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Abstract

:

This in-vitro study assessed the effect of an underdrilling implant placement protocol on the insertion torque, implant surface temperature and surface roughness (Sa) topography of the cervical microthreads of implants. Three groups of 25 implants (3.75 mm × 10 mm) were placed in osteotomies prepared in an artificial bone disc with final diameters of 3.65 mm according to the manufacturer’s instructions and in osteotomies prepared in accordance with an underdrilling protocol with final drill diameters of 3.2 and 2.8 mm (groups D3.65, D3.2, D2.8, respectively). Implants were inserted at a constant rate of 30 rpm. The surface temperature of the implants was measured with a thermal camera and temperature amplitude (Temp-Amp) was calculated by subtracting the room temperature from the measured implant surface temperature. Upon implant retrieval, coronal surface topography was assessed using a Nanofocus µsurf explorer and compared to a set of 25 new implants (control group). The differences between groups were compared using one-way ANOVA (p < 0.05). Significantly higher insertion torque, surface temperature values and significantly smaller average Sa values were measured in the implants inserted in undersized preparations. The highest temperature, insertion torque and Temp-Amp values and the largest decrease in Sa were measured in the D2.8 group. The lowest values were measured in the D3.65 group.
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1. Introduction


The primary stability of the implant is one of the crucial factors for successful osseointegration. It is affected by bone density, the implant placement technique and the implant geometry [1]. The implant geometry includes its macrostructure and microstructure. The macrostructure defines the number and shape of implant threads, while the microstructure includes the implant surface morphology, the surface material, surface roughness characteristics and the type of coating [2]. The purpose of implant threads is to increase the primary and secondary stability of the implant, increase its surface area and enable an optimal distribution of the forces acting upon the implant and the surrounding bone [3,4].



Moreover, implant primary stability is greatly affected by the osteotomy preparation process [5,6]. An undersized-drilling protocol—a technique in which the implant is placed in an osteotomy with a smaller diameter than the implant itself—enables the surgeon to increase the primary stability of the implant and, upon healing, may result in higher bone to implant contact (BIC) values, especially in low-density bone [7,8]. During underdrilling, small fragments of bone are compressed towards the intertrabecular spaces and between the implant threads, promoting new bone formation [9]. The stresses created by implant placement in a reduced-diameter implant bed are called force-fitting stresses; they increase the insertion torque and may lead to decreased BIC [10]. Regardless of the technique used for osteotomies preparation—ultrasonic devices or drills [11]—primary stability is greater with a tapered implant design compared to a cylindrical implant design [12].



Implant stability and BIC levels can be assessed by measuring the insertion torque and removal torque values. Undersized drilling combined with a rough implant design leads to higher insertion and removal torque values [5,6,13]. The cervical area of the implant greatly affects implant stability. During loading, the cervical area transmits stresses towards the crestal compact bone [14]. The highest stresses are centered in the area closest to the implant surface. In implants with a larger diameter, the stresses are better distributed [15].



Various designs of the cervical aspect of the implant have been proposed to minimize marginal bone loss (MBL). These designs include both smooth and rough cervical collars as well as microthreads [16]. Microthreads are small, shallow threads that are added to the implant’s cervical area to increase its surface area and minimize peri-implant bone loss [17].



The increased surface area, in turn, allows for an improved distribution of tension and increased implant stability. In previous research, microthreaded implants have been demonstrated to lead to an increase in BIC values and a decrease in the extent of bone loss [18]. In addition, cervical microthreads absorb vertical forces and transform them into compression forces while decreasing the magnitude of shearing forces at the bone-implant interface [19].



The aim of this study was to compare the effects of an underdrilling implant placement protocol and those of the manufacturer’s recommended protocol on the insertion torque, implant surface temperature and topography of the cervical microthreads of implants.




2. Materials and Methods


One hundred implants with a 3.75 mm diameter and 10 mm length (MultiNeOTM, Alpha Bio-Tech, Petah-Tikvah, Israel) (Figure 1) were used in this study. The implant grade 5 titanium body with SLA coating is slightly tapered and has a straight coronal section. In the apical portion, the threads have a 35° attack angle, which varies along the implant thread slope. Two internal micro-threads inserted between the main threads and coronal micro- threads increase surface area. The coronal buttress shape threads mean to resists lateral stress after insertion. The main thread’s pitch and depth are 1.2 and 0.65 mm, respectively.



The implants were divided into four equally sized groups.



In group D3.65, the implants were placed according to the manufacturer’s instructions, with a final drill diameter of 3.65 mm. The implants in groups D3.2, D2.8 were placed in accordance with an underdrilling protocol with final drill diameters of 3.2 and 2.8 mm, respectively (Table 1).



In group C, the control group, brand new implants were used for surface topography analysis only.



