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Abstract 

The increasing prevalence of peri-implantitis has led to a growing clinical use of implantoplasty, a 
procedure involving intraoral machining of the dental implant surface to remove biofilm. The 
absence of standardized clinical protocols may contribute to premature fatigue failure of dental 
implants. The present study aimed to determine the influence of machining depth on the cyclic 
mechanical behavior of dental implants. A total of 250 commercially pure Grade 3 titanium dental 
implants were distributed into four groups according to machining depth: untreated (original), 0.2 
mm, 0.4 mm, and 0.6 mm wall reduction. The implant system featured an internal connection with a 
thread height of 0.4 mm. Finite element analysis was performed for each machining depth to evaluate 
Von Mises stress distribution and to simulate fatigue behavior. The numerical models were validated 
through experimental fatigue testing using a servohydraulic MTS Bionix testing machine under ISO 
14801:2016 standard conditions. Fractographic analysis was conducted by scanning electron 
microscopy. The results revealed that maximum Von Mises stresses were concentrated at the junction 
between the implant thread and the implant body. The fatigue limit of the untreated implants was 
approximately 400 N. Implants subjected to 0.4 mm machining exhibited a fatigue limit of 350 N, 
whereas lower fatigue limits were observed for 0.2 mm (290 N) and 0.6 mm (180 N) reductions. These 
findings demonstrate the significant mechanical effect of thread removal. At higher applied loads, 
fracture occurred in the coronal region of the implant, whereas at lower loads failure shifted to the 
implant–abutment connection. Finite element predictions showed high agreement with experimental 
results. The findings highlight a clinically relevant criterion: implantoplasty depth should not exceed 
the original thread height, as excessive wall reduction markedly compromises fatigue resistance and 
long-term mechanical reliability. 

Keywords: implantoplasty; dental implants; peri-implantitis; fatigue; fracture; finite element 
simulation 
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1. Introduction 

Peri-implantitis is caused by an inflammatory process triggered by bacterial colonization around 
the dental implant with the formation of biofilms [1-2]. The consequent presistant inflammation 
results in bone loss, which ultimately causes the loss of both mechanical and biological fixation of the 
dental implant [3-5]. Several scientific dental societies have reported that approximately 24% of 
dental implants develop peri-implantitis within the first 10 years of function [6-7]. In order to reduce 
these high prevalence rates, preventive strategies have been emphasized, particularly oral hygiene 
measures and recommendations to avoid smoking and alcohol consumption [8-9]. However, 
periimplant diseases are also influenced by the patient’s genetic susceptibility [10]. 

The main problem associated with peri-implantitis is bone loss and the difficulty of eliminating 
biofilms adhering to the implant surface. In principle, the standard approach when removal of the 
infected dental implant is necessary, would involve disinfection of the surrounding tissues, 
placement of a calcium phosphate-based biomaterial to induce bone regeneration, and subsequent 
placement of a new dental implant once regeneration has occurred [11-12]. In many cases, surgery 
becomes more complex, as placement of a new implant may require extraction of adjacent teeth due 
to anatomical limitations [13]. This surgical complexity has led to the development of an alternative 
surgical approach that proposes an aggressive mechanical biofilm removal technique known as 
implantoplasty. This technique involves mechanical modification of the implant surface intraorally 
using clinical rotary instruments, particularly highly abrasive burs such as diamond or tungsten 
carbide burs [14-16]. Subsequently, the machined surface is thoroughly cleaned using disinfecting 
agents such as hydrogen peroxide, sodium hypochlorite, among others [17]. (Figure 1) 

 

Figure 1. A. Dental implant presenting inflammation in the soft tissues due to peri-implantitis. B. Bone loss 
caused by the presence of biofilms. C. Dental implant that has undergone mechanization for the removal of 
biofilms. The loss of roughness and fillets of the dental implant can be seen. The presence of titanium particle 
debris resulting from mechanization can also be observed. 

