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regeneration methodology, which does not require 

the use of autologous blood components such as PRP, 

grafting materials positioned through intentionally 

Our group recently developed an innovative maxillary sinus augmentation technique without the need 

of sinus membrane elevation, termed as “IPG” DET protocol. This technique utilizes autologous platelet 

implants were placed with “IPG” DET protocol in combination with autologous platelet concentrates. CBCT 

months post-op. CBCT images were then compared by an intensity-based image algorithm to assess the 

newly formed bone in terms of gray scale values. Additionally, implant stability quotient (ISQ) was used to 

estimate implant osseointegration and success rate. The average new bone formation was 5.9  0.9 mm2 per 

study, “IPG” DET protocol in combination with autologous platelet concentrates is a successful technique for 
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“IPG” DET protocol

treatment evaluation and planning with medical and dental 

and detailed therapeutic plan was decided for each case. 

membrane matrix preparation, 2-sinus membrane 

perforation followed by the biomaterial insertion into the 

osteotomy site, and 3-the implant placement.

 Fibrin matrix was obtained from peripheral blood 

drawn from each patient and was collected into sterile 

tubes without any anticoagulant. Collected blood was 

than centrifuged immediately at 200rpm for 10 min in 
25, 

described by de Oliveira  

 At the end of centrifugation procedure serum, clot 

cells were aggregated in the middle between the lower 

 

chosen for the study had minimum radial vibration (0.54 

m/s2

centrifugation chamber.

the platelet and cellular integrity, as well as the three-

 

1.0 x 6.0 cm (width x length), which was inversely 
 

site decontamination, sterilization, administration of 

local anesthesia and tooth extraction. Intentional sinus 

perforation through the whole bone height was then 

was inserted through the osteotomy into the sinus with a 

cut into smaller pieces to be mixed with bone allograft 

 In conventional approach, sinus membrane is 

elevated for bone regeneration and insertion of 

dental implants. A major concern of sinus elevation 

is the high risk of Schnederian membrane damages 

and ruptures. SFE might also cause sinusitis, 

severe facial swelling and, delayed wound healing. 

Additional limitations are the presence of extensive 

bone resorption, poor bone mass and time-

consuming regenerative operation with high cost. 

As an alternative, insertion of short implant was 

proposed in literature (3-6).

 In a recent study, Georgakopoulos et al. evaluated 

with radiographic scans and Osstell readings (2). 

According to the results implant stability quotient 

(ISQ) values were between 63-72, and micro-mobility 

decrease was up to 50%. Radiographic evaluation also 

bone interfaces (2).  However, further research should 

protocol in combination with autologous platelet 

Clinical Sample

maxillary tooth loss that referred to the dental clinic of 

 between March 2014 and June 2017. 

patients before the procedure. 

loss that need dental rehabilitation by sinus augmentation 

diabetes, osteoporosis, cancer, cardiovascular diseases, 

Declaration guidelines and a written informed consent 

was obtained from each patient before the procedure. 

F. INCHINGOLO ET AL.
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Fig. 1. (a): FibrinFUGE25 centrifuge device; (b): Fibrin matrices, PRF and GFs; (c

within the osteotomy site.

Fig. 2. (a b): Fibrin matrix in membrane form 

(PRP and PRF); (c): Implant insertion; (d): the osteotomy site.
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Osseointegration evaluation by computer-based 

methodology

 Figure 4 depicts a block diagram of the computer-

based methodology employed in this study for analyzing 

registration process algorithm to align the pre- and post 

osseointegration analysis. A special detection algorithm 

was applied to locate the certain region in which the 

implant is inserted through the sinus membrane for both 

images. Finally, by subtraction of ROI images (baseline 

the remaining pixels (except the implant itself), the newly 

b respectively) underwent an intensity-based image 

registration algorithm comprised a similarity metric, an 

the image similarity metric as input for the two images 

and obtained output with scanned values that quantify 

material (Cancellous particles - OrthoSera Products, 

(Fig. 1c) (12).

implant placement. A special liquid phase was obtained 

implants were immersed within this liquid phase to form 

implant was than inserted within osteotomy site utilizing 

a predetermined torque of 20 to 25 N/cm2 (Fig. 2 b-d).

the postoperative protocol that comprises antibiotics 

special attention was paid not to pressurize the implant 

area neither by total nor partial denture. For this reason, 

each patient was informed that they should not use any 

appropriate thickness of the new bone formation was 

achieved. In addition, the patients were instructed to use 

10 days. 
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Fig. 3. “IPG” DET protocol and guidelines.
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comparison and subtraction of the images, the region of 

5, the newly formed bone (white arrows) throughout the 

values depicted the area of newly formed bone above the 

outcomes were evaluated after the alignment procedure 

was calculated on the images. 

