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Abstract

:

Background: The blood wettability of titanium implant surfaces favors primary osseointegration and tissue healing in peri-implantitis. The current study aims to evaluate this property on the main different kinds of surfaces, brand new and after treatments. Methods: grade IV titanium disks were used, five machined, five laser-treated, five sandblasted. The experiment was on four steps. Between each step, specimens were sterilized. At the end of each step, a 4 µL blood drop was put on the samples, and contact angles were calculated. The steps consisted of—1: no treatment; 2: surface instrumentation with an ultrasonic titanium tip; 3: platelet-rich fibrin (PRF) coating and drying with sterile gauze; 4: etching with phosphoric acid, rinse and saline solution and air-drying. At the end of each phase, a blood drop was placed on the surfaces. Blood for PRF preparation and for calculation of contact angles was collected from a single source. Results: average wettability decreased after instrumentation, and increased after the PRF application to a superior level both to the first and second steps. The highest wettability was obtained after etching. This trend is statistically significant for machined and sandblasted surfaces. Conclusions: In the clinical environment, PRF and phosphoric acid used for conditioning exposed implant surfaces can be used for the healing of peri-implant tissues.
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1. Introduction


It is demonstrated that dental implant surface microgeometry influences platelet response [1]. In particular, when platelets interact with the implant surface, they release many growth factors and cytokines (TGF-β, TNF, EDGF), creating a chemical gradient that activates surrounding platelets [2]. Implant surfaces on the market can be subdivided into two macro-categories: machined smooth surfaces and rough surfaces. A rough surface is created starting from a machined surface, applying surface modification: etching, sandblasting or laser-treatment [3].



Surface modification technique using a laser allows obtaining surfaces with a high grade of superficial purity (challenging to obtain in sandblasted and acid-etched surfaces). With the laser technique, an extremely regular surface is obtained [4]. The surface is characterized by micro pits that sustain cell adhesion and proliferation, and by a surface roughness that inhibits bacterial adhesion and biofilm formation [4,5].



Another factor able to influence peri-implant bone healing is blood wettability. In vitro studies demonstrated that adhesion, spreading, and proliferation of osteoprogenitor cells are more rapid on a more wettable surface than on a less wettable surface [6]. Wettability is the ability of a liquid to maintain contact with a solid surface [7]. These aforementioned aspects have the following practical effect: when adhesion forces are superior to cohesion forces, the liquid wets the solid surface more [7,8].



Platelet concentrates are used as topical agents to improve surgical wound healing. Among other platelet concentrates, platelet-rich fibrin (PRF) has emerged as a valid choice. It has been demonstrated that PRF can be used in bone regeneration. Its production technique [9] is simple and does not require biochemical blood manipulation. PRF is obtained by blood sampling the patient and then centrifuging the blood sample. After centrifugation, blood components are separated and PRF can be extracted. Its use must be contextual to its preparation because its conservation is impossible. There are many clinical studies in the literature from case reports to research on population samples and also systematic reviews in which PRF was used alone or in combination with other medications in oral surgery (for maxillary sinus lift [10,11,12,13,14], treatment of maxillary sinus perforation [15], ridge preservation [16,17,18,19,20,21]), implant dentistry (to increase implant stability and favour osseointegration [18,22], for immediate implant placing [23,24]), periodontology (periodontal and soft tissue repair [16,25,26]) and peri-implantitis treatment (peri-implant keratinized mucosa width increase [27] and retrograde peri-implantitis treatment [28]).



The current study aimed to evaluate the blood wettability of grade IV titanium sample surfaces with different microgeometry: wettability was calculated before and after instrumentation with an ultrasonic grade IV titanium tip, after instrumentation with an ultrasonic grade IV titanium tip, after instrumentation and PRF pre-treatment, and after instrumentation and pre-etching with 38% phosphoric acid.




2. Materials and Methods


The current study was conducted with blood sampling from a single source: a caucasian male donor with Ethical Committee permission n84/2017 (University of Trieste). The volunteer signed a specific, informed consent for blood sampling and treatment of his blood for scientific purposes. Moreover, the volunteer certified the absence of systemic and/or infectious pathologies, allergies, and did not take medications. Lastly, he committed to not take drugs and/or medications during the study period. Blood did not subdue biochemical manipulation. An amount of 2 cl was used for calculating the angle on the implant surface of specimens (Figure 1) without PRF. Additionally, 10 cl was used for the preparation of the PRF.