Implantoplasty is associated with several adverse effects, including loss of surface roughness 
that promotes osseointegration, reduced corrosion resistance, deterioration of static and cyclic 
mechanical properties, and the release of particles ranging from nanometric to millimetric sizes. 
These particles have been shown to exert in vitro cytotoxic effects, particularly by particles from 
dental implants manufactured with the Ti6Al4V alloy [18]. Particle size is a critical factor, as 
nanoparticles are not recognized by the immune system and their effects on the human body remain 
unknown [19]. Larger particles, however, may be phagocytosed by macrophages or encapsulated by 
soft tissue [20]. Kotsakis et al. [21] simulated anaerobic inflammatory conditions in the oral cavity 
and observed oxygen depletion in the environment, leading to the death of aerobic cells, but not 
anaerobic cells, which are the most pathogenic. Oxygen depletion causes reduction of the titanium 
oxide layer of the implant to pure titanium, thereby the passive layer that protects the implant surface 
might be compromised. When inflammation subsides, oxygen levels in the area recover, reinducing 
oxidation of pure titanium; however, this oxidation does not result in stoichiometric titanium dioxide 
but rather in non-stoichiometric mixed oxides that are not cytocompatible. Another major concern is 
the loss of mechanical properties of dental implants due to machining, as a significant reduction in 
implant cross-section occurs [22]. This aspect has been poorly studied, particularly with regard to 
mechanical behavior under cyclic loading. 

As described above, implantoplasty is a procedure associated with numerous drawbacks; 
however, it is currently widely used due to its effectiveness in infection control and its ability to avoid 
lengthy procedures for the patient, as well as the high cost associated with implant removal, tissue 
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disinfection, regeneration, and placement of a new dental implant. Various methods have been 
proposed to avoid titanium machining during implantoplasty, such as electrolysis using the dental 
implant itself as an electrode, generating hydrogen gas bubbles that remove the biofilm [23]. Fonseca 
et al. [24] demonstrated the effectiveness of this approach in biofilm removal without altering the 
titanium properties of the dental implant. Other methods, still under experimental development, 
include pressurized water jet treatments [25]. Antibiotic therapies and aggressive chemical agents 
have been discarded, as pharmaceuticals are ineffective in eliminating biofilms and promote 
antibiotic resistance, while aggressive chemical agents may induce tissue necrosis and acid attack on 
titanium, increasing surface roughness and thereby favoring subsequent bacterial recolonization of 
the implantoplasty-treated surface or limiting re-osseointegration of the affected implant [25]. 
Similarly, ozone treatments do not eliminate biofilms and may cause necrosis of oral soft tissues when 
applied for prolonged periods [26-27]. 

The objective of this study is to investigate the influence of implant cross-section reduction due 
to machining on cyclic mechanical behavior through finite element simulation and validation by 
mechanical fatigue testing. These results may assist clinicians in determining a safe level of cross-
section reduction that prevents fatigue fracture of dental implants in service. The null hypothesis is 
that cross-section reduction has no influence on fatigue behavior. 

2. Materials and Methods 

A total of 250 dental implants of 4 mm in diameter (Vega, Klockner, Escaldes Engordany, 
Andorra), were studied. The dental implants were manufactured with commercially pure grade 3. 
The roughness (Sa) of the surface was 0.9 ± 0.2 m. The height of the thread was 0.4mm. In Figure 2 
can be observed the dental implants studied and the scheme of the thread. 

 

 

Figure 2. Dental implants studied and scheme of the design of the thread in mm. 

