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Evaluation of the effect of under drilling on implants coronal micro-threads -An in-vitro study



The effect of implants insertion following under-drilling protocol on the coronal surface roughness of micro-thread shaped implants. An in-vitro study



[bookmark: _Hlk39487354]Introduction
Primary stability of the implant is one of the crucial factors for achieving osseointegration. Bone density, implant placement technique and implant geometry are additional important factors affecting primary stability. (1)
Planning the implant topography addresses its macro-structure and micro-structure. The macro-structure defines the number and shape of implant threads, while the micro-structure includes the implant surface morphology, the surface material, surface roughness characteristics and the type of coating. 
The macro-structure of the implant is very important in achieving primary stability and bone-implant contact (BIC). (2)
The purpose of the 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. (2)
The implant structure largely affects its stability. The thread pitch, a geometric characteristic defined as the distance measured along the implant’s long axis between the centers of two adjacent threads, greatly affects the primary stability of the implant and its biomechanical resilience. (3)
Research shows that implants with a smaller pitch are characterized by an increased surface area, as well as increased BIC along the implant and the threads, and an improved force distribution capability. (4)
Implant thread shape is a key factor affecting the distribution of various forces to the bone. A V-shaped thread mostly produces shearing forces, while a square-shaped thread produces compression forces. (5) Research has shown that compression forces have a positive effect on the bone, increasing bone density and strength, while shearing and tensile forces negatively affect the bone tissue.
Implant bed preparation greatly affects primary stability and implant placement success. (6,7) An undersized-drilling protocol – a technique in which the implant is placed in an implant bed with a narrower diameter than the implant itself – enables one to increase the primary stability and achieve higher BIC values, especially in low-density bone. (8,9) The above is enabled due to small fragments of bone used as an autograft, by being placed in the intertrabecular spaces and between the implant threads and promoting new bone formation. (5) The stresses created by implant placement in a reduced-diameter implant bed are called force-fitting stresses, leading to increased torque insertion. (10)
Implant stability and BIC levels can be assessed by measuring insertion torque and removal torque values. These values increase when implant stability is high. Research has shown that undersized drilling combined with rough implant surface results in higher values of insertion and removal torque. (6,7,11)
The cervical area of the implant greatly affects implant stability. Due to its proximity to the oral cavity, significant stresses are exerted on this area. Topographic changes of the implant cervical area are important in minimizing marginal bone loss (MBL). During loading, the cervical area transmits stresses towards the crestal compact bone. 
The biggest stresses are centered in the area closer to the implant surface. In implants with a larger diameter, the stresses are better distributed over a smaller area. (13) Nowadays, implants with both smooth and rough cervical areas may be found. (14) Micro-threads are small threads added to the implant’s cervical area, aimed at increasing its surface area and minimizing peri-implant bone loss. (15)
A decrease in thread pitch enables an increase in the number of threads over a similar cervical length, thereby increasing the surface area. The increase in surface area, in turn, allows for an improved distribution of tension and increased implant stability. Previous research has shown that micro-threaded implants demonstrated an increase in BIC values and decrease in the extent of bone loss. (16) Cervical micro-threads absorb vertical forces and transform them into compression forces, while decreasing the amount of shearing forces in the bone-implant interface. (17)
Purpose of the Study
This study aims to assess the effect of an under-drilling implant placement protocol on the insertion torque, implant surface temperature and the topography of cervical micro-threads during implant placements in different diameters of implant beds, in comparison with implant placement according to the manufacturer’s instructions. 
Study Hypothesis
Our hypothesis states that no difference will be demonstrated in the cervical area of a micro-threaded implant when placed using the under-drilling method in comparison with placement according to the manufacturer’s instructions. In addition, our hypothesis states that there will be no difference between the study groups in temperature and torque values. 


Materials and Methods
100 implants with a 3.75mm diameter and 10mm length (NeOTM, Alpha Bio-Tech, Petah-Tikvah, Israel) (Fig. 2) were divided into four equally sized groups. 
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Figure 2 – NeO Implant

· Group D3.65 – the implants in this group were placed according to the manufacturer’s instructions, with a final drill diameter of 3.65mm. (Table 1)
· Group D3.2 – implant placement according to the under-drilling protocol, with a final drill diameter of 3.2mm.
· Group D2.8 – implant placement according to the under-drilling protocol, with a final drill diameter of 2.8mm. 
· Group C – Control – new out-of-the-box implants, which were only used for surface topography analysis. 
All the implants aside from the control group were placed in implant beds prepared in artificial bone (Uni-Cortical, Bone-Sim Laboratories, Cassopolis, MI, USA) with the following characteristics:
· Disk diameter: 58mm 
· Disk thickness: 20mm (Fig. 3)
· Cortical layer: thickness – 2mm, density – 597-1137 HU
· [image: BONESIM]Trabecular layer: thickness – 18mm, density – 550-750 HU (Fig. 4) 





Figure 4
Figure 3



The implant beds were prepared with a depth of 11.5mm, distanced 5mm 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.

Table 1: Implant bed preparation protocol in every study group. The values represent drill diameters (in mm).

