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Abstract

:

Background: The conventional drill technique is the most commonly used for the implant site preparation of the desired diameter and length. Ultrasonic implant site preparation (UISP) can also be used to perform an implant site preparation of the desired dimensions. Methods: Implant sites were prepared in fresh bone ribs with two different implant site preparation techniques: implant surgical drills and piezoelectric tips. Samples were analyzed with scanning electron microscopy (SEM) for evaluating the peri-implant bone damage. Result: In the surgical drills group, the cortical bone surface showed several cracks and the bone vascular canals were hidden by a dense smear layer. Cancellous bone showed large irregularities and trabecular fractures. The piezoelectric group showed a clean and smooth cortical bone surface with opened bone vascular canals; the cancellous bone presented a regular morphology, and the trabecular spaces, clearly visible, were free of debris. Conclusions: Ultrasonic implant site preparation showed cleaner bone surfaces and lower bone trauma compared with the preparation using implant surgical drills.
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1. Introduction


Research has improved many aspects of dental implant therapy: surgical planning, implant placement, fixture surface and macro-morphology, and prosthetic rehabilitation [1,2,3,4,5,6,7]. The surgical drill technique is the most common implant site preparation method. It uses a sequence of progressive cylindrical or conical drills to obtain a bone perforation of desired dimensions [8,9]. It generally requires a surgical drill torque rotation of 15–50 N/cm and an intraoperative pressure of 2–6 kg. The production of bone fragments compressed on peri-implant bone surfaces can be a consequence of this surgical technique [9,10,11,12,13]. Some authors have reported that bone fragments and debris, produced during the implant site preparation, may promote osseointegration [14,15,16]. However, others have suggested that this bone damage may interfere with osseointegration, activating peri-implant bone remodeling [17,18,19,20,21,22]. The necrotic tissue may change the pH and biochemical environment and promote a macrophage activation [23,24]. Some authors have suggested reducing the mechanical and thermal trauma, focusing on macrostructural bur components to promote minimal traumatic preparation and to reduce bone fragment production [24].



Different implant site preparation techniques have been proposed in relation to bone density: bone tapping in more dense bone; undersized implant site preparation; self-tapping implants or bone compacting techniques in soft bone [25,26,27,28].



Piezosurgery® and Er: YAG lasers represent two different bone perforation techniques that have proposed to overcome traditional surgical procedures [29,30,31]. Ultrasonic implant site preparation (UISP), introduced in 2010, assures a precise implant site preparation; this surgical technique uses linear mechanical micro-vibrations at ultrasonic frequency, ranging from 24 to 36 kHz in relation to the bone density [14,32]. Its cooling solution provided by internal irrigation is useful to clean the implant site [33,34,35,36].



This in vitro scanning electron microscopy (SEM) evaluation shows the cortical and cancellous bone damage procured by conventional and ultrasonic implant site preparation techniques.




2. Materials and Methods


Bovine bone blocks were obtained from the ribs of animals slaughtered in a local meatpacking house. Bone was fresh and hydrated. The bovine specimens were selected because they are commonly used as a model in bone biomechanics; the bone structure of the rib is similar to an atrophic jawbone [16]. Five bovine ribs with dimensions of 25 × 4 × 1 cm were used. Implant site preparation occurred under profuse saline irrigation for both the ultrasonic and drill techniques, assuring the same room temperature. Two implant sites, 7 mm in depth and 3 mm in diameter, were prepared in each bone block, the first using bone drills for implant site preparation (group A) and the second using UISP (group B).



2.1. Implant Site Preparation for Standard Drills


Standard drill implant site preparation (group A) was performed with a sequence of three cylindrical twist drills with dimensions of 1, 2, and 3 mm (Mectron, Carasco, Genova, Italy). The twist drills were used with a rotating speed of 800 rpm, a torque rotation of 30 N/cm, and a pressure of 3 kg.