Control samples in the as-received condition were characterized, along with four additional 
sample sets corresponding to distinct implantoplasty procedures. The implantoplasty procedure was 
carried out by a single dental clinician (E.P.G) to ensure consistency in the treatment protocol and to 
reduce variability in both surface finish and experimental outcomes. The procedure was carried out 
using a force-controlled dynamometer to apply consistent pressure between the drill and the titanium 
surface. The applied force was maintained at a constant load of 10 N using an automatic 
dynamometric control system, corresponding to the mean force measured by 59 clinicians at the 
Universitat Internacional de Catalunya’s University Dental Clinic. The application of the load lasted 
60 s for each disk. The surface of the samples was sequentially modified using a GENTLEsilence LUX 
8000B turbine (KaVo Dental GmbH, Biberak, Germany) with continuous irrigation, the surface was 
sequentially modified with a fine-grained tungsten carbide bur (reference H481. 312.014 KOMET; 
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GmbH & Co. KG, Lemgo, Germany), and a fine-grained rubber polisher (order no. 9618.314.030 
KOMET; GmbH & Co. KG, Lemgo, Germany). (Figure 3) 

Implantoplasty was performed at three depths: 0.2, 0.4 (height of the thread) and 0.60 mm. To 
ensure the thicknesses, all implantoplasties performed were examined under a stereoscopic 
magnifying glass (Zeiss 400Sb-V. Berlin, Germany) with a resolution of 0.01 mm. Implantoplasties 
were performed on 200 dental implants, and were selected for each section reduction to ensure the 
section. The section was measured by stereoscopic magnifier (Olympus, T2400) in all the surfaces and 
were tested when the differences of the section were ±0.01 mm.  

 

Figure 3. a. Original dental implant. b. Drill of tungsten carbide. c. Implant machined by the drill of WC. d. Drill 
of particles of rubber to polish the surface. e. Dental implant machined after the implantoplasty. 

Finite Element Analysis 

A three-dimensional model of the 4 mm Klockner Vega implant was provided by the 
manufacturer. Modifications were implemented on the model utilizing Altair Inspire 2024 software 
to accurately simulate the abutment employed in in vitro assays and the implantoplasty procedures. 

Model meshing and subsequent static analyses were conducted using HyperMesh software, 
employing Altair's Optistruct solver. Fatigue analyses were performed utilizing Hyperlife software, 
also developed by Altair. 

The static simulation analysis was performed following the conditions stipulated by the UNE 
EN-ISO 14801 standard [28]. This standard specifies the application of an external load at a 30∘ angle, 
8mm from the nominal bone level, with the implant embedding plane situated 3mm below this 
reference level. Figure 4 illustrates the shape of the different implants and the geometric configuration 
applied during the static analysis. 

 

Figure 4. Modelization of the dental implants with different depth of machining. A: Original implant, B: 0.2 mm, 
C: 0.4 mm, D. 0.6 mm. 
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The applied load in the static analysis was set to 550 N, corresponding to the maximum load 
held by the implants during in vitro testing. The implant material was modelled as isotropic bilinear-
elastoplastic material, characterized by Young’s modulus of 106 GPa, a Poisson’s ratio of 0.37, and a 
yield strength of 550 MPa, based on the manufacturer’s specifications. Post-yield behaviour in the 
plastic region was modelled linearly, with the slope defined by the tangent modulus [29]. The tangent 
modulus to simulate hardening after the yield point yielding was determined using the Ramberg-
Osgood equation [30], by employing a strain hardening exponent of 0.1 and a strength coefficient of 
1,000 MPa [31]. This provides yielded a tangent modulus of 2,765 MPa, which was subsequently 
utilized in the Finite Element Analysis (FEA). 

To evaluate the high-cycle fatigue (HCF) behaviour, the material’s S-N curve was constructed 
using relevant material properties and assuming an ultimate tensile strength (UTS) of 680 MPa. An 
S-N (Stress vs. Number of cycles) analysis was performed based on the von Mises stress results 
obtained from the static analysis, incorporating the Goodman mean stress correction [32]. The 
Goodman’s criterion was adopted herein as it provides a reliable and conservative estimation for 
ductile materials, such as the titanium Grade 4 used in this simulation. Unlike the Gerber criterion 
[32], which may underestimate the effect of mean tensile stresses, or the Soderberg approach [35], 
which is often excessively restrictive by relying on the yield strength, the Goodman relation 
effectively balances clinical safety with mechanical reality. This is particularly relevant in dental 
implantology, where implants are subjected to complex cyclic loading under pre-tension due to screw 
tightening. By incorporating the Ramberg-Osgood parameters [30] into the plastic behaviour model, 
the FEA results account for the strain-hardening effects that occur after the yield point, ensuring that 
the stress distribution used for the S-N analysis reflects the true structural response of the material 
under maximum functional loads. 

