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Abstract: Background: To prevent excessive compression of the cortical layer, which can lead to 
marginal bone loss, various companies have introduced specialized drills. However, these drills 
often lack the necessary precision, as the operator’s hand may not be stable enough to prevent 
ovalization and over-widening, nor precise enough to maintain coaxial alignment. Therefore, the 
aim of this study was to develop a device capable of achieving calibrated cortical preparation in 
terms of both dimension and coaxiality. Methods: A machining technology based on drilling 
principles was employed to create the device. Results: Nine blades were incorporated between the 
transmucosal neck and the implant threads, enabling the blades to cut the cortical bone coaxially 
during the implant insertion process. Conclusions: The implant with integrated blades was 
engineered to facilitate precise cortical bone preparation, ensuring both accurate dimensions and 
coaxial alignment. This ensures that the radial compressive stresses transmitted from the implant to 
the peri-implant bone during surgery can be precisely controlled. The experimental study outcomes 
discussed in this article validate the effectiveness of the implant design. 

Keywords: bone loss; cortical decompression; peri-implant resorption; osseointegration with 
autologous bone; alveolar precision 

 

1. Introduction 

One of the preliminary operations that must be performed for the installation of a dental implant 
in the alveolar bone is to properly prepare for osteotomy of the recipient sites using special tools. The 
most common osteotomy preparation system uses drill bits. However, ultrasonic [1–7] or sonic [8–
11] devices have also been successfully applied. 

The customized, large-scale production of cutting-edge implants represents a significant 
application within the dental field, including the additive manufacturing [12]. Implants have also 
been designed to compact bone debris around them, aiming to promote better healing and 
osseointegration [13]. Also implants that increase such as Through the technology of chip removal, 
the procedure creates an osteotomy of calibrated dimensions in depth and diameter. While the depth 
of the osteotomy preparation is adjusted to the length of the implant, the diameter is based not only 
on that of the implant but also on the quality of the alveolar bone, which may have different 
hardnesses [1,15–17]. Most implants on the market have threads, and osteotomy is generally prepared 
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with a smaller diameter than that of the implant including threads [18–24]. To achieve the best 
stability of the implant and avoid damaging compression of the alveolar bone, the clinician calibrates 
the diameter of the osteotomy to the hardness of the bone; that is, the harder the bone, the larger the 
diameter. Nevertheless, a compression on the bone, especially in the presence of a hard cortical layer, 
might result in marginal bone resorption [25–31]. To prevent such issues, various implant systems 
have introduced specialized drills designed to expand the cortical area of the osteotomy. However, 
performing this step manually doesn’t ensure the required accuracy, as the operator’s hand may lack 
the necessary steadiness to prevent ovalization or excessive widening, and may not maintain perfect 
coaxial alignment. 

Moreover, during installation, the implant often follows the path of least resistance through the 
bone, potentially deviating from the intended trajectory, even if the operator tries to adjust during 
the threading process. Hence, the aim of the present study was to obtain a calibrated cortical 
preparation in terms of dimensions and coaxiality. 

2. Founding Paradigms 

For this purpose, blades were made between the thread and transcortical collar of the implants. 
Such blades can widen the cortical layer during implant insertion at a calibrated diameter and 

depth with perfect coaxiality with the implant (Figure 1). 

 

Figure 1. Comparison between a traditional solution and the innovative implant configuration. 

Because the blades widen a pre-existing cylindrical hole, the typical operating principle to be 
adopted to provide them with the desired function is based on machining technology by drilling. 

With more than one implant revolution to perform the drilling, it is necessary to use more than 
one blade; otherwise, the depth for each revolution would be excessively high, resulting in the 
formation of big chips and a possible stuck of the implant as soon as the blade penetrates the cortical 
layer. 

For these blades to function properly and to attack the cortical bone in the axial direction of the 
screwing, a special drainage groove must be created between the end of the coronal thread and the 
cortical blades in order to create the necessary spaces for the cutting edges of the latter (Figure 2). 
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Figure 2. Detail of blades and drainage groove - parts nomenclature. 

The blades can have different working diameters. The difference between the diameter of the 
hole machined by the blades and that of the trans-cortical collar can be simply called the blade 
differential or Blade Diameter Differential (BDD). 