Drill 1
Pilot (mm)
Drill 2
(mm)
Drill 3
(mm)
Drill 4
(mm)
Drill 5
(mm)
D3.65
2 mm
2.5 mm
2.8 mm
3.2 mm
3.65 mm
D3.2
2 mm
2.5 mm
2.8 mm
3.2 mm

D2.8
2 mm
2.5 mm
2.8 mm









The implants were placed under room temperature (24°C) conditions, at a constant placement speed of 30 RPM, using an Axial Torsion Load Cell & Torque Meter (Model 1516, Interface, Scottsdale, AR, USA) 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 5X5mm area that included the implant bed orifice in which the implant was placed (Fig. 5). The temperature amplitude (Temp-Amp) for every study group was calculated by decreasing the measured implant surface temperature by the room temperature.
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Figure 5: Testing measurement system









Implant surface analysis was performed using a 3D measurement system (Nanofocus µsurf explorer, Nanofocus, Germany). The implant surface was scanned with a confocal microscope, using a 160s lens. Average roughness values per surface area (µm) were measured in an area unit sized 300*300µm, located in the most apical thread of the implant’s cervical area. Surface analysis of implants from study groups 1-3 was performed after extraction of the implants, which were placed in bone as described above, and after cleanup with air pressure. Implants from the control group, which were not placed in bone, were scanned immediately after unpacking. 
Statistical Analysis
The comparison between the three study groups was performed with a One-way ANOVA, using a statistical software (SPSS ver. 20.0). Statistical significance was set at p < 0.05. 


Results
In scans obtained using a confocal microscope, it is evident that the surfaces of control group implants show higher roughness values than implants from the D2.8 group, presenting with a smoother, flatter surfaces. 
Figure 6: A topographic map of a 160X160µm area in the highest point of the first cervical micro-thread, as obtained using the Nanofocus µsurf explorer after photo-stimulation. The implant topography is presented in a unique color scale representing the 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 160s lens, using X100 magnification.
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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 in every implant group placed in implant beds of various diameters.
	
	D2.80
(mm)
	D3.20
(mm)
	D3.65
(mm)
	CONTROL

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

	Insertion torque (N/cm)
	243.26±7.36

	158.40±3.17

	60.54±2.52

	

	Temperature
(℃)
	44.82±2.87

	34.97±1.48

	25.70±0.51

	



A comparison of the average surface roughness was performed between the study groups.
Table 2 shows the comparison between the surface roughness values (Sa) in the different study groups. 
A surface roughness analysis showed that the average surface roughness (Sa) in the control group was 2.24±0.31µm. The Sa value decreased in implants placed in implant beds of smaller diameters. The average Sa of an implant from the D2.8 group was 1.25±0.35µm (Table 2 and Fig. 7).
Similarly, in smaller implant bed diameters, significantly higher insertion torque and surface temperature values were measured. The highest temperature and insertion torque values were measured in the D2.8 group (44.82±14.34°C, 243.26±36.77 N/cm), while the lowest values were measured in the D3.65 group (25.7±2.55°C, 60.54±12.59 N/cm) (p < 0.0001) (Fig. 8 and Table 2). The widest temperature amplitude was measured in the D2.8 group (20.83±2.87°C) compared to the other groups. Similarly, the temperature amplitude in the D3.2 group (10.97±1.48°C) was significantly higher than in the D3.65 group (Fig. 9). 

Figure 7: Surface roughness (Sa) values measured in the different study groups. The results are represented as averages and standard errors. * signifies p-value < 0.001.











Figure 8: Insertion torque values measured in the different study groups, represented in N/cm as averages and standard errors. * signifies p-value < 0.001.











Figure 9: Implant surface temperature amplitude (Temp-Amp) in the different study groups. The amplitude was calculated by decreasing the measured implant surface temperature by the room temperature. The values are represented as averages and standard errors. * signifies p-value < 0.001.


 







Discussion
This study examined the effect of high insertion torque, obtained by placing implants in undersized-diameter implant beds prepared according to an under-drilling protocol, on cervical surface roughness. Among other things, we have assessed the influence of the drilling protocol on implant surface temperature during placement and implant surface roughness. It was demonstrated that surface roughness values were significantly lower in the group placed in implant beds of the smallest diameter (2.8mm) than in the other group. The same group also demonstrated the highest torque values. This can be explained by the use of an undersized-drilling technique, resulting in bone compression, which, in turn, leads to a higher friction coefficient between the bone walls and the implant, thus increasing the implant insertion torque. (18) Implant surface changes following high-torque insertion were also demonstrated by Streckbein et al., reporting that a high insertion torque increases implant surface tension and leads to surface changes. (19) The above may serve as a possible explanation for the difference in Sa values presented by the different groups. Increased pressure, also associated with high insertion torque, can also affect crestal bone remodeling in the cervical area. (20,21)
Aldahlawi reported on significantly higher bone loss in implants placed with an insertion torque higher than 55 N/cm than in implants placed with torques lower than 55N/cm. (20) Additionally, Khayat et al. reported that implants placed with insertion torques of 70.8-176N/cm demonstrated higher bone loss than implants placed with lower torques. (21) In the current research, the torque values obtained in all study groups were higher than 55N/cm. This may be explained by a much greater increase in the elastic modulus of the synthetic bone compared to natural bone. (22)
It is well known that the temperature during implant placement greatly affects the bone, and higher temperature increases the risk of bone necrosis. (23)
Stocchero et al. found that there is a direct relationship between smaller implant bed diameter and temperature increase during implant placement. It was demonstrated that when the implant bed diameter is smaller than the implant diameter, the friction resistance leads to an increase of the insertion torque together with an increase of the surface temperature, which might surpass the threshold level above which bone necrosis is caused. (24) In the current research, a significant increase of the temperature was demonstrated in the D2.8 and D3.2 groups, resulting in a temperature amplitude that would have certainly exceeded the bone necrosis threshold. 
Conclusions
Within the limitations of the current study, we can conclude that the friction resistance during implant placement in a smaller-diameter implant bed causes an increase in insertion torque values, leading to increase in implant surface temperature and decrease in implant surface roughness.
In a clinical setting, implant placement with high insertion torques can damage the implant surface, cause bone heating and loss of osseointegration. Therefore, implants should be placed with the lowest torque values that can provide good primary stability while preserving implant surface roughness. 
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