Fatigue testing 

We carried out fatigue testing in room air and at room temperature using a servo-hydraulic 
mechanical testing machine (MTS Bionix 370, MTS®, Eden Prairie, USA) equipped with a 15 kN load 
cell (MTS Load Cell 661.19H-03, MTS®, Eden Prairie, USA). We screwed identical hemispherical 
abutments to each implant with the torque recommended by the manufacturer (35N·cm). The loading 
center was located 13 mm above the resin (nominal bone level). According to ISO 14801:2016 [28], we 
placed the samples in a stainless-steel clamping jaw so that loading had an angle of 30° to the 
longitudinal axis of the implant (Figure 5). 

According to European Standard [28], the general principles for fatigue testing state that “at least 
two, and preferably three, specimens shall be tested at each of at least four loads. Moreover, “at least 
three specimens shall be tested, and every specimen shall reach the specified number of cycles with 
no failures” in order to reach the infinite life range. For all these reasons, a minimum of 9 specimens 
are necessary (in our study there were 10 samples in the experimental group and 9 in the control 
group) to meet the requirements of the International Standard. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 March 2026 doi:10.20944/preprints202603.0553.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0553.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 15 

 

 

Figure 5. Schematic representation of the test setup according to ISO 14801:2016, except for bone nominal level. 

To conclude, it should be noted that while this International Standard simulates de functional 
loading of an endosseous dental implant under “worst case” conditions, it is not applicable for 
predicting the in vivo performance of an endosseous dental implant or dental prosthesis, particularly 
if multiple endosseous dental implants are used for a dental prosthesis. 

Each specimen received a maximum of 5,000,000 cycles of a uniaxial load, perpendicular to the 
tangent of the dome of the hemispherical abutment. Loading range was between a maximal nominal 
value and 10% of this value (R = 0.1). To minimize the vibrations of the testing machine, sinusoidal 
load frequency was kept at 15 Hz. We used TestStar II® software (MTS®, Eden Prairie, USA) to record 
data in real time. 

In accordance with ISO 14801:2016 [28], tests were carried out applying a minimum of four series 
of loads, the first of which was equivalent to 80% of the maximum compression force (FmaxC and 
FmaxIP), which was determined in a previous study to be 735 N and 529 N for the control and IP 
samples, respectively 21. At each load level, two samples were evaluated, considering 5×106 cycles as 
an infinite life criterion. If any of the samples collapsed before reaching the specified number of 
cycles, the procedure was started again with two new implants and under a lesser load (20% if ≥ 60% 
Fmax and 10% if < 60% Fmax). When two consecutive samples reached 5×106 cycles without failure, 
an additional test was performed with a third sample. If the latter did not fail (i.e., 3 consecutive 
samples without apparent failure), this point was considered to be the fatigue limit beyond which 
the implant could withstand an infinite number of loading cycles. In case the fatigue limit was 
reached in less than four load series, additional levels (1, 2 or 3) were established by applying a load 
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5% higher than the previous one. The number of cycles and the state (i.e., intact or failed) of each 
tested specimen were recorded. Failure was defined as the elastic limit of the material, permanent 
deformation, loosening of the implant assembly, or fracture of any component. The results of the 
fatigue tests were displayed in a load versus number of cycles plot (i.e., S-N curve or Wöhler’s curve), 
which represents the number of load cycles of each sample (logarithmic scale) and the corresponding 
maximal load (linear scale). 

Fractography was studied by means of Scanning Electron Microscopy (JEOL 6400) with X-ray 
microanalysis (Oxford F300).  

The number of samples used was obtained by an experimental sample size method. Statistical 
analysis was performed using MiniTab 17 software (Minitab Inc.). Kruskal-Wallis and Mann Whitney 
U non-parametric tests were used to compare the different conditions to each other. Statistical 
differences were considered with p < 0.005. 