For this purpose, blood was collected in an empty test tube placed in the appropriate centrifuge (Spectrafuge® 6c—Labnet International®, Inc., Edison, NJ, USA) with 8.5 cm centrifuging radius. In order to obtain PRF, blood centrifugation lasted 10 min at 3000 r.p.m. [9]. An amount of 2 cl of the blood sample was used to calculate the contact angle between the implant surface and blood of the titanium samples after the PRF application and 2 cl of blood sample was used after phosphoric acid (38%) etching. Blood collection was repeated, when necessary, at different times to avoid coagulation. In the current study, a Leica MZ16® (Leica®, Wetzlar, Germany) optical microscope with Leica FDC 320® camera (Leica®, Wetzlar, Germany) with Image ProPlus® software Media Cybernetics®, Inc., Rockville, MD, USA) was used to take profile pictures of titanium samples. Five grade IV titanium disks were used for each surface type: machined, laser-treated, and sandblasted (Figure 2) with a Biohit m1000® micropipette (Biohit®, Helsinki, Finland). Contact angles were then calculated as described in Figure 1.



In step 2, disks were instrumented as here described: the entire top surface of the titanium disks was instrumented with an Acteon Implant Protect® ultrasonic grade IV titanium tip (Acteon India® Pvt Ltd., Gurugram Haryana, India) set on a Satelec® scaler (Satelec® Sas, Merignac, Cedex, France) for a total of 40 strokes by a single operator (FF). The scaler tip was angulated tangentially, and care was taken to exert minimal lateral pressure. Calibrations were performed before the experiment, and the average force applied in this study was 30 g. The back-and-forth movement was performed in the same direction for 40 strokes. Scaler power of 3/10 was applied at 25 to 32 kHz frequency. Samples were then thoroughly air-dried, and a 4 µL blood drop was put on them. Contact angles were then calculated.



In step 3, PRF was applied to the (previously instrumented) disks by completely soaking them in it. Samples were then dried with sterile gauze [29]. An amount of 4 µL of blood was dropped on the samples. Contact angles were then calculated.



In step 4, a 30-second phosphoric acid (38%) etching was performed on the (previously instrumented) surfaces. Samples were then washed with saline solution 0.9% for 20 s and thoroughly dried with compressed air. An amount of 4 µL of blood was dropped on them, and contact angles were then calculated.



This 4-step procedure was performed on all 15 samples.



Data were represented as average and standard deviation. Statistical analyses were performed utilizing Origin® software (OriginLab Corporation®, Northampton, MA, USA).



Kolmogorov–Smirnov test was performed. The comparisons of normally distributed data that respected the homoscedasticity of variances (Levene test) were analyzed with the one-way ANOVA test, applying Tukey’s correction. Data that did not satisfy the homoscedasticity of variances were analyzed by Kruskal–Wallis and Mann–Whitney non-parametric tests with Bonferroni’s correction. Statistical significance was pre-set at α = 0.05.




3. Results


Contact angle values are reported comparing the three implant surfaces (Figure 3a) and the four experiment steps (Figure 3b). Regarding machined titanium surfaces, after ultrasonic instrumentation, wettability decreased (47.39° ± 13.19° to 56.58° ± 12.93°). PRF coating increased wettability (33.66° ± 03.28°) with respect both to instrumented and brand-new samples. By pre-etching with phosphoric acid 38% wettability increased (28.62°± 02.16°) to the highest level for the machined group, superior to PRF pre-treatment, too. Regarding laser-treated titanium surfaces (43.62° ± 08.17° to 51.01° ± 03.43°), after ultrasonic instrumentation, wettability decreased. PRF increased wettability (32.87° ± 01.67°) compared to instrumented and brand new average values. By pre-etching with phosphoric acid, wettability increased (28.26° ± 01.51°) to its highest level for the laser-treated group, superior to PRF pre-treatment, too. Regarding sandblasted titanium surfaces (43.26° ± 12.85° to 76.46° ± 07.01°), after ultrasonic instrumentation, wettability decreased. The average value with PRF increased wettability (38.83° ± 08.43°) with respect both to instrumented and brand-new average values. By pre-etching with phosphoric acid, wettability increased (25.74° ± 02.16°) to its highest level for the sandblasted group, superior to PRF pre-treatment, too.