The BDD can be neutral if it corresponds to the diameter of the trans-cortical cylinder, without 
causing any compressive/decompressive effect; positive when a circumferential marginal space is 
created between the cortical bone and the trans-cortical cylinder, with a decompressive effect; and 
negative when the maximum diameter of the blade is smaller than that of the trans-cortical cylinder, 
so that a certain, but controlled, interference with the cortical bone layer is obtained, with a 
compressive effect (Figure 3). 

 

Figure 3. Schematic representation of BDD differential types. 

In any case, controlled decompression/compression would be targeted only at the area of the 
trans-cortical cylindrical portion by means of a mechanical removal process performed by the blades 
after the complete insertion of the implant thread into the cortical bone. 

Therefore, the compression generated by the thread in the intermediate stages of screwing 
would remain. However, because of the subsequent action of the blades and the relief groove created 
underneath them, this would be a transient compression, as it would only be applied for a short 
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period of time required for the thread ridges to pass into the cortical bone, which only ends their 
course in the medullary bone. 

The flutes (grooves) used to create the cutting edges of the blades generate the conditions for the 
bone chips produced to be, in the initial phase, partly expelled into the immediate peri-implant 
vicinity, and then, as the blades penetrate the cortical bone, forced into the prepared osteotomy. Once 
this is filled, before the transcortical collar acts as a plug, the flutes expel the chips in excess towards 
the external surface, eventually promoting bone regeneration (Figures 4–6). 

 

Figure 4. Conceptualization of the blade effect at end of implant placement. 

 

Figure 5. Conceptualization of the blades effect at the end of implant placement. 
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Figure 6. Expulsion of excess autologous material from blade cavities, in vivo (dog). 

2.1. Description of the Implant®® 

The reference dimensions and their nomenclature are shown in Error! Reference source not 
found.. The implant chosen as an example (CortyBlade®® Leader Medica s.r.l. via Giacinto Longhin 
11, Padova, PD, Italy) is determined by a nominal length (Hn) of 10 mm, a nominal external thread 
diameter of 3.75 mm (d1), a transmucosal neck height (Hctm) of 1.8 mm, a transcortical collar 
diameter (d4) of 3.75 mm, an external blade diameter (d5) of 3.85 mm and a prosthetic platform 
diameter (d6) of 3.4 mm. 

 

Figure 7. Plant reference dimension nomenclature. 

2.2. Mechanics of Bone Chip Formation 

Bone chips are produced, during the screwing of the implant, by the primary cutting edge at the 
lower end of the ‘wedge-shaped’ blades, which forms the implant, i.e., the main part for producing 
the osteotomy (Error! Reference source not found.a). 

The ‘wedge’ of the primary cutting edge of the blades, rotating in solidarity with the tool, 
insinuates itself by indentation into the material to be machined. This is due to the action of the 
cutting edge from which arises an inclined surface, with respect to the working direction, known as 
the tool’s rake upper face. The insinuation of the cutting-edge causes, by plastic deformation or 
fracture, the separation of a sheet and the subsequent sliding over each other of contiguous layers of 
material. These, while retaining a certain residual ductility, stack up to form a sort of interconnected 
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and continuous multilayer sandwich, which, as they slide across the upper rake face of the tool, form 
chips. This principle of action could be well approximated by Merchant’s model [3] for isotropic 
materials (Figure 8). 

 
Figure 8. Graphical model of chip formation mechanism. 

It must now be considered that cortical bone, for which processing the blades are specifically 
intended, is a markedly anisotropic material consisting of hierarchical structures [32] and different 
resistances to processing depending on whether this occurs along the transverse, parallel, or normal 
directions of the osteons [33–35]. 

It follows that Merchant’s model [36] limits the correct representation of the mechanism of chip 
formation in cortical bone, as it assumes that the material is perfectly isotropic. 

Nomura et al. [37] determined that the direction of the osteons in the human mandible follows 
the direction of the main axis typical of ‘horseshoe’ bone. Transposing these results to the situation 
of a dental implant (Figure 9) to the processing carried out by the implant, it can be seen that the 
direction in which the blades face the osteons is always different (Figure 9). This is also due to the 
circular motion in which they move. An identical observation was made by Zhang et al. [36] on the 
advanced machining of hard tissue studies. 