3. Results 

The table 1 shows the results of the elements analyzed in the simulation subjected to maximum 
stress and their corresponding deformation when force is applied under the conditions described in 
the methodology. 

Table 1. Flexural resistance and strain associated for the different models studied with the elements analyzed. 

 Elements analyzed Von Misses stress (MPa) Strain 
Original 518759 566,2 0,02395 

Implantoplasty 0,2 mm 444365 571,2 0,02999 
Implantoplasty 0,4 mm 373916 567,5 0,02555 
Implantoplasty 0.6 mm 353345 663,7 0,13990 

It can be observed that the implant experiencing the highest stress is the one that has undergone 
a 0.4 mm implantoplasty, while the implant with the lowest stress is the one that has undergone a 0.2 
mm implantoplasty. On the one hand, the intact implant has intermediate stress because, when 
performing the implantoplasty, the thread in the upper part of the implant is removed, along with 
the geometry that induces an intensification of stresses in the area subjected to greater flexion. On the 
other hand, the implant with 0.6 mm has an excessive reduction in cross-section, which causes a 
significant weakening of the implant. In Figure 6 it can be observed the Von Misses stresses 
distribution for the different dental implants subjected to stress. The maximum stress is located in the 
thread-body of the implant.  
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Figure 6. Distribution of Von Mises stress of the four implants subjected to static loading. A. Original implant, 
B. 0.2 mm implantoplasty, C. 0.4 mm implantoplasty. D. 0.6 mm implantoplasty. 

The stress-intensifying effect of the implant thread in the area of maximum stress, located 
between the flank and the bottom of the thread, can be observed. The maximum stress is distributed 
over a larger surface area in the treated implants, since the thread has been removed in that area. 

The fatigue results can be seen in Figure 7, which shows the S-N curve for the original dental 
implant, with implantoplasty reduction of 0.2, 0.4, and 0.6 mm of the section. Two clearly 
differentiated behaviors can be observed: those with low fatigue cycles up to 10.000 cycles 
approximately and those with high fatigue cycles which were tested until 10.000.000 cycles. It can be 
seen that the original implants have the highest fatigue life curve, followed by the dental implants 
subjected to 0.4 mm implantoplasty (i.e., leaving the implant without coils), followed by the dental 
implants subjected to 0.2 mm implantoplasty. For dental implants with a 0.6 mm reduction, the 
maximum bending load decreases by almost half and the fatigue curve is much lower than the other 
three.  

Although the ISO standard [28] indicates that the fatigue limit is reached at 5 million cycles, in 
our case we have reached 10 million because a dental implant must be considered a device that must 
have mechanical reliability superior to the patient's expected lifespan.  

The results show a fatigue limit of approximately 400N for the original dental implant, which 
means that if the implant is subjected to lower mechanical loads, it will not fracture. For implants 
with 0.4 mm mechanization in their implantoplasty, this fatigue limit value is 350N; for implants with 
0.2 mm implantoplasty, it is 290N; and finally, 180N for implants with the deepest implantoplasty of 
0.6 mm. 
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Figure 7. Load-number of cycles to fracture for different dental implants studied. 

Fractography studies show that in the first stage of fatigue up to 10,000 cycles, the fracture, 
corresponding to the highest loads, occurs in the coronal part, as can be seen in Figure 8a, and for a 
greater number of load cycles, the fracture occurs at the connection between the dental implant and 
the abutment, as can be seen in Figure 8b. This mode of fracture is appropriate for fatigue behavior 
as indicated by the ISO standard [28]. The fracture surfaces of the implants subjected to fatigue can 
be seen in Figure 9. In 9a shows the crack initiation zone, which has a polished surface due to the 
friction between the fracture faces. The nucleation zones correspond to machining defects on the 
surface caused by the machining of the implantoplasty. Figure 9b corresponds to the crack 
propagation zone, where the crack propagation marks can be seen at higher magnifications. Figure 
9c corresponds to the final fracture of the implant, which occurred at the connection between the 
dental implant and the abutment via the Figure 9b corresponds to the crack propagation zone where 
the crack propagation marks can be seen at higher magnifications. Figure 9c corresponds to the final 
fracture of the implant, which, as can be seen, has ductile behavior.  
 