Statistical Analysis


All the data satisfied the normality (Kolmogorov–Smirnov test). The homoscedasticity of variances (Levene test) was verified in all the comparisons except for comparing the treatments in the laser-treated group.



Despite the low number of samples analyzed, reliable measurements of contact angle, with low variability, could be obtained. Regarding the four study steps, no significant difference was found between machined, laser-treated, and sandblasted groups, except for study step 2 (after instrumentation). A significant difference was found between the sandblasted and machined group and between the sandblasted and laser-treated group.



Regarding the 3 surface types, in the laser-treated surface, there was no significant difference between each step. Regarding the machined surface, there was a significant difference between instrumented and PRF, between non-instrumented and etched, and between the instrumented and etched group. A statistically significant difference was found regarding the sandblasted surface, between non-instrumented and instrumented and etched steps (Figure 3).





4. Discussion


In the current study, wettability decreased after titanium tip ultrasonic instrumentation and increased after PRF pre-treatment to a level superior to the untreated samples. Duske et al. (2012) used a cold atmospheric pressure gas-discharge plasma to reduce water contact angles on titanium disks with different surface topography: machined, SLA®, SLActive®, diamond bur-treated or Airflow®-treated. They found out that the contact angles of titanium disks (baseline values: 68°–117°) were significantly reduced close to 0° irrespective of surface topography after the application of argon plasma with 1.0% oxygen admixture for 60 s or 120 s. The device used emits a cold flame. Temperature measurement yielded 42° at the tip of the plasma jet [30] potentially permitting its use in the clinical environment. Montazeri et al. 2019 applied blood, fetal bovine serum and phosphate-buffered saline (PBS) on (brand-new) commercial implants. Wettability increased from no coating control group (74.7° ± 3.683°) to its highest level after blood coating (10.4° ± 0.747°) [31].



Phosphoric acid (38%) etching resulted in an increased wettability with respect to PRF pre-treatment. The authors found out that this trend is the same on smooth machined and irregular roughness sandblasted surfaces; this aspect can be useful if applied to the clinical environment. If a patient comes to the hospital with peri-implantitis, the clinician might not be able to know what kind of surface he is dealing with, considering that many implant systems are present on the market. The current study suggests that ultrasonic instrumentation and then PRF or phosphoric acid etching are a valid strategy to be applied in all cases. In a parallel study of the authors, we performed energy-dispersive X-ray spectroscopy (EDX). We found out that particulate left by utilizing grade IV titanium ultrasonic tip on grade IV titanium specimens left a particulate mainly composed of titanium [32]. This fact could be interesting, considering the biocompatibility of titanium. In the literature, there are some in vivo studies in which smooth machined brand new fixtures undergo sandblasting and acid etching. After that, implants are placed on the animal bone (rats or rabbits) to study the primary osseointegration [33,34,35]. In vitro studies on the same topic are present, too [36,37,38,39].



The current study differs because we etched a surface previously instrumented to simulate an implant already affected with peri-implantitis. In the current study, we chose to use phosphoric acid (38%) because it is also a frequently used chemical in the dental office, particularly in restorative dentistry.



Surface roughness difference between brand new and instrumented surfaces is a topic of a parallel study [32]. We observed a roughness decrease in laser-treated and sandblasted surfaces and a non-significant increase in machined surfaces. SEM laser-treated surfaces maintained their original micropatterned aspect. Regarding the clinical aspect, the surface conditioning technique by titanium grade IV instrumentation ultrasonic tip (same hardness) created a particulate mainly made of titanium, and for the sandblasted one, a few traces of alumina are observed. In the literature, titanium has been reported to cause foreign body reactions, too, also considering that particulate is not aseptic in the peri-implant niche.



The surface conditioning technique by using PRF coating permits avoiding the release of particulate matter. Both PRF coating and etching implant surface techniques are easy dental procedures and are not expensive. The use of PRF coating, instead of other materials also entails low morbidity. Increasing wettability by conditioning exposed implant surface favors the coat formation. Even though implant conditioning by PRF or etching increase wettability, ultrasonic instrumentation should be preceded to clean the surfaces from calculus/dental plaque, so that PRF or phosphoric acid can properly adhere to the titanium surfaces.