 
Figure 9. Conceptualization of the distribution and orientation of osteons with respect to the 
placement of the implant. 

However, the cutting procedures are generally performed in multiple directions, so Merchant’s 
model [36] can still provide a good reference for the design of tools planned for bone use [34]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 September 2024                   doi:10.20944/preprints202409.1751.v1

https://doi.org/10.20944/preprints202409.1751.v1


 7 

 

Thus, bone chips produced by machining can present different structural conformations. Liao et 
al. [39] identified three mechanisms of chip formation: - shear cutting; - mixed shear/fracture cutting; 
- fracture cutting. Not surprisingly, the conformation of the bone chip is mostly independent of the 
direction of shear with respect to the orientation of the osteons but is more influenced by the depth 
of the pass. 

Liao et al. [39] showed that regardless of the orientation of the osteons, i) an Uncut Chip Thikness 
(UCP) between 0 and 20 µm produces a continuous, flowing chip (produced by shear cutting 
mechanism) in bovine cortical bone, which can also curl up; ii) between 20 and 80 µm it produces a 
continuous, segmented chip (mixed shear/fracture cutting mechanism); iii) between 80 and 150 µm 
there is a formation of discontinuous chips (fracture cutting mechanism), which also fracture 
coarsely. However, non-viable cortical bone samples taken from bone femurs were used, which were 
deprived of the hydration provided in vivo by the bone-feeding fluids normally provided by the 
Haversian system. 

On the other hand, Linares et al. [40] investigated cutting conditions using fresh non-viable 
bovine bone, artificially feeding the Haversian system of the cortical layer with saline solution, thus 
coming much closer to reproducing natural hydration of the tissue. Under these conditions, with the 
same UCT, similar conclusions as Liao et al. [39] were drawn in terms of type of chip formed. 
However, the hydrating effect of the fluid in the cutting zone formed a chip parallel to the cutting 
surface (tool chest) instead of curling forward. It was further shown an optimal finishing of the 
surfaces machined in the presence of fluid in the Haversian canals, leaving the canals and canaliculi 
open, that is, without obstructing them due to crushing or tearing of the material [40]. 

2.3. Defining the Type of Swarf to be Produced by the Blades 

For the application presented in the present this study, a continuous and flowing chip, possibly 
curling up, should be avoided because it can clog the blade collection grooves by tangling [41], 
forming a large body, generating strong friction against the walls of the implant osteotomy, and 
exerting a non-negligible pressure on the newly worked bone, potentially damaging it. 

A coarse discontinuous chip obtained mainly by fracture can produce the same problems as 
flowing chips. In addition, the fact that it was obtained by fracture could trigger microcracks in the 
freshly machined surface, which could promote the propagation of deeper fractures in the bone in 
the immediate future. Furthermore, formation by fracture is synonymous with surface roughness 
[39], and thus causes significantly more damage to the area where the cut was made. 

On the other hand, a segmented continuous chip could be ideal for the application in the present 
study. First, because the surface finish is not too rough [39], it affects only small, shallow portions of 
bone. Second, because it is equipped with predetermined, small-sized segmentation lines, it could 
easily brittle into infinitesimal chips, which are much more suitable to fill the cavity of the blades 
without causing further damage to the newly machined bone walls, because they are more easily 
adaptable to the shape of the collection spaces around the blades. Therefore, a continuous, segmented 
chip type should be adopted as the basis of the blade operation. 

3. The Solution®® in Practice 

3.1. Parameters at the Main Cutting Edge 

3.1.1. Definition of Blade Vertex Angle 

The angle at the vertex of the blades is denoted as β (Error! Reference source not found. ). This 
angle, as with a drill bit, influences numerous machining parameters such as: 
1. Axial penetration thrust: The smaller the angle, the lower the thrust required for the blade to 

penetrate the bone [34]. 
2. Self-alignment capability: The greater the angle, the lower is the alignment capability [42]. 
3. Chip width: The smaller the angle, the larger the normal cross-section of the chip produced [42]. 
4. Chip thickness: The smaller the angle, the smaller is the UCT thickness of the chip. 
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5. The quantity of heat generated is as follows: the wider the angle, the greater the creep 
deformation of the materials, and thus, the greater the heat produced [42]. 

 

Figure 10. Representation of the apex angle. 