2.2. Ultrasonic Implant Site Preparation


Implant site preparations of group B were performed using a Piezosurgery® 3 unit with insert tip OT4 (Mectron, Carasco, Genova, Italy). A sequence of three diameters (1, 2, and 3 mm) were used. The Piezosurgery® device generated continual variation between 58 and 66 Hz and a range of mechanical micro-vibrations of approximately 40 μm, with a pressure of 0.4 kg.



Ten holes were made for each technique. After implant site preparation, each bone block was cut through the middle and processed for SEM analysis. The bone walls of the implant site preparation were not cleaned of the smear layer and debris before the SEM analyses.





3. Results


The UISP technique needed less pressure than the conventional technique for perforating the bone, resulting in better microsurgical precision and intra-operative control.



3.1. SEM Morphologic Analysis


The morphologic analysis showed differences between the implant sites prepared with a standard drill technique (group A) and UISP (group B).



3.1.1. Group A—Drill Implant Site Preparation


In the cortical bone of group A, the bone walls appeared signed by several turning strips and showed several interconnected micro-cracks, exfoliating the lamellar bone surface in parallel layers, mostly perpendicular to the work axis of the implant drills (Figure 1a). Mineralized bone fragments and bone marrow particles crushed by the cutting edges of the drilling bit were spread over the bone walls, forming a dense smear layer (Figure 1b). This smear layer appeared stuffed at the bone walls, closing most of the bone vascular canals and filling the small medullary spaces of the cortical bone.



Signs of trauma as a result of drilling were also seen in cancellous bone where the trabeculae appeared extensively damaged. Large empty spaces, like bone lacunae, were visible at the implant site walls, probably due to a lack of trabeculae caused by the impact of the cutting blades (Figure 2a), so the shape of the bone preparation appaired irregular with several craters. Fragments of damaged trabeculae appaired packed into the available medullary spaces (Figure 2b).




3.1.2. Group B—Ultrasonic Implant Site Preparation


In the cortical bone of group B, bone surfaces appeared clean, slightly roughened by piezoelectric action, and many open vascular canals were visible. No bone fragments or biologic material were seen over the bone walls, and the bone vascular canals appeared clean and open, including the haversian canals and the few small medullary spaces of the cortical bone (Figure 3).



Compared with group A, cortical bone appeared intact, showing more opened vascular canals and an evident reduction of damage. Bone cracks were very rare and never interconnected. No signs of delaminate bone layers were observed (Figure 4A,B).



At a higher magnification, hemispheres exposed by the vibrating action of piezoelectric implant site preparation were observed all over the cortical bone (Figure 5a). These hemispheres represented the exposed extremities of the collagen fibers and other bone proteins that constitute the architecture of the lamellar bone. Ultrasonic shock waves coupled with cavitation of the saline cooling solution disaggregated the peripheral calcium phosphate crystals from collagen fibers, releasing the proteins of the bone matrix. After UISP, the cancellous bone preparation showed cleaned walls, completely free of bone fragments (Figure 5b).



The architecture of the mineralized trabecular structure in the vicinity of the implant site was exposed to powerful ultrasonic cavitation of the cooling solution, which detached the bone marrow and the periosteum from the trabeculae. The trabecular bone, under SEM, revealed a significant reduction of fractures by the action of UISP when compared with implant drills (Figure 6a,b).






