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Abstract 

Objective: The aim of this study was to evaluate the efficacy of sinus floor elevation using sequential bone dilators. 
Materials and Methods: Thirty patients took part in the study (18 women and 12 men) with ages ranging between 
thirty-six and sixty-three years, selected according to inclusion and exclusion criteria, who showed a bone deficit 
in the upper posterior alveolar margin of 5-8 mm in height. Sixty expanded platform internal connection implants 
were placed with diameters of 4/5/4 mm and lengths varying between 10 (n=10) and 11.5 mm (n= 50). Results: 
Data obtained were analyzed using SPSS 15.0 software. The average intra-sinus bone gain with MP3 biomaterial 
of porcine origin was 4.13 +/- 0.97 SD mm at the moment of implant placement, 3.90 +/- 1.15 SD mm after twelve 
months, 3.74 +/- 1.05 SD mm after 24 months and 3.62 +/- 1.75 SD mm after 36 months. Two implants were lost at 
the moment of prosthesis placement. Conclusions: Alveolar lifting technique in the upper maxilla using bone dila-
tors achieved a 96.6 % implant success rate after a three-year follow-up. Intra-sinus bone biomaterial remodeling 
was 0.51 +/- 0.08 mm from day zero to the thirty-six-month follow-up. This is a procedure that reduces the amount 
of surgery necessary and is of both aesthetic and functional benefit to the patient.
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Introduction
An edentulous upper posterior maxilla generally presents 
bone reduction both in height and width of the alveolar 
process due to atrophy and to the neumatization of the 
maxillary sinus, making immediate implant placement 
impossible (1). Residual bone in the upper maxilla often 
shows low bone density classified by Misch as type D3, 
which has been described as a cause of increased rates 
of implant failure (2). There are numerous techniques 
available for creating a sufficient volume of supporting 
bone in and around the maxillary sinus (2-4) but some 
of these treatments are complex and require specific 
surgical training; they are seen to achieve implant sur-
vival rates of between 91 and 98% (5,6). 
Boyne et al. have described the formation of bone in 
the implant’s apical portion stabilized at the crestal level 
(7). The use of osteotomes has been developed in order 
to simplify implant placement in narrow osseous mar-
gins resulting from resorption (8,9). 
In 1994, Summers introduced a maxillary sinus lifting 
technique using osteotomes, in which bone is added to 
the apical part of the implant to improve stability; this 
technique can be employed whenever there is a 5-7mm 
residual margin. He also devised the first sequential 
bone dilators of cylindrical-conical shape, each instru-
ment in the sequence having a progressively increasing 
diameter, so that the base of each corresponds in diam-
eter to the active portion of the next, allowing immedi-
ate implant placement. (10,11). 
The aim of this prospective clinical study was to evalu-
ate (using radiography) apical bone remodeling around 
immediate implants after sinus lifting using bone dila-
tors over a thirty-six month follow-up period, and by so 
doing to describe a series of clinical cases. 

Materials and Methods
Thirty patients (eighteen women and twelve men aged 
between thirty-six and sixty-three years) took part in the 
study; all presented atrophy affecting both height and 
width of the posterior upper maxillary. Sixty internal con-
nection implants were placed in the thirty patients; these 
were Osseotite® Certain® PREVAIL® (Biomet 3i Im-
plants Innovations Inc, Palm Beach Gardens, FL, USA) 
with a diameter of 4 mm and lengths of between 10 mm 
(n=10) and 11.5 mm (n=50).  The abbreviation 4/5/4 mm 
corresponds to an implant with a 4mm prosthetic con-
nection, 5mm platform and 4mm body. All implants were 
placed and monitored through the follow-up period by the 
same surgeon between January 2005 and January 2008. 
All patients were partly edentulous in one or two upper 
maxillary segments (Kennedy classification I, II and III) 
and all gave their informed consent in full awareness of 
the possible risks and benefits of the procedure. The risks 
described to them included infection, pain, bone graft loss 
and loss of one or more implants during the study period.