The most desirable characteristic of blades is to maintain a good degree of self-alignment with 
the screw direction of the implant, preventing external forces, such as the thrust exerted by the 
operator, to deviate from the desired direction. To this end, a vertex angle β tending towards 90° has 
been suggested [43]. 

At the same time, however, there is a need to keep the screwing torque of the implant as low as 
possible to facilitate insertion by the operator working in confined spaces. In fact, the lower the 
applied external stress, the better is the desired trajectory maintained. 

Considering the limited extension of the main cutting edge of the blades, compared with a 
hypothetical conventional drill bit operating with the same diameter, the penetration thrust can be 
considered negligible. However, the resistance torque acting near the outer diameter of the blades 
remained relatively high. To limit the drilling torque, the use of a vertex angle β between 110° and 
140° has been suggested [42]. 

The increased heat produced by using any tip angle can be considered negligible in this case, as 
the rotation speed of the blades is very limited because the system is expected to be tightened either 
with a contra-angle handpiece, setting it at a low rotation speed (≤ 20 rpm), or manually with a 
ratchet. 

Considering the standardized dimensions of the tools available on the market for blade 
manufacturing, a β vertex angle of 120° was chosen. This decision was made because it was 
considered that penetration forces are generated with sufficient intensity by the thread of the implant 
(even in a low-density pith), while the torque required for the blades’ action is low while maintaining 
a non-negligible self-aligning action. 

3.1.2. Definition of the Upper Rake Angle of the Main Cutting Edge, α 

Conventionally, for a drill, the variables and cutting parameters are assumed to be localized at 
the outermost diameter of the drill, as they may vary depending on the position chosen for their 
characterization because of the typical morphology of the tool. 

The main cutting edge of the blades, derived from that of a traditional drill bit, has an upper face 
of the tool that forms an angle δ with respect to the cutting direction. With respect to the plane normal 
to the same cutting direction, the tool’s upper face forms an angle α, known as the top rake angle, 
which can be zero if it is perpendicular to the cutting direction vector (δ = 90°), positive if it forms an 
obtuse angle (δ> 90°), and negative if it forms an acute angle (δ < 90°) respect to the cutting direction 
(Error! Reference source not found.). 
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Figure 11. Normal section to the primary cutting edge at the maximum blade diameter. 

The rototranslation of the implant during the screwing phase produces a penetration movement 
of the blades according to a precise inclination, called the working direction, corresponding to the 
helix angle of the implant thread. 

The helix angle ψ, conventionally adopted for the external thread diameter d1, is determined by 
ψ = atan � 𝑝𝑝

𝜋𝜋∗𝑑𝑑1
� = atan � 0.8 𝑚𝑚𝑚𝑚

𝜋𝜋∗3.8 𝑚𝑚𝑚𝑚
� = 3.834°    (1) 

However, the action diameter of blade d3 does not necessarily coincide with the external 
diameter of thread d1 because it depends on the Blade Differential Diameter (BDD) interference/play 
to be impressed according to the desired biodynamic requirements for the cortical bone. 

If, for example, a differential is to be imposed on the blades BDD = +0.05 mm at a thread diameter 
d1 = 3.75 mm, the diameter of the blades d3 can be determined by the following formula: 

𝑑𝑑3 = 𝑑𝑑1 + 2 × (𝐵𝐵𝐵𝐵𝐵𝐵) = 3.75 𝑚𝑚𝑚𝑚 + 2 × (+0.05 𝑚𝑚𝑚𝑚) = 3.85 𝑚𝑚𝑚𝑚    (2) 
The angle of the working direction ψ1 adopting d3 instead of d1 would become: 
ψ1 = atan � 𝑝𝑝

𝜋𝜋∗𝑑𝑑3
� = atan � 0.8 𝑚𝑚𝑚𝑚

𝜋𝜋∗3.85 𝑚𝑚𝑚𝑚
� = 3.784°     (3) 

Because the blade diameter (d3) can be varied to best suit the biodynamic requirements of the 
cortical bone, given the negligible differences between ψ and ψ1, it is preferable to use d1, which is a 
constant of the implant, instead of d4, which is dependent on the BDD to be conferred. 

Kalpakjian [41] stated that if the rake angle α is small, that is, tends to 0, the chip tends to form 
in a discontinuous fragmented type. 

