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INTRODUCTION
There is a huge progress in dental implantology, 
however, the placement of implants in the posterior 
atrophic maxilla is still considered to be sophisticated 
due to reduced bone level (9). Bone reduction in this 
area occurs due to severe bone loss together with 
maxillary sinus enlargement observed after teeth 
extraction. Different solutions, such as: the placement of 
short, even subperiostal, or long implants in pterygoid 
process, the autogene bone onlay or/and inlay grafting, 
tilted implants (2, 3, 11, 14, 17, 18, 22) and maxillary 
sinus floor elevation (sinus-lift operation) using 
different grafting materials (4) are proposed to bypass 
the problem. Usually previous bone transplantation 
is required. An autologous bone graft is considered to 
be a ‘gold standard’ because it is immunocompatible.  
Autogene bone can be acquired from the donor site 
intraorally or extraorally (5). As bone transplantation, 
especially if bone is harvested from extraoral site, is an 
extensive procedure which not all patients are willing 
or able to experience, different bone substitute materials 
are widely used in nowadays. Besides, autografts 
additionally are associated with donor site`s morbidity 
and unpredictable resorption of bone graft (19). There 
are studies revealing native bone grafts do not yield 

optimal outcome because these bone grafts are tended to 
remodel around the apex of the implant (21). Calcium 
phosphate containing bone substitute materials present 
osteoinductive features and these materials can serve as 
a pier for a bone growth (1, 19). There are studies where 
have been proven that artificial bone substitute materials 
induces bone formation and resorption. Histological 
and immunohistochemical analysis showed signs of 
osteoconduction and osteoinduction (6, 10, 19). Also 
it was shown that hydroxyapatite (HAp), containing 
bone substitute materials, does not allow taking place 
the volume changes, as it is with the autogenous bone 
chips. HAp provides an adequate resistance against an 
intra-sinus pressure and re-pneumatisation. HAp also 
is able to maintain a volume of regenerated bone, by 
formation of a composite network with the biomaterial 
particles. Such composite bone presents the highest 
density (15). It has been proven that bone substitute 
materials are reliable for bone regeneration in sub-
antral cavities, and vertical defects observed around the 
implants are comparable to those observed at implants 
placed in native bone (16). 
Different investigation methods, such as: clinical, 
radiographs, histo-morphologic, endoscopic, analysis 
of resonant frequency, biomechanical, etc, have 
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been applied for evaluation of the results of sinus-lift 
operation and success of implantations. The radiological 
method seems to be the least invasive and comfortable 
for patient. Nevertheless, one should always carry 
in mind that every radiation exposure to the patient 
should be justified.
The aim of the study was to determine if density around 
the implant inserted with one stage sinus-lift operation 
using bone substitute materials increase and if that can 
be detected radiologically.