 

Figure 8. A. Fracture for low number of cycles. B. Fracture for high number of cycles. 
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Figure 9. A. Crack nucleation zone. B. Crack propagation. C. Ductile fracture. 

When performing the finite element simulation of fatigue behavior, straight lines with two 
different slopes are obtained for each of the implantoplasties performed. These correspond to low 
cycle fatigue up to approximately 10,000 cycles and another straight line with a lower slope above 
this cycle value. It can be seen that the modeling performed is validated by the fatigue tests carried 
out. This comparison can be observed in Figure 10. 

 

Figure 10. Load-Number of cycles to fracture. The lines are the modelization of the fatigue behavior and the 
points are the experimental values obtained. 

 4. Discussion 

Implantoplasty is an increasingly employed technique for the removal of biofilm, thereby 
aiming to halt the progression of bone loss associated with peri-implantitis. Previous studies have 
demonstrated that this procedure affects the corrosion resistance of the implant surface, as the 
coexistence of machined and non-machined areas may generate a galvanic couple that promotes 
corrosion when exposed to the physiological environment [34-35]. Furthermore, implantoplasty 
produces a smooth surface that is less favorable for fibroblast adhesion, and therefore may hinder the 
formation of soft tissue capable of contributing to the biological sealing of the implant. Similarly, 
osteoblast adhesion is not promoted, as it is well established that Sa roughness values between 0.9 
and 1.6 µm are optimal for osteoblastic colonization [36]. Consequently, surfaces machined by 
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implantoplasty present significant limitations for both soft and hard tissue regeneration [36-37]. 
However, roughness values below 0.088 µm disfavor bacterial colonization of titanium surfaces. [38]. 
In addition, the release of titanium particles into the surrounding medium may trigger new 
inflammatory processes and immune responses. The cytotoxicity of titanium particles largely 
depends on their size and morphology, without considering the still poorly understood biological 
response to nanoparticles released into the patient’s oral cavity [18-19]. 

The present study aimed to evaluate the effect of controlled implant wall reduction, simulating 
implantoplasty, on the mechanical properties and in-service cyclic behavior of dental implants. The 
30° bending tests revealed a reduction in fracture strength, with a marked decrease when wall 
reduction exceeded 0.4 mm, corresponding to the height of the implant thread. This finding can be 
explained by the significant reduction of the load-bearing wall thickness; as the resistant cross-section 
decreases, the maximum strength is correspondingly and sharply reduced. Fracture was consistently 
observed at the implant–abutment connection screw interface, which corresponds to the region with 
the minimum cross-sectional area [39]. 

Fatigue curve results showed that the original implant (without implantoplasty) exhibited the 
highest fatigue performance, reaching a fatigue limit above 400 N. Under loads below approximately 
400 N, the implant withstood more than 5,000,000 cycles, as required by ISO standards [28], and in 
our case testing was extended up to 10,000,000 cycles without fracture or plastic deformation. Among 
the modified implants, the specimen subjected to 0.4 mm implantoplasty—corresponding to 
complete thread removal—demonstrated the best fatigue performance, with a fatigue limit of 
approximately 350 N. In contrast, implants subjected to a 0.2 mm reduction exhibited inferior fatigue 
behavior, with a fatigue limit of approximately 275 N. This behavior can be explained by finite 
element analysis, which revealed stress concentration at the junction between the thread and the 
implant body, favoring fatigue crack nucleation. When implantoplasty eliminates the thread entirely 
(0.4 mm reduction), forming a cylindrical geometry, surface stress concentrations are minimized, 
resulting in improved fatigue behavior. However, when machining extends beyond the thread into 
the implant body, the fatigue limit decreases to approximately 180 N. Under such conditions, fatigue 
fracture may occur between 10,000 and 1,000,000 cycles and, considering physiological masticatory 
loads, service life would not reach one year. 

