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Abstract

:

(1) Background: The aim of the present in vitro investigation was to evaluate, on polyurethane sheets, two different drilling techniques for dental implant positioning using osteocondensing burs compared to a standard type protocol. (2) Methods: Three different implant designs (Implacil De Bortoli UN III 4 × 10 mm, Restore RBM 4 (HEX) × 10 mm; Implacil De Bortoli UN II 4 × 10 mm) were evaluated (test implant (osteocondensing drills) and control implant (standard drills)). The insertion torque (IT), the removal torque (RT) and the resonance frequency analysis (RFA) values of test and control implants inserted in different size and different density polyurethane foam models were compared for 120 experimental sites. Accordingly, 120 experimental holes were produced in different PCF polyurethane foams: 60 sites were produced in 10 PCF sheets and 60 sites in 10 PCF sheets with an additional 1 mm layer of 30 PCF. (3) Results: The IT, removal torque and RFA values were significantly higher for both of the evaluated implants, in the sites prepared with the osteocondenser drills when compared to sites prepared with standard drills (p < 0.05). The UNII and UN III showed significantly higher stability compared to the HEX implant; these differences increased drastically in the 10 PCF Polyurethane Block with the additional 1 mm cortical layer (p < 0.05). (4) Conclusions: The outcome of this investigation suggested a possible clinical application of osteocondensing burs in case of reduced bone quality and quantity in the posterior maxilla.
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1. Introduction


The implant site osteotomy represents a key surgical phase to obtain primary stability during the screw positioning in clinical practice [1,2,3]. In the literature, the primary stability has been demonstrated as a necessary condition to obtain the osseointegration of the dental implant, in order to support the masticatory loading [2,4,5].



This feature is conditioned by several factors related to the surgical technique, bone quantity and density, macro and microgeometry of the dental implant [2,6,7,8].



According to the Misch classification (1988), the decreased bone density and the lack of bone cortical, such as D4 bone type, could influence the obtaining of primary stability during the implant positioning [9]. Several techniques had been proposed to increase primary stability in vivo in maxillary posterior region such as: under-preparation drilling protocols, manual condensation osteotomy, piezoelectric devices [10,11,12,13].



The most used materials for implant drills is steel cooled with saline irrigation, but also zirconia drills have been proposed to decrease the temperature generated during implant osteotomy [14,15].



The Osseodensification drilling protocol is a new generation technique able to increase the primary stability in poor density bone. This procedure had been proposed to increase the quality of the osteotomy, densification of the bone site, indirect sinus augmentation and bone expansion [16,17]. Lahens et al. reported in poor density bone that implants positioned by osseodensification protocol showed a higher level of stability compared to standard subtractive drilling techniques at 12 weeks. No significant differences were reported about the osseointegration quality [18].



The polyurethane sheet model represents an in vitro study design for a dental implant able to standardize the biomechanical evaluation in order to generate a reduction in the experimental variables, with a high level of translational power for clinical applications [19,20,21]. As reported by Comuzzi et al., this study model permits to investigate the primary stability of a dental implant concerning the insertion torque (IT), removal strength torque (RT) and implant stability quotient measurements (ISQ) [16,17,18,19].



The aim of the present study was to evaluate on polyurethane foam sheets, the primary stability of dental implants positioned by Osseodensification drilling technique compared to the standard drilling protocol.




2. Results


The normality test null hypothesis could not be rejected (p-value > 0.05) and a normal distribution of the study data was present.



No significant differences were found in the values of the Test A and Test B implants between the standard and osseodensification protocol (Figure 1, Table 1). In both these implants, the insertion torque was quite low in the 10 pcf blocks, with a significant increase in the primary stability in 10 pcf blocks with a 1 mm 30 Pcf cortical layer, that resulted in a very good stability of the implants (p < 0.01) (Figure 1, Table 1).



A significant difference was present between the conical shape implants (Tests A and B) and the cilindrical implant, where the osseodensification drilling protocol showed a higher level of insertion torque levels (p < 0.01) (Figure 1, Table 1).



The removal values for both of these test implants were slightly lower than the insertion torque values in all experimental conditions (Figure 2). High ISQ values were found in both test implants (40–60) (Figure 3).