A limit of the current study is that it is focused on the chemical surface aspect. Further biological investigation is needed, i.e., with osteoblast cell models to evaluate adhesion, proliferation and extracellular matrix synthesis. Histological analyses focused on the investigation of cell attachment and subsequently with growth and bone growth and apposition on the implant, will be useful to determine the proper surface roughness. This will be the object of a future study. Another limit of our study is that sandblasted samples were used, whereas nowadays the SLA (Sandblasted Large-grid Acid-etched) surface is the most common surface modification in dental implants; this choice was taken in order to focus the investigation on the chemical surface aspect, starting from the same type of surface, which varied only for the roughness.




5. Conclusions


Increasing wettability was observed regardless of implant surface type, smooth or irregular-rough, even though the surfaces considered were already instrumented with ultrasonics. This is applicable to the clinical environment because if a patient comes to the hospital with peri-implantitis, the clinician does not know—considering the large number of implant systems on the market—which kind of surface he is dealing with. The PRF and phosphoric acid effects do not depend on the implant factory treatment nor if it had or not been already instrumented.



PRF is also simple to produce, not expensive, and autologous with no morbidity, and phosphoric acid (38%) is widely used in dental offices for restorative dentistry.



These aspects entail that PRF or 38% phosphoric acid utilized for the conditioning of exposed implant surfaces can be useful in the healing of peri-implant tissues.
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Figure 1. (a) Geometric construction for the determination of the contact angle. These reference points are straight line a, passing across the two points of contact between implant surface and the blood drop, straight line b, which is the radius of the circumference created by the blood drop (constructed with best fit), prolonged to intersect one of the point of intersection between the circumference and the line a, and the line c, perpendicular to line b and tangential to the circumference at the point of intersection with line a. With these reference points, it is possible to calculate the angle between line c and line a, which corresponds to the contact angle between the blood drop and the surface. The smaller is the angle, the greater is the adhesion of the drop, and therefore the greater is the wettability. (b) Picture was taken with Leica FDC 320® camera (Leica®, Wetzlar, Germany) set on an optical microscope Leica MZ16® (Leica®, Wetzlar, Germany). Reference points in the picture were marked with Image ProPlus® software (Media Cybernetics®, Rockville, MD, USA). 
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Figure 2. 3× and 300× magnification of brand new titanium surfaces before instrumentation (t0) and after instrumentation (t1). 300× magnification was obtained with a scanning electron microscope (SEM) (Quanta 250 SEM®, FEI Company®, Hillsboro, OR, USA). Considering the laser-treated 300× micrographs, it seems that this surface is the one that maintains its “grid structure” characterized by regular roughness. 
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Figure 3. (a) Histogram comparing the three implant surfaces. No significant difference was found between machined, laser-treated, and sandblasted surfaces within brand new, platelet-rich fibrin (PRF), and etched groups. A statistically significant difference was found within the instrumented group between sandblasted and machined and between sandblasted and laser-treated surfaces. (b) Histogram comparing the four experiment steps. No significant difference was found within the laser-treated surface. Significant differences were found within machined surfaces (between brand new and etched, instrumented and etched, instrumented and PRF groups) and sandblasted surfaces (between brand new and instrumented, brand new and etched, instrumented and PRF, instrumented and etched groups). Statistically significant differences between samples are reported with an asterisk (*, p < 0.05); NS: Not significant.” 






Figure 3. (a) Histogram comparing the three implant surfaces. No significant difference was found between machined, laser-treated, and sandblasted surfaces within brand new, platelet-rich fibrin (PRF), and etched groups. A statistically significant difference was found within the instrumented group between sandblasted and machined and between sandblasted and laser-treated surfaces. (b) Histogram comparing the four experiment steps. No significant difference was found within the laser-treated surface. Significant differences were found within machined surfaces (between brand new and etched, instrumented and etched, instrumented and PRF groups) and sandblasted surfaces (between brand new and instrumented, brand new and etched, instrumented and PRF, instrumented and etched groups). Statistically significant differences between samples are reported with an asterisk (*, p < 0.05); NS: Not significant.”
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