MATERIALS AND METHODS
Current study was a retrospective radiological study. 
Totally there were radiologically examined 22 patients. 
These patients were outpatients that came for implant 
control during 2010. All patients were in well general 
health condition. All together there were 64 implants 
inserted in maxilla. In all patients there were implants 
inserted in maxillary alveolar bone with both methods: 
with and without enforcement with calcium phosphate 
biomaterials. Study group was constructed of 48 
implants that were inserted in to the atrophic maxillary 
alveolar bone with one stage sinus lift operation 
through lateral window approach with various 1.0 – 2.0 
ml calcium phosphate bioceramics granules. Following 
calcium phosphate biomaterials were used for sinus 
augmentation operation: Curasan Cerasorb (Germany), 
Frios Algipore (Germany), Straumann BoneCeramic 
(Switzerland), RTU Hap granules (LR Patent Nr.P-10-30, 
Latvia). Control group was constructed of 16 implants 
that were inserted in to the maxillary alveolar bone of 
same patients. No biomaterials were used to support 
and enforce implants in control group. Implants were 
inserted in usual way as there was enough natural bone 
to support the implant.
The operation was performed at least seven months 
before radiological investigation. The longest period 
between operation and scanning was 7 years. To 
investigate all sinus lift sites and implants inserted the 
cone beam computed tomography (CBCT, I-CAT Next 
Generation, USA) scanning was performed. The cone 
beam source operated at 120 kV, 5 mA. The scanning 
parameters were as follows: diameter -16 cm, height - 13 
cm, duration - 8.9 seconds. The images of 0.3 voxel size 
were obtained. Obtained CBCT scans were reformatted 
and examined using ExamVision software (I-CAT Next 
Generation, USA). Measurements were done by the sole 
radiologist. Each implant was aligned into perpendicular 
position in relation to floor and evaluated in all planes. 
Measurements were performed in coronal view which 
passes through the longitudinal axis of the implant. 
Density of surrounding tissue around the implant in 
study group was measured on the following five points 
(figure 1): density of buccal alveolar bone (BAB), 
density of buccal bone substitute materials in sinus 
elevation area (BSM), apically of the implant (AP), 
density of palatinal bone substitute materials in sinus 
elevation area (PSM) and density of palatinal alveolar 
bone (PAB) supporting implant. In control group similar 
measurements were done in the alveolar bone (figure 
1). The measuring field was 0.5 mm². Measurements 
were registered in Hounsfield units (HU). 

Results were presented as mean and standard deviation 
(SD). For statistical analysis non–parametric test of 
significance the Mann-Whitney U test was used for 
assessment of both groups. Statistical significance was 
defined as p<0.05.

RESULTS
There were radiologically examined 48 implants placed 
into atrophic posterior segments of maxillary bone due 
to surgical sinus floor elevation using bone substitute 
materials. An average age of study group was 46.7 years, 
ranging from 32 to 68 years; and it was 48. 8 years in 
the control group, ranging from 32 to 60. Twenty five 
implants (52%) were inserted into maxilla of females 
and 23 implants (48%) were inserted into males.   
Reconstruction of the images and alignment of the 
implants using similar patterns was applied to each 
patient. It was done for standardization of the method 
and in order to repeat the procedure.
There was the following mean density around the 
implants on measuring points in the study group (table 
1):  buccal alveolar bone - 1018.70 HU ± 387.32, buccal 
bone substitute materials in sinus elevation area - 
953.60 HU ±392.37, apically to the implant - 766.90 
HU ± 444.09, palatinally substitute materials in sinus 
elevation area - 776.60 HU ± 371.61, palatinal alveolar 
bone supporting implant - 800.60 HU ± 399.02. The 
mean density around the implants on measuring points 
in the control group was as follows (table 1):  buccal 
alveolar bone at the crest - 891.00 HU ± 294.00, buccal 
bone at the apical portion of the implant - 636.80 HU ± 
221.03, apically to the implant - 570.10 HU ± 346.77, 
palatinal bone at apical portion of implant - 482.60 HU ±
215.32, palatinal alveolar bone at the crest - 702.70 HU ± 
259.00.
There was found statistically significant difference in 
density measurements between both groups – p value 
was 0.005 on buccal bone substitute materials (BSM) in 
sinus elevation area in the study group, and on buccal 
bone at apical portion of the implant in control group. 
Statistically significant difference also was found in 
density measurements on area of substitute materials of 
palatinal bone in the region of sinus elevation in the 
study group, and on buccal bone at the apical portion 
in control group. Here the p value was 0.0012. No 
statistically significant differences were found on the 
other three points of the measurements. The p value 
for density measurement of BAB was 0.257, for apical 
tissue density it was 0.13, for palatal alveolar bone 0.28.
There was no statistically significant difference regarding 
radiodensity found among the cases where different 
biomaterials were used during sinus-lift procedure.