Control implants, on the other hand, presented very low insertion torque values (20–40 Ncm) in both polyurethane densities (Figure 3).




3. Discussion


The posterior region of the jaws is often associated with a decrease in bone quality causing the loss of teeth [22,23,24]. Implant positioning for oral rehabilitations of these regions could often represents a clinical challenge to obtain screw implant stability [10,25,26].



The first outcome of the present study was that the conical shape implant produced a significant increase in insertion stability strength, associated with higher values of ISQ if compared to the cylindrical screws.



As reported in literature studies, the macro-geometry of the dental implant is a key factor that produces a direct influence on Insertion Torque, Removal and Micromovement measurement [27,28].



Moreover, the associated conical microgeometry macrostructure seems to produce a positive effect on implant screw stability during the positioning with a higher stability if compared to the cylindrical implants.



The main characteristics of the study design model could represent an important variable, in terms of the bone density and cortical component of the experimental site and a translational value of the study effectiveness [19].



In fact, Almutairi et al. reported no significant differences in implant stability and insertion torque in an ex vivo model of a Cow femur bone [29].



Different drilling preparation techniques of implant bed preparation have been described in the literature [25,26]. Scarano et al. reported no statistical differences among fifty patients who experienced crestal bone resorption when comparing ultrasonic vs. drilling implant site preparation methods [30].



Regarding the bone heat generation, several factors such as drill geometry, drilling depth, profile sharpness, drilling speed, pressure, drilling technique, and use or not of irrigation could influence the temperature increase in the apical portion of the drill [14,26,31,32].



Lahens et al. in sheep ilium reported a significant higher stability with implant positioned with Osseodensification protocol [18].



The purpose of this new concept of the implant osteotomy protocol is to induce a controlled expansion of the implant site preparation with a clockwise rotation of the drill [17,18].



The osseodensification procedure is a technique able to produce a deposit of crusts of compact bone of 0.1–0.3 mm if compared to an undersized drilling technique that is able to produce a plastic deformation of the implant site osteotomy walls [6].



Moreover, the osseodensification technique is able to provide a less traumatic surgery, a reduction of surgery times and pain, a positive effect on maturation of the bone tissue and implant healing if compared to different alternative surgery expansion techniques such as split osteotomy [30,33].



In the present study, the effect of Osseodensification drilling protocol seems to produce no significant effectiveness on primary stability with discordant effects under in vitro standardized conditions on a polyurethane block.



The polyurethane sheet simulation provides a highly standardized design model for dental implant and drilling preparation techniques. In fact, several bone substrates have been proposed for in vitro implant studies such as bovine ribs, sheep mandible, pig tibiae and human cadaveric bones; however, local anatomical and density variability, environmental and sample temperature and humidity, as well as biological sample conservation represent potential limitations and determinant factors [5,27,33,34,35,36,37,38,39,40,41].



In fact, Trisi et al. reported, in a sheep study, a significant increase in the bone volume percentage (bV%) in the test site compared to the standard osteotomy protocol [42].



In the present investigation osseodensification drilling technique showed a significant increase in the insertion torque in very low-density bone with a 1 mm cortical layer, but no detectable differences were present in the absence of a cortical layer.



Chávarri-Prado et al. reported in a polyurethane study that the presence of the cortical layer represents a positive influence for the implant primary stability [43].



In order to facilitate a clinical translational application, the presence of the cortical component of the substrate seems to be a key determinant for the micro-mechanical engagement of the dental implant surface and the surrounding bone.




4. Materials and Methods


4.1. Implants


Two different Cone Morse connections and a conical shape implant were tested: UNII (Test A) and UNIII (Test B) (Implacil De Bortoli, Sao Paulo, Brasil). The size of Cone Morse implants were 4 mm diameter and 10 mm length.



The Test A implant presented a narrow-thread shape, double thread pitch, and self-tapping apex [44]. The Test B macro design presented wider thread, no double thread pitch, a round, not self-tapping, apex with healing chambers between the cutting surface of the threads [44].



Moreover, a cylindrical screw-shaped implant was used as control implant (Restore, Keystone Dental, Burlington, MA, USA). The size of the control implant was 4.1 mm diameter and 10 mm length.