4. Discussion


In recent decades, many authors have sought to identify factors that minimize damage during implant site preparation [1,2,3,4,5,6,7,8,9,10]. An appropriate procedure should procure a thin layer of necrotic bone subsequently replaced by vital bone tissue [25,26,27,28]. All of the surgical factors that increase the thickness of the bone necrotic layer can negatively compromise implant osseointegration. Extension of the necrotic zone around the preparation site is considered proportional to the amount of heat generated during osteotomy, which can be related to different factors: (i) the operator (pressure, status, movement, speed, and duration of drilling); (ii) the manufacturer (design and sharpness of the drill and the irrigation system); (iii) the implant site (cortical thickness, bone density, and depth drilled); (iv) the patient’s age; (v) the surgical method (drilling, ultrasonic, and condensation [1,2,3,7,8,9]). The bone damage is related to the magnitude of the temperature elevation and the time the tissue is subjected to a damaging temperature, identified as 47 °C for 1 min [15,16,17,18,19,20,21,22]. Heat generation, as evidenced by Matthews and Hirsch [20], can also be influenced by the manufacturer’s precision (sharpness of the cutting tool) [15] and by the surface deformation and roughness shown by the worn burs that cause a more significant and continuous temperature rise than new burs [16,17]. Drill wear is another important factor in heat generation during bone drilling [1,9]. It is an unavoidable and irreversible process, which increases friction in the cutting zone [12]. As well as a negative thermal impact, wear causes higher cutting forces and drill vibrations, which can result in cutting edge breakage or complete drill breakage in the flute or shank zone [12]. The literature data reports that, for thermal impact, ultrasonic tips are safe when properly used [37]. Ultrasonic vibrations provide a “gentler action” involving less local delivery of mechanical energy than rotating techniques [8,37].



This study showed the capacity of UISP to better preserve the cortical and cancellous bone structure and vascularization in comparison with the conventional surgical drill technique. The SEM evaluation of this research evidenced that the use of surgical bone drills can be destructive, breaking off large fragments of trabeculae and weakening bone in the vicinity of the implant site, leaving bone fragments likely to occlude medullary spaces and the three-dimensional cortical bone vascular canal system. Bone vascular canal lesions may interfere with peri-implant bone nutrition and cortical bone damage may stimulate early osteoclastic activation [16]. In cancellous bone, the broken trabeculae can be removed by the drill and the cooling fluid, or will form the peri-implant bone structure [38]. Detached trabeculae stuffed in the surgical implant drill–bone interface may produce an intraoperative increase in the insertion torque levels, causing thermal bone damage; the presence of necrotic bone tissue in the bone–fixture interface may also cause macrophagic osteoclastic activity, reducing the primary stability of the implant and delaying the osseointegration process.



Cortical bone preparation with Piezosurgery® allows the preservation of the bone surface, considerably decreasing the presence of micro-fractures and a smear layer. The characteristic cleaned bone surface also avoids closure of bone vascular canals by the compression of bone debris between bone surfaces and the cutting device. In cancellous bone, Piezosurgery® assures a precise cutting of the trabeculae and a reduction of cracks weakening the bone structure and fragments compressed into the trabecular architecture. The thin fragments produced may also release bone osteoinductive proteins (BMPs) in the early phase of implant healing [39].



A less traumatic strategy for implant site preparation by Piezosurgery® compared with the standard surgical drill technique is also assured by reduced pressure during the osteotomy [40]. For effective cutting, the surgical implant drill technique requires a torque rotation of 15–50 N/cm and a pressure of approximately 2–6 kg exerted by the operator’s hand; this can reduce the surgical precision and can induce thermal bone damage. The cutting power of the current Piezosurgery® devices are assured by mechanical micro-vibrations of approximately 40 μm with a frequency ranging from 30 to 70 Hz and a pressure of 0.4 kg [41]. This allows the intraoperative regulation of forced oscillation in relation to the degree of bone density [42].