Inclusion criteria
Panoramic and periapical radiographs were made for all 
patients. The following criteria were requirements for 
inclusion in the study:
1. Partially or totally edentulous in the upper posterior 
maxilla and so requiring implants.
2. The implants required were at least 8mm in length.
3. Residual bone height of between 5mm and 8mm.
4. At least 1mm of periimplant bone around the im-
plants.
5. If a patient smoked, that consumption did not exceed 
ten cigarettes per day. 
Exclusion criteria
1. Uncontrolled diabetes.
2. Patients irradiated within the previous twelve months.   
3. Patients who had received chemotherapy during the 
previous twelve months.
4. Uncontrolled periodontal disease.
5. Acute infection of the maxillary sinus or a history of 
persistent sinus infection.
6. Heavy smokers.
7. Psychological disorders (including depression and 
nervous conditions) that, in the opinion of the research 
team, might make dental treatment unsustainable.
8. Possible difficulties in maintaining a regime of post-
implant surgery care.
All implants were placed immediately after the appli-
cation of convex and concave bone dilators for sinus 
floor lifting by means of the introduction of porcine 
bone MP3 Osteobiol® of 600 µm (Osteogenos, Madrid, 
Spain). Residual bone height (RBH) varied between 5 
and 8mm for all patients (Fig. 1). All implants were re-
habilitated with metal-ceramic crowns eighteen weeks 
after surgery. Post surgery medication consisted of 
chlorhexidine mouthwashes at 0.02% twice a day for 
fourteen days, 1 gr. of amoxicillin twice a day for six 
days (500 mg of erythromycin twice a day for those 
patients allergic to penicillin) and 600mg of ibuprofen 
three times a day. Sutures were removed after eight to 
ten days.
Radiographic analysis
The objectives of radiograph analysis were:
1. To evaluate primary implant anchorage immediately 
after surgery.
2. To evaluate changes to intra-sinus bone height and 
remodeling resulting from elevation with osteotomes.
All patients underwent periapical panoramic radio-
graphs on the day of surgery, at the time of prosthe-
sis placement and at twelve, twenty-four and thirty-six 
months. The radiographs were made using the parallel 
technique (Hawe Neos Super-Bite, Hawe Neos Dental, 
Bioggio, Switzerland) in RVG (radiovisiograph) format. 
Analysis of bone growth measurements and remodeling 
were carried out with digital image processing software 
Visilog 4.15 (Neosis, Orsay, France), which measured 
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the distance between two points: from implant collar to 
first bone contact.
Each radiovisiograph was calibrated by calculating the 
length of each implant in order to evaluate a normali-
zation factor, avoiding magnification and alterations to 
implant data. A Hawe Neos® radiographic paralleling 
device was used, and radiographs were made by three 
different practitioners who obtained three takes from 
which average values were obtained.
Posterior residual bone height was measured both me-
sially and distally around each implant, from implant 
collar to maxillary sinus floor (Fig. 2). The quantity of 
bone elevated with biomaterial in the sinus was also 
evaluated Comparisons were made between the meas-
urements taken immediately following surgery, when 
the prosthesis was fitted, at twelve, twenty-four and 
thirty-six months. The quantity of bone in the sinus 
pushed up by the osteotomy was measured by tracing 
a line perpendicular to the implant’s central axis at the 
base of the maxillary sinus and then tracing a vertical 
line from sinus base at the middle of the implant to the 
most apical part of the elevated bone (Fig. 3).
Success Criteria
Success criteria were as described by Albrektsson et al. 
(12):
a) Absence of clinical movement.
b) Absence of pain.
c) Absence of periimplant infection.
d) Absence of radioluscence around the implant.
Statistical analysis
An average percentage success rate with standard devi-
ation was calculated after an eighteen-week healing pe-
riod. Differences between averages and between groups 
were analyzed using a non-parametric Mann-Whitney 

Fig. 1. Graph showing initial bone height of alveolar ridge.

Fig. 2. Evaluation of bone remode-
ling after three years. 

Fig. 3. Radiovisiograph of an implant 
indicating the area of residual bone 
(zone one, red) and bone in the maxi-
llary sinus augmented with biomate-
rial of porcine origen (zone 2, black).
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test with a significance level of p<0.05. All statistical 
data were processed using SPSS 15.0 software for Win-
dows (Chicago, Illinois, U.S.A.).