All implants, except for those in the control group, were placed in osteotomies prepared in artificial bone (Uni-Cortical, Bone-Sim Laboratories, Cassopolis, MI, USA) with the following characteristics:



Disk diameter: 58 mm



Disk thickness: 20 mm (Figure 2)



Cortical layer: thickness—2 mm, density—597–1137 HU, Young’s modulus—1500 MPa



Trabecular layer: thickness—18 mm, density—550–750 HU, Young’s modulus—850 MPa porosity—39% (Figure 3)



The osteotomies were prepared with a depth of 10 mm and a distance of 5 mm from one another and from the disk margins using stainless steel straight drills (Alpha Bio-Tech, Petah-Tikvah, Israel) at 1000 rpm. The drills were replaced with new ones after 10 preparations.



The implants were placed at room temperature (24 °C) at a constant placement speed of 30 RPM, and an axial torsion load cell and torque meter (Model 1516, Interface, Scottsdale, AR, USA) were used for constant monitoring of the insertion torque. The implant surface temperature was measured with a thermal camera (Optris PI 160, Optris, Berlin, Germany), which monitored a 5 × 5 mm area that included the implant bed orifice in which the implant was placed (Figure 4). The temperature amplitude (Temp-Amp) for every study group was calculated by subtracting the room temperature from the measured implant surface temperature.



Implant surface analysis was performed by a 3D measurement system (Nanofocus µsurf explorer, NanoFocus AG, Germany) with a 160S lens (0.9/X100) and processed with appropriate software (μsoft analysis standard, NanoFocusAG, Germany). The lateral resolution was 0.16 × 0.16 μm, and the measurement distance was 1 mm. Standardized ISO parameters (ISO 25178-2) were measured using Mountains Map Premium software, version 7.3.7 (DigitalSurf). A total of 30 ISO roughness parameters were divided into 6 main groups, each representing distinctive characteristics of the surface texture: height, function (plane), space, hybrid characteristics, functional (volume), and feature. Sa was selected as a common parameter for surface roughness measurements (Sa expresses, as an absolute value, the difference in height of each point compared to the arithmetical mean of the surface).



Surface analysis of implants from study groups 1–3 was performed after the implants were removed from the artificial bone. The implants from the control group were scanned immediately after they were unpacked.



Statistical Analysis


Between-group comparisons were performed with one-way ANOVA using statistical software (SPSS ver. 20.0). Statistical significance was defined by p < 0.05.





3. Results


The surface roughness analysis showed that the average surface roughness (Sa) in the control group was 2.24 ± 0.31 µm. The average Sa of the implants from the D2.8 osteotomy group was significantly lower, at 1.25 ± 0.35 µm (Table 2 and Figure 5 and Figure 6).



Similarly, the implants inserted in undersized osteotomies had significantly higher insertion torque and surface temperature values. The D2.8 group had the highest temperature and insertion torque values (44.82 ± 14.34 °C, 243.26 ± 36.77 Ncm), while the D3.65 group had the lowest values (25.7 ± 2.55 °C, 60.54 ± 12.59 Ncm) (p < 0.0001) (Figure 7 and Table 2). Among all the groups, the D2.8 group had the highest Temp-Amp value (20.83 ± 2.87 °C). Moreover, Temp-Amp in the D3.2 group (10.97 ± 1.48 °C) was significantly higher than that in the D3.65 group (Figure 8).




4. Discussion


This study examined the effects of inserting implants in vitro at high torques into undersized osteotomies on the cervical surface roughness and the implant surface temperature change during this process. It was demonstrated that the surface roughness values were significantly lower in the group of implants inserted in the smallest diameter preparation (2.8 mm) than in the other groups. The measured insertion torque values of this group were the highest. The high insertion torque associated with the implant placed in under-sized preparation stems in vivo from bone compression, which, in turn, leads to a higher friction coefficient between the bone walls and the implant [20]. Our findings on the changes in implant surface roughness following high-torque insertion are supported by those reported by Streckbein et al. [21], who observed smoothing of the surface in the region of the thread crests of the implants inserted at high torques. The flattening of the surface roughness might result clinically in a lower success rate. It has been reported that rough surfaced implants have significantly higher success rates compared to implants with more smooth surfaces [22]. Moreover, a finite element study reported that a coarse microthread profile is more favorable than a fine profile, since it reduces shear stress in the surrounding bone [23].