Top rake angles of 8° have been use in some studies [39,40]. However, both provide chip 
formation as a function of the depth of pass (UCP) and not as a function of the rake angle. 

In the blades, unlike conventional drill bits, the main cutting edge does not have a linear but a 
curved profile, owing to their construction method. Therefore, it is also necessary to consider the 
effect of blade construction geometry on the effective upper rake angle α. Starting from the outer 
diameter of the blades d3 towards the core diameter of the screw d2, the geometric effect involves the 
transformation of the upper rake angle α from positive (Error! Reference source not found.) to 
negative (Error! Reference source not found.). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 September 2024                   doi:10.20944/preprints202409.1751.v1

https://doi.org/10.20944/preprints202409.1751.v1


 10 

 

 

Figure 12. Normal section at the primary cutting edge at the average blade diameter. 

To simplify the procedure for determining the upper rake angle α without committing major 
approximation errors, it is advisable to use the blade helix angle ε as a reference and then check that 
the ‘real’ rake angle α remains within a small geometric variation, arbitrarily set at values close to α 
= 0° +/- 10° in order to comply with the suggestion from other reports [39–41]. 

It follows that the helix angle of the blades ε, to obtain a rake angle above the main cutting edge, 
α = 0°, must be equal to ψ. 

It is now necessary to consider that the helix angle ε of the blades also influences the extraction 
of the chip from the collecting cavity (and therefore, from the osteotomy). If the helix angle is 
increased with respect to ψ, the filling of the collecting cavity tends to increase, conveying the chip 
towards the inside of the osteotomy. If it decreases, it tends to empty, driving the chip outwards. If it 
coincides with ψ, it tends to leave the swarf at a random filling/ejection depending on the type of 
swarf that the other operating conditions influence. 

For the purpose of the invention, the bone chips should first fill the cavity, as this is supposed to 
promote the bone regeneration necessary for osseointegration [44–46], and only then achieve their 
complete filling, as the collecting cavities have a volume smaller than the excavated volume. 

The excess bone chip must therefore be evacuated externally, avoiding producing much 
compression on the walls of the osteotomy, in accordance with the objective of the blades to reduce 
or control compression on the cortical bone. As a result, it is preferable to give an increased angle 
differential ε of +9° (arbitrarily chosen) to give a slightly forced harvesting effect, because the type of 
continuous segmented chip (brittle), once the cavity is filled, is sufficiently “fluid” to be drained 
without significantly increasing the compressive effect on the bone. 

As mentioned previously, the helix angle of the blades can be determined by 
𝛆𝛆 = ψ + 9° = atan � 𝑝𝑝

𝜋𝜋∗𝑑𝑑1
� + 9° = atan � 0.8 𝑚𝑚𝑚𝑚

𝜋𝜋∗3.75 𝑚𝑚𝑚𝑚
� + 9° = 12.834°   (4A) 

This value can be approximated as an excess without appreciably affecting the desired effect at 
ε =13°. The adoption of this angle results in variability (verified at CAD for simplicity) in the rake 
angle α between 

𝛼𝛼 = �+10.65°
−11.34°� 

This value falls within the previously established limits to a reasonable degree; therefore, a helix 
angle of ε = 13° was chosen. 

3.1.3. Defining the Clearance Angle below the Main Cutting Edge 

The clearance angle of the main cutting edge is denoted as λ, as shown in Figure 13. This allows 
the secondary flank of the cutting edge to not rub the freshly machined surface while compensating 
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for the even minimal springback that would push it against the tool. It has been suggested that λ 
should be between 12° and 15° for the cortical bone [47,48]. However, the axial feed pitch per 
revolution of the implant is very high (0.8 mm/revolution) compared to that of a normal drill (for the 
diameter in question about 0.05 mm/revolution). The blades are integrated into the dental implant 
and, therefore, feed with the thread pitch. The helix angle ψ of the latter has already been defined in 
equation (1) as ψ=3.834°. 

 

Figure 13. The clearance angle below the main cutting edge. 

It is therefore necessary to increase the suggested λ-angle [47,48] (average value 13.5°) by an 
amount equal to the helix angle ψ of the thread to avoid rubbing of the flank of the main cutting edge 
on the bone because of the high penetration pitch per revolution, which can be re-determined as: 

λ= ψ + 13.5° = atan � 𝑝𝑝
𝜋𝜋∗𝑑𝑑1

� + 13.5° = atan � 0.8 𝑚𝑚𝑚𝑚
𝜋𝜋∗3.8 𝑚𝑚𝑚𝑚

� = 17.334°    (4B) 

This could be rounded to unity without incurring excessive approximations, that is λ = 17°. 

3.2. Parameters at the Secondary Cutting Edge 

The secondary cutting edge (Figure 14) performs the function of scraping, without further 
incising it, and the transcortical cylindrical surface is machined by the primary cutting edge, cleaning 
it, detaching any fragments remaining adhered to it, dragging them to the center of the flute of the 
blades to obtain the filling of the collection cavities, or, once the latter have been filled, guaranteeing 
their evacuation outside the osteotomy. To perform this function, an upper positive rake angle τ= 40° 
was arbitrarily chosen. 
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Figure 14. The secondary cutting edge. 

To the secondary cutting edge was not assigned a clearance angle. This is because the flank must 
perform the function of guiding the blades over the intra-cortical cylinder just created by the primary 
cutting edge. This means that this flank, also referred to as the blade edge, performs the function of 
restraining external loads that the operator might apply during screwing maneuvers, especially when 
using a hand ratchet. 

The arbitrarily chosen margin geometry of 0.05 mm also helps to keep the friction torque low, 
which would otherwise increase the screwing torque of the implant, increasing the lateral forces to 
be applied and, consequently, potentially increasing the axial deflection. 

3.3. Defining the Number of Blades 

As in the drill bit, the main cutting edges are fed by the pitch p of the thread. Given the number 
of blades Nb, the axial feed per blade a can be determined from the ratio: 

a = p/N𝑏𝑏         (5) 
We must now consider that the blades have a vertex angle β, which, as mentioned above, 

influences the thickness of the chip being machined (UCT). The smaller the vertex angle β, the smaller 
the chip thickness UCT, according to the following mathematical relationship: 

UCT = a × sin �𝛽𝛽
2
�       (6) 

Substituting equation (6) for a into equation (5) and solving it for Nb yields the mathematical 
relationship that links the number of blades to the desired UCT chip thickness, vertex angle β, and 
thread pitch p: 

Nb =
p×sin�𝛽𝛽2�

𝑈𝑈𝑈𝑈𝑈𝑈
       (7) 

To obtain the desired chip type (segmented continuous) a depth of cut (UCT) between 20 µm 
and 80 µm should be used [39]. The adoption of a UCT value at the lower limit, called UCT0, equal to 
20 µm (UCT0 = 0.02 mm), produces a number of blades Nb equal to 

Nb = sin
p×cos�𝛽𝛽2�

𝑈𝑈𝑈𝑈𝑈𝑈0
=

0.8 mm×sin�120°2 �

0.020 mm
= 34.641 ≅ 35     (8) 

A total of 35 blades were considered excessive because of the delicate construction form that 
would have to be given to them. In addition, the tools for making them are excessively fragile, and a 
high number of machining operations would result in high production costs. 

The adoption of a depth of cut (UCT) value at the upper limit, called UCT1 equal to 80 µm (UCT1 
= 0.08 mm), would produce a number of blades corresponding to 

Nb =
p×sin�𝛽𝛽2�

𝑈𝑈𝑈𝑈𝑈𝑈1
=

0.8 mm×sin�120°2 �

0.080 mm
= 8.660 ≅ 9     (9) 
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Nine blades would be acceptable from the perspective of production economy. Furthermore, 
because the number of blades chosen is a multiple of the number of predetermined apical notches (Ni 
=3), the latter could be banded with the blades, creating considerable advantages during implant 
processing. 

By adopting Nb =9 blades, the depth of cut actually applied (UCTeff) by a single blade can be re-
determined as 

𝑈𝑈𝑈𝑈𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒 =
𝑝𝑝×𝑠𝑠𝑠𝑠𝑠𝑠�𝛽𝛽2�

𝑁𝑁𝑏𝑏
=

0.8 𝑚𝑚𝑚𝑚×𝑠𝑠𝑠𝑠𝑠𝑠�120°2 