Results
The patients selected were treated and monitored be-
tween January 2005 and January 2008. Thirty patients 
were included in the study, after undergoing sinus floor 
lifting with bone dilators and evaluating bone increase 
by means of periapical radiovisiographs. The patients 
recruited for the study were eighteen women (60%) and 
twelve men (40%) with an average age of 53.6 ± 11.2 
years, ages ranging between thirty-six and sixty-three 
years. They received sixty implants and sinus lifting 
with sequential threaded bone dilators.
Fifty implants (83.3%) were of 11.5 mm and ten (16.6%) 
were of 10 mm. Bone quality was determined as type 
IV bone during implant surgery according to Lekholm 
and Zarb classification.
Only two patients smoked, consuming fewer than five 
cigarettes per day. Implants were distributed as follows: 
fourteen in second premolar sites, ten in first molar sites 
and six in second molar sites. Three out of the sixty sites 
elevated with bone dilators presented perforation of the 
sinus membrane.
Complications which arose after surgery consisted of 
two cases of nose bleeding and two implant failures; 
one implant of 10mm (tooth 14) and one of 11.5mm 
(tooth 26), which were lost at the eighteen week mark 
when the final prosthesis was placed.
From the first day when surgery was carried out until 
the thirty-six month follow-up, the remaining implants 
were clinically firm and stable, with a final success rate 
of 96.6%.
Radiograph Analysis
Changes to bone height elevated in the sinus with bio-
material were observed mesially and distally over the 
thirty-six month evaluation. On the mesial side of the 
implant average elevated bone at the time of surgery 
was 4.25  ± 1.05 SD mm, 3.92 ± 1.2 SD mm at twelve 
months, 3.71 ± 0.8 SD mm at twenty-four months and 
3.67 ± 1.7 SD mm at thirty-six months. On the distal 
side it was 4.01 ± 0.89 SD mm at the time of surgery, 
3.89 ± 1.1 SD mm at twelve months, 3.76 ± 1.3 SD mm 
at twenty-four months and 3.57 ± 1.8 SD mm at thirty-
six months. This was due to remodeling and maturation 
of the bone in the new space created around the implant 
in the maxillary sinus.
The average intra-sinus bone gain was 4.13 ±0.97 SD 
mm at the time of surgery, 3.90 ± 1.15 SD mm at twelve 
months, 3.74 ± 1.05 SD mm at twenty-four months and 
3.62 ± 1.75 SD mm at thirty-six months.

Discussion
Bone gain results in this study agree with those pub-

lished by other authors who have carried out maxil-
lary sinus augmentation using osteotomes of between 
4.5mm and 6.5mm in posterior sectors where bone den-
sity is low (13-17).
In studies made with cadavers, Blanco and colleagues 
obtained an intra-sinus bone increase of 4-8 mm in 
height and they evaluated the bone density achieved us-
ing osteotomes (39.38 ± 9.67 SD mm), comparing this 
with the density achieved using drills (31.06 ± 5.9 SD 
mm).
In the present study, sinus elevation was carried out via 
the alveolar ridge, with collagenated porcine bone grafts 
and immediate implant placement in a single surgical 
session through the use of angled osteotomes, threaded 
and with depth markings and restored eighteen weeks 
later.  
This is relatively similar to the 3.1 months described by 
Nedir et al. using BAOSFE (bone-added osteotome si-
nus floor elevation) technique (although he did not state 
what biomaterial is adequate for this technique), who 
obtained increases to intra-sinus bone of 4.6 mm on the 
mesial side and 5.2 on the distal (19). A further factor 
which reduces healing time is the use of implants with 
rough surfaces which accelerate implant osseointegra-
tion to regenerated bone.
With respect to implant length, our results are similar 
to those obtained by Ferrigno and colleagues, who state 
that short implants of 8 mm have similar success rates 
to implants of 10 and 12 mm placed using osteotomes. 
Lastly, it is important to bear in mind the complica-
tions that may arise from maxillary sinus floor eleva-
tion when using osteotomes for implant placement, such 
as chronic sinusitis and benign paroxysmal positional 
vertigo (as described by Peñarrocha et al.), which is due 
to trauma induced by the percussion forces generated 
when the osteotome is hammered (20).

Conclusions
The use of angled osteotomes, threaded and with depth 
markings allowed the creation of intra-sinus space filled 
with biomaterial of 4.13 ± 0.97 SD mm at the time of 
surgery, 3.90 ± 1.15 SD mm at twelve months, 3.74 ± 
1.05 SD mm at twenty-four months and 3.62 ±  1.75 SD 
mm at thirty-six months. Bone remodeling decreased 
by 0.51 ± 0.08 SD mm over thirty-six months due to 
resorption of fibrin in the implant ś apical portion and 
increased bone density at the new sinus floor. The alve-
olar maxillary sinus floor elevation technique with oste-
otomes and collagenated porcine MP3 bone achieved a 
success rate of 96.6% after a follow-up period of thirty-
six months monitoring both implants and prosthesis. 
The advantage of the osteotome technique is that it is 
a less invasive technique with a lower risk of complica-
tions both during and following surgery.
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