Another important aspect is the primary stability that the implant site preparation assures. Detached trabeculae stuffed in the surgical implant drill–bone interface may produce an intraoperative increase of the insertion torque levels favoring thermal bone damage; the presence of necrotic bone tissue in the bone–fixture interface may also activate macrophagic osteoclastic activity, thereby reducing the primary stability of the implant and delaying the osseointegration process [16]. Rebaudi et al. reported an impressive reduction in the stability and reverse-torque levels in the first weeks of healing after forced insertion of mini-implants in undersized sites [32]. Some authors have reported how the preparation of the implant site through a bone condensation method achieves only “the illusion” of stability at the implant insertion by compression of fractured bone fragments on the damaged bone walls of the implant site [43,44,45,46,47]. This process really occurs in well-vascularized sites and in the absence of traumatic bone damage that may cause inflammatory responses and an increase in macrophage activity [16]. The presence of compressed bone fragments and the absence of adequate vascularization may delay or inhibit peri-implant osseointegration [48]. Many authors have therefore suggested that implant site preparation using surgical drills, rather than bone compactors, results in more predictable peri-implant bone healing [45,47]. This study was only able to evidence the cutting precision and the minimizing of trauma to the bone structures during the cutting action, but no information about the assured implant primary stability could be reported. Some authors have reported how piezoelectric osteotomy compared with conventional methods requires a longer surgical time [8,37]. Traditional surgery therefore undoubtedly maintains the record for speed of execution, even if it is a method of implant site preparation that presents higher risks related to operative maneuvers and lower comfort for the patient.




5. Conclusions


SEM evaluation shows how ultrasonic implant site preparation is able to assure cleaner bone surfaces and lower bone trauma compared with the conventional surgical implant drill technique.
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Figure 1. Scanning electron microscopy (SEM) analysis of a drill implant site preparation: (a) The attrite of the sharp tip of the drill on cortical bone formed an implant site signed by several turning strips. Compressed bone fragments formed a smear layer covering most of the bone vascular canals. (b) SEM micrograph magnification shows the walls of the implant site preparation, which present micro-cracks exfoliating the cortical bone in parallel layers, perpendicular to the work axis of the drill. 






Figure 1. Scanning electron microscopy (SEM) analysis of a drill implant site preparation: (a) The attrite of the sharp tip of the drill on cortical bone formed an implant site signed by several turning strips. Compressed bone fragments formed a smear layer covering most of the bone vascular canals. (b) SEM micrograph magnification shows the walls of the implant site preparation, which present micro-cracks exfoliating the cortical bone in parallel layers, perpendicular to the work axis of the drill.



[image: Applsci 10 08909 g001]







[image: Applsci 10 08909 g002 550] 





Figure 2. SEM analysis of a drill implant site preparation: (a) Drill group shows signs of trauma as a result of drilling, which were also seen in trabecular bone. Bone trabeculae seemed fractured and not precisely cut. (b) SEM micrograph magnification shows some large bone chips that had detached from the walls of the implant site during drill preparation; these were packed into the medullary spaces of the trabecular bone, often filling most of the available space. 
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Figure 3. SEM analysis of ultrasonic implant site preparation. Bone surfaces appeared slightly roughened by piezoelectric preparation. No smear layer, bone fragments or biologic material were seen over bone walls, and the bone vascular canals appeared clean and open, including the haversian canals and the few small medullary spaces of the cortical bone. 
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Figure 4. These SEM micrograph magnifications compare cortical bone preparations: (A) Performed with the drill; (B) performed with the ultrasonic technique. Compared with group A, the cortical bone of group B showed more opened vascular canals and an evident significant reduction of damage. 
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Figure 5. SEM micrograph magnifications of an ultrasonic implant site preparation: (a) Textured appearance of the bone surface due to hemispheres, which represent the extremities of the collagen fibers. (b) The cancellous bone walls were cleaned, completely free of bone fragments. The architecture of the mineralized trabecular structure seemed well preserved and the bone trabeculae appeared precisely cut. 






Figure 5. SEM micrograph magnifications of an ultrasonic implant site preparation: (a) Textured appearance of the bone surface due to hemispheres, which represent the extremities of the collagen fibers. (b) The cancellous bone walls were cleaned, completely free of bone fragments. The architecture of the mineralized trabecular structure seemed well preserved and the bone trabeculae appeared precisely cut.



[image: Applsci 10 08909 g005]







[image: Applsci 10 08909 g006 550] 





Figure 6. SEM analysis of ultrasonic implant site preparation: (a) The spongious structure of the implant site reveals intact trabeculae and a reduction of fractures. (b) SEM micrograph magnification shows how the exposed spongious bone presented cleaned surfaces. 
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