4.2. Polyurethane Sheets Foam


According to the previous study by Comuzzi et al. [19,44], two different types of solid rigid polyurethane 120 mm × 170 mm × 31 mm foam blocks (SawBones H, Pacific Research Laboratories Inc., Vashon, WA, USA) were used for this study: the first one characterized by 10 pounds per cubic foot (pcf) with a 1 mm cortical of 30 pcf, and the second characterized by 10 pounds per cubic foot (pcf) without cortical.




4.3. Experimental Design and Sample Size


The Sample-size calculation was based on mean and standard deviation of a previous study [44], with an alpha error of 0.05, an effect size of 0.75, and power (1-beta) of 0.95. The minimum number was 42 sites for each drilling protocol, for a total of 84 sites.



A total of 120 preparation sites were performed for the present investigation. Ten implants respectively for Test A and Test B Implants for both of the drilling protocols and polyurethane densities (total 80 implants), and 10 control implants for each experimental condition (10 and 20 pcf) (total 40 implants).




4.4. Osseodensification Drilling Protocol


The osseodensification protocol was applied using the 2 mm drill, 3 mm drill and 3.5 mm drill (Figure 4).



The experimental drills were all used in counter-clockwise rotation to provide a condensation effect at the level of the implant site. The standard drilling and the implant positioning were performed following the dental implant manufacturer’s protocol (Figure 5).




4.5. Stability Measurement


The insertion torque was measured by the dental implant surgical motor during the positioning of the screw. The Removal torque was recorded by a high precision electronic dynamometric torquemeter to evaluate the extraction resistance of the implant from the preparation site.



The implant stability quotient (RFA) method is carried out by an electromechanical measurement. An electrically and electronically controlled high sensitive device applied on implant screw.



The implant stability quotient (ISQ) ranged from 0 to 100 and the range was divided into low (less than 60 ISQ), medium (60–70 ISQ), and high stability (more than 70 ISQ). For each specimen, the RFA measurement was repeated 2 times (Figure 6).




4.6. Statistical Analysis


The insertion torque, removal torque and ISQ means were statistically analysed by the Shapiro–Wilks test to evaluate the normal distribution of the study data, where the null hypothesis tested was that study data were normally distributed. The two-way ANOVA followed by the Tukey post-hoc test was performed to evaluate the inter-group comparisons. The descriptive statistics and statistical data evaluation were performed by the software package GraphPad 6.0 (Prism San Diego, CA, USA). The level of significance was set for p < 0.05.





5. Conclusions


According to the evidences of the present investigation and the limits of in vitro polyurethane research, macro-geometry seems to produce the main important influence on the primary stability condition of poor density bone. The osseodensification drilling protocol seems to produce a positive influence for primary stability in poor density bone with a residual cortical component.
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Figure 1. Insertion torque of the UN II, UNIII and HEX implant. n.s. not significant. 






Figure 1. Insertion torque of the UN II, UNIII and HEX implant. n.s. not significant.
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Figure 2. Removal torque of the UN II, UNIII and HEX implant. n.s. not significant. 






Figure 2. Removal torque of the UN II, UNIII and HEX implant. n.s. not significant.
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Figure 3. Resonance frequency analysis (RFA) of the UN II, UNIII and HEX implant. n.s. not significant. 






Figure 3. Resonance frequency analysis (RFA) of the UN II, UNIII and HEX implant. n.s. not significant.
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Figure 4. Osseodensification drilling kit used in the present study. 
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Figure 5. UNII and UNIII Cone Morse Implant. In detail the standard drilling sequence protocol. Lance, pilot 2.1 mm and final conical drill. A cylindrical final drill was used to position the control implant. 
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Figure 6. Implant positioned into the polyurethane block. ISQ measurement. 
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Table 1. Summary of insertion torque (IT), removal strength torque (RT) and implant stability quotient (ISQ) means and standard deviation of the experimental conditions.
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10 PCF

	
10 PCF/Cort




	

	

	
UN II Stand

	
UN II Cond

	
UN III Stand

	
UN III Cond

	
HEX Stand

	
HEX Cond

	
UN II Stand

	
UN II Cond
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