The high pressure associated with the high insertion torque can also affect crestal bone remodeling in the cervical area [24,25]. Aldahlawi reported significantly higher bone loss in implants placed with insertion torques higher than 55 Ncm than in implants placed with torques lower than 55 Ncm [24]. Additionally, Khayat et al. [25] reported that implants placed with insertion torques of 70.8–176 Ncm demonstrated greater bone loss than did implants placed with lower torques. A positive correlation was reported between bone density and insertion torque. Type 4 bone showed lowest insertion torque values, whereas type 1 bone showed the highest values. The peak insertion torque of implants inserted according to the manufacturer’s instruction in D1 bone reached 150 Ncm [26]. In the present study, the torque values observed in all study groups were higher than 55 Ncm. This result may be explained by a greater rigidity due to the elastic modulus of the synthetic bone being higher than that of natural bone [27]. Most likely, the rigidity of the synthetic bone contributed to the high insertion torque measured in the D3.65 group, even though the implants were inserted in sites prepared according to the manufacturer’s instructions.



Finally, the high friction associated with the insertion of implants at high torques results in excessive heat generation, which may lead to thermal injury. It has been reported that thermal injury occurs in osteoblast cell cultures that have been exposed to heat shock at 42 °C [28]. Heat-induced necrosis of the cortical bone of a rabbit occurs after 1 min of exposure to a temperature higher than 47 °C, demonstrating that damage can occur due to high insertion torques [29].



Since the average body temperature is 37 °C, 10 and 20 °C increases in temperature during the insertion of the implants in groups D3.2 and D2.8, respectively, exceed this threshold and may lead to bone necrosis [30]. Similar results were reported by Stocchero et al. [31], who demonstrated that implant insertion in undersized preparations leads to an increase in insertion torque concomitant with an increase in the surface temperature, which might surpass the threshold level above which bone necrosis occurs.



The main limitations of the current study are that nonvital synthetic bone with greater rigidity than that of vital bone was used, a single surface coating on the implants was used and the insertion of implants without a cooling solution. Additional studies with different implant coatings and roughnesses and vital bone models with the use of cooling irrigation should be conducted to confirm the findings reported above.




5. Conclusions


Within the limitations of the current study, we can conclude that the high levels of friction and resistance during implant placement in an undersized preparation increase the insertion torque, increase the implant surface temperature and flatten the implant surface roughness.



In a clinical setting, implant insertion at high torques can modify the implant surface topography and may lead to overheating of the surrounding bone and failed osseointegration. To avoid these detrimental effects, implants should be placed at the lowest torque values that ensure proper primary stability.
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Figure 1. Illustration of MultiNeOTM implant. 
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Figure 2. A photograph of the artificial bone. 
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Figure 3. -Ray density measurement of the artificial bone expressed in Hounsfield units (HU). 
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Figure 4. Testing measurement system. 
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Figure 5. A topographic map of a 160 × 160 µm area at the highest point of the first cervical microthread that was obtained using Nanofocus µsurf explorer after photostimulation. The implant topography is presented on a unique color spectrum representing the range of surface height. (a) control group implant; (b) D3.65 group implant; (c) D3.2 group implant; (d) D2.8 group implant. The scan was performed with a 160 s lens using ×100 magnification. 
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Figure 6. Surface roughness (Sa) values measured in the different study groups. The results are represented as averages and standard errors. * denotes p < 0.001. 
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Figure 7. Insertion torque values in Ncm measured in the different study groups and expressed as averages and standard errors. * denotes p < 0.001. 






Figure 7. Insertion torque values in Ncm measured in the different study groups and expressed as averages and standard errors. * denotes p < 0.001.



[image: Applsci 10 05231 g007]







[image: Applsci 10 05231 g008 550] 





Figure 8. Implant surface temperature amplitude (Temp-Amp) for the different study groups. The amplitude was calculated by subtracting the room temperature from the measured implant surface temperature. The values are represented as averages and standard errors. * denotes p < 0.001. 
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Table 1. Implant bed preparation protocols for the study groups. The values represent the drill diameters (in mm).
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	Drill 1 Pilot
	Drill 2
	Drill 3
	Drill 4
	Drill 5





	D3.65
	2 mm
	2.5 mm
	2.8 mm
	3.2 mm
	3.65 mm final



	D3.2
	2 mm
	2.5 mm
	2.8 mm
	3.2 mm final
	



	D2.8
	2 mm
	2.5 mm
	2.8 mm final
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Table 2. Average roughness, insertion torque and implant surface temperature values for the different implant groups. The values presented are averages and standard errors for each group of implants placed in implant beds of various diameters.
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	D2.80
	D3.20
	D3.65
	CONTROL





	Surface roughness (Sa)
	1.25 ± 0.07 µm
	1.90 ± 0.13 µm
	2.08 ± 0.16 µm
	2.24 ± 0.06 µm



	Insertion torque
	243.26 ± 7.36 Ncm
	158.40 ± 3.17 Ncm
	60.54 ± 2.25 Ncm
	



	Temperature
	44.82 ± 2.87 °C
	34.97 ± 1.48 °C
	25.70 ± 0.51 °C
	











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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