 Additionally, implant stability quotient (ISQ) was 

the similarity metric. Finally, the transformation type 

two images (13).

algorithm, which was designed to identify the sinus 

of-Interest (ROI) was also extracted from the aligned 

maximum detection (15) for implant position localization 

combined with k-means clustering towards the implant 

contour extraction (16). 

was selected bilaterally to evaluate bone regeneration 

 

Intensity Based Registration

Implant ROI Subtraction 

Between 8 and 0 Months

Implant with newformed bone

Implant ROI Detection 

Algorithm

CBCT Image

0 Months

CBCT Image

8 Months

. Flow diagram illustrating the procedure used for 

the implant osseointegration evaluation method employed 

in this study. 

Fig. 5. (a): pre-operative CBCT image – 0 months; (b): post 

“IPG” DET protocol employment – 8 months; (c): aligned 

CBCT images after intensity-based registration; (d, e): 

sinus membrane region bilaterally to implant windings 

ROI pre and post “IPG” DET protocol employment; (f): 

newly formed bone (white arrows) above sinus membrane 

and round the inserted implant.
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surgical and implant site are shown (Fig. 6, 7). As 

the sinus cavity and bilateral to the implant are 

indicatives of the success and high performance of 

 According to the results of the osseointegration 

method outcomes in terms of new bone area 

 Clinical evaluation held in this study was 

made by means of stability values provided by 

assessed clinically by means of values provided by 

Resonance Frequency Analysis (RFA) employing Osstell 

 A computer-based algorithm was used to 

evaluate and measure the osseointegration of 

the implants in terms of radiographic scans, and 

areas depicting extensive bone formation at the 

 

 

Fig. 6. (a): implant in tooth area #46; (b): 8 months after the implant placement following the proposed “IPG” DET protocol. 

. (a): Implant in tooth area #15; (b): 8 months after the implant placement following the proposed “IPG” DET protocol. 
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disorders constitute unfavorable and challenging 

conditions for the oral surgeons.

conjunction with or without SFE thought the use 

of biomaterials obtained from patients’ peripheral 

CD34 together with implant insertion, seems to 

as Schneiderian membrane perforations are always 

present and the abnormal anatomical features 

of either the maxillary septum, or Schneiderian 

membrane might represent additional surgical 

solution to avoid the complications derived 

from conventional procedures. 

other conventional sinus elevation techniques is the 

intentional perforation of the sinus membrane, which 

was considered as a major complication so far. 

system was used to detect the new bone and 

algorithm evaluated the implant interface, the sinus 

before and after implant insertion. According to the 

opinion of the authors of this present study, in order 

to obtain successful outcomes

• -

formed by a highly trained professional in a spe-

cially equipped environment either in a dental 

clinic or hospital.

• -

formed in cases with minimum 4 mm of sinus 

wall thickness.

• additional use of mesh implants employing the 

switching platform should be preferred.

 According to the clinical and computer-based 

Resonance Frequency Analysis (RFA) employing 

Osstell procedure for each implant inserted.13 

ISQ units, with high values indicating high stability 

of the implant. 

considered as an indirect measurement of the 

implant Osseo-Integration. ISQ values derived 

from the clinical evaluation of the implants inserted 

As can be seen from the results, ISQ values ranged 

50% decrease in micro-mobility of the implants.

DISCUSSION

and resorption of maxillary bone and pneumatization 

of the maxillary sinus with reduced bone volume as 

consequence of systemic diseases and metabolic 

. Box-plot of ISQ parameter values for all 85 implants.

a/a New bone formation in mm2 

 -  

Table I. 2 (mean value ± standard deviation).
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analysis in concentrate growth factors fraction.

rich block with concentrated growth factors alone. 

10. 

bisphosphonate-related osteonecrosis of the 

bjoms.2014.07.256

11. 

bone regeneration. A histomorphometric study in the 

calvaria of rats. Int. J. Oral Maxillofac Surg 2015; 

12. Inchingolo F, Panagiotis G, Georgakopoulos J, 

et al. Immediate implant placement by using 

bone-albumin allograft and concentrated growth 

factors: preliminary results of a pilot study. Oral & 
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14. 

15. Mallat S, Zhong S. “Characterization of signals from 

16. 

17. 

with autologous platelet concentrates provided 

month follow up period.

 A second important standing point of this approach 

is the achievement of higher implant stability due to 

the presence of PRP in both osteotomy and operation 

thrombi, and eventually, the graft also acts as a PRP 

stabilizer holding platelets all over the implanted 

area for promoting further healing and stability.

promising and safe alternative to conventional sinus 

stability by ISQ values and osseointegration via 

high success potential of this innovative approach. 

effective protocol, which is certainly less painful and 

traumatic for the patient.
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