DISCUSSION
The cone beam computed tomography represents new 
options for radiological investigation of maxillofacial 
region. Feasibility to measure density of tissue is one of 
the options. However, we should understand that the 
measurements of density in Hounsfield units in CBCT 
images symbolize a comparative measurement, not a 
real value of density due to technical specificity. 
Control group was represented by the implants inserted 
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in to the natural maxillar alveolar bone. No bone 
substitute calcium phosphate biomaterials were used 
for enforcement of these implants. As that is the basic 
implant insertions method then these implants were 
considered the control group.
All sinus lift operations were performed using 
biomaterials that contain calcium phosphate. In this 
study comparison of different materials were not 
curried out as groups were small and the main emphasis 
was on calcium phosphate that is main component of all 
biomaterials used in this study. Recent studies in vitro 
and in vivo showed that such materials provide excellent 
biocompatibility. In scaffolds of such materials increased 
number of osteoblasts can be found (23). It is intelligible 
that a composite of natural bone and bone substitutes, 
which includes calcium phosphate - after considerable 
time span, radiologically represents higher density than 
natural bone alone. Besides, it has been proven in many 
studies that bone substitute materials used in sinus 
floor elevation procedures are osteoconductive and 
osteoinductive, providing good scaffold for new bone 
formation (6, 9, 10, 19, 21). Measurements around 
implants in both groups facilitate reproducibility and 
repeated measurements. 
In this study, statistically significant differences of 
density measurements were found between buccal and 
palatal sinus-lift sites bone substitute materials areas 
in the study group, and palatal and buccal bone in the 
apical portion of the implants in the control group. It 
represents that mixture of newly formed bone and bone 
substitute materials around implant construct dense 
bedding. However, this was not found in apical portion 
of the implant were also mixture of newly formed 
bone and bone substitute material was expected. This 
could be explained that re-pneumatisation of the 
sinus takes place and this site is more subjected to the 
remodelling changes, leading to the less material in this 
area (16). Sinus lift sites when bone substitute materials 
containing calcium phosphate are used usually remains 
dimensionally stable for longer period (15). The most 
dimensional changes occur within first 3 years after 
operation (7, 8, 12, 24). Several short-time radiological 
studies demonstrated that majority of resorbtions take 
place in the first year after sinus lift operation (7, 13). 
In our study most of implants were examined long after 
this span of the time, what means - when the most 
dimensional changes are ceased.  Another reason could 
be the surgical technique, if too little material were 
inserted in to the apical portion of the implant due to 
sophisticated operation performed. 
There were no statistically significant differences 
detected between other two measurement areas – 
palatal alveolar and buccal alveolar bone at the crest 
in both groups. However, the mean density was 
higher in the study group. This points the tendency of 
calcium phosphate bone substitute materials induce 
mineralization or provides remineralisation of the 
natural contact bone. There is the study showing that 
sinus-lift operation when calcium phosphate containing 
materials were used in long–term decrease augmented 
area and increase radiodensity in residual, previous 
demineralised alveolar bone (20). 

This study employed small subject groups. To support 
our results more investigation is required with larger 
groups.
Conclusion
Surgical elevation of maxillary sinus floor using calcium 
phosphate bone substitute materials resulted in higher 
optical density of the mixture of newly formed bone 
and substitute material around the dental implant as in 
natural bone alone. Mineralization of the bone, induced 
by the bone substitute materials, can be detected 
radiologically. 
Wider investigation with larger subject groups is 
required.
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Table 1. Findings of densitometric analysis in the 
control group and in the study group

Control group (HU) Study group (HU) p value

Mean value SD Mean value SD

1. BAB 891.00 294.00 1018.7 387.32 0.257

2. BSM 636.80 221.03 953.60 392.37 0.005*

3. AP 570.10 346.77 766.90 444.09 0.132

4. PSM 482.60 215.32 776.60 371.61 0.0012*

5. PAB 702.70 259.00 800.60 388.02 0.280

Fig. 1. Measurements of density around the 
implant placed into atrophic maxilla with 
bone substitute materials (left), and around the 
implant placed into atrophic maxilla without 
sinus elevation procedure (right) 


