of the measurements was mon-
itored using an endoral X-ray (Figure 2).

8) After the first filling, the ML injector was ro-
tated by 90° to obtain a radial filling of the
sinus, which formed a dome shape. The
process of filling was performed slowly,
with great care, in order to avoid rupturing
the membrane, and took about three minutes.
A specially designed micrometric piston
(ML easy) was used (Figure 2). After the ML
dispenser had been removed, two further
burs with a diameter of 3.2 millimetres and
3.7 millimetres, respectively, and a height of
6 millimetres were used in order to enlarge
the hole in the case number 1. An implant
was inserted with a diameter of 4.2 millime-
tres and height of 10 millimetres with an ag-
gressive thread in the upper crestal region,
which gave higher primary stability, thus re-
ducing the risk of the implant accidentally

Figure 3

Gom comparison and final 3D results in patient number 1.
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sliding into the sinus (FMD, Italy; cylindri-
cal i-fix). The implant was placed through a
mounter, which was the surgical kit, which
was removed using a special extractor that
allowed the final position of the fixture to re-
main unchanged. Finally, the healing screw
was positioned. In the case of patient 1, neb-
ulized HA was used on the tissue after sutur-
ing (Yabro spray sol, IBSA Italy) (Figures 2,
3). In the case number 2 an implant with a di-
ameter of 3.8 millimetres and height of 12
millimetres with a spiral design was used
(FMD, Italy; Adapta i-fix) (Figure 4).

9) The precision of the final implant position
was monitored through an endoral X-ray
(Figures 2, 4).

10) A comparison between the project and the
clinical outcome was carried out using spe-
cific software (GOM, BIONOVA, La Spezia,
Italy) The same software was used to meas-
ure the filling volume of the biomaterial in
the sinus (Figures 1, 3, 4).

11) A measurement of the filled final volume
was carried using the ellipsoid formula and

taking into account the measurements of the
three antero-posterior diameters. In the first
case the volume was 0.716 cubical centime-
ters and in second case was 0.614 cubical
centimeters.

During each of the phases outlined above it was
possible to remove and replace the template with
ease in order to better monitor and verify the site
of the future implant.

Results

In the cases described above a ≥ 6 millimetre
augmentation of osseous volume was obtained.
This result is comparable to those obtained in
lifts where conventional techniques were ap-
plied.  The technique used was very precise and
the difference between the projected and clinical
outcome of the implant position had an average
of less than 0.3 millimetres (Figures 3, 4). 
In both cases, the distribution of biomaterial in
the sinus was very regular and the quantity of

Figure 4

Gom comparison and final 3D results in patient number 2.
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comfort. Furthermore, the technique reduces the
number of radiographic intraoperative checks
necessary during the procedure, with consequent
reduction in post-operative recovery time.
Topical  HA  can  be  useful  as  a coadjutant
treatment  in gingivitis, chronic periodontitis, as
well as during  the  post-operative  period, both
for implant and sinus lift procedures, for faster
healing  and  to  reduce  the  patients’  discom-
fort  during  the  postoperative  period.
The measurement of the filled volume is com-
patible with the amount of material in the bio-
material syringe and the amount retained in the
ML and in his connector.
The use of various biomaterials in computer-
guided crestal sinus lift procedures may affect
prosthodontic (18-21) and endodontic (22, 23)
clinical outcomes. In addiction the use of gener-
al and local anesthesia may have side effects
(24-27) and severe complications (28-30).

Conclusions

Even with the limited number of case studies
carried out to date, it is possible to foresee that
the results obtained with the technique described
above are encouraging. 
The two biomaterials used have the same pasty
consistency, and seem to have the same clinical
behaviour, however, the results must be moni-
tored during the remodelling time.
Both the reduced percussive trauma and the low
invasiveness mean such a technique should be
considered a valid and concrete alternative to
those known about and used thus far.
Further studies are necessary in order to investi-
gate the higher or lower efficacy in comparison
with statistically significant success and to
check the filling volume of the sinus over time.
Histologic studies will also be needed in order to
confirm the quality of bone formed.

biomaterial used was enough to create a dome,
which formed a cover over the implant, as well
as being capable of supporting the elevation of
the membrane. 
The biomaterial, after becoming stable and re-
modelled, transforms into bone acting as a filler
and support to the implants located in the sinus.

Discussion

In recent years there has been an increased ten-
dency to use instruments and techniques so as to
reduce the incidence of the type of complication,
such as membrane laceration, as mentioned
above.
Biomaterials that have a pasty consistency, and
are smooth and free from lumps are the most
suitable to come into contact with the Schnei-
derian membrane, which is true for the two dif-
ferent biomaterials used in these two different
clinical cases: a nano-crystallized hydroxyap-
atite in an aqueous solution and a micronized
heterologous bone in a collagen matrix.
In particular, the aim of this study is to compare
the final filling volume of the sinus with the flu-
ido-dynamic technique of transcrestal maxillary
sinus lift performed with the aid of computer-
guided surgery, which allows for a precise re-
duction in the cortical thickness without entering
the sinus, while concurrently saving the soft tis-
sues.
Such characteristics not only meet the require-
ments of maxillary sinus surgery, but are also
much less traumatic than more traditional tech-
niques. Even the risk of membrane rupture is re-
duced due to the high-precision system used and
thanks to the smooth consistency of the bioma-
terials without lumps.
The improvement in diagnostic tests and new
biomaterials available, allow the clinician to use
computer-guided surgery in the case of crestal
sinus lift operations in order to increase accura-
cy and reduce trauma.
In addition, there is the elimination of percus-
sion, with a direct decrease in the patient’s dis-
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