Fractographic analysis showed that implants subjected to high loads and low cycle numbers 
fractured at the coronal region. At lower applied loads, fracture occurred at the implant connection 
where the abutment screw is housed. This fracture mode is accepted by international standards for 
implant fatigue performance. Fracture occurring in the apical region is not acceptable [40-41]. This 
consideration is particularly relevant for clinicians managing bruxist patients or individuals with 
occlusal overload, in whom implantoplasty may adversely affect long-term implant performance 
[42]. 

Another relevant factor in implantoplasty is the machining protocol. Initially, diamond or 
tungsten carbide burs are typically used to remove titanium and biofilm; subsequently, finer burs 
should be employed to minimize machining defects. Small surface fissures generated during the 
procedure may act as crack nucleation sites. Therefore, it is essential not to exceed the dimensions of 
the implant body and to avoid introducing surface defects that could enhance stress concentration 
and fatigue crack propagation. 

To overcome these limitations—namely reduced mechanical reliability, particle release, and 
decreased corrosion resistance—alternative biofilm removal systems have been investigated. One 
approach involves electrolytic cleaning, using the implant as a cathode to generate hydrogen bubbles 
that detach biofilm from the surface. This electrolysis procedure is performed intraorally and is 
already applied in certain dental clinics. Experimental evidence indicates that this treatment does not 
impair mechanical properties while effectively cleaning the implant surface. This technique, known 
as GalvoSurge, is progressively being introduced into clinical practice [24]. Other approaches include 
high-pressure water jet systems and ozone projection systems aimed at oxidizing and eliminating 
biofilm-forming bacteria [43]. However, clinical evidence remains inconclusive, and further research 
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is required to validate the effectiveness of bactericidal treatments that avoid implant machining. It 
has been developed a novel device, the IMPACT implant planer, designed to machine contaminated 
implant surfaces intraorally and create a completely smooth surface, thereby promoting peri-implant 
tissue healing and potential re-osseointegration. This device allows precise control of the machining 
depth and may therefore help prevent excessive reduction beyond the implant body, particularly 
beyond the 0.4 mm threshold identified in the present study [44]. 

Finite element simulations were validated by the experimental results. The modeling accurately 
predicted stress concentration at the thread–implant body junction near the implant–abutment 
connection, explaining why a 0.4 mm reduction exhibited better mechanical behavior than a 0.2 mm 
reduction. Additionally, simulated fatigue curves showed good agreement with experimental fatigue 
data. Two fatigue regimes were identified: low-cycle fatigue and high-cycle fatigue, with a transition 
between approximately 1,000 and 10,000 mechanical cycles. 

This study has several limitations that should be considered. First, fatigue tests were conducted 
according to ISO 14801:2016 [28], which does not require testing under physiological conditions at 
37°C. It is well established that the physiological environment may reduce fatigue life by accelerating 
corrosion–fatigue processes in regions of high stored stress [45-48]. Therefore, the reported fatigue 
life values may vary under in vivo conditions. Another limitation concerns the absence of 
standardized clinical protocols for implantoplasty. Although the bur sequence used in this study 
reflects common practice, factors such as applied pressure, duration of machining, and treated area 
may influence outcomes. Clinically, infected regions do not always involve the entire cylindrical 
surface exposed to the physiological environment, and surgeons may avoid machining areas where 
osseointegration is still present. Nevertheless, the present findings provide insight into the influence 
of implant body wall thickness reduction on fatigue behavior and underscore the importance of 
avoiding machining depths exceeding the thread height. 

5. Conclusions 

Experimental results validated the finite element simulations, confirming their ability to predict 
stress distribution and fatigue behavior. Overall, implantoplasty depth is critical for long-term 
implant reliability; machining should probably not exceed the thread height (0.4 mm in this study), 
and special caution is required in patients with occlusal overload, such as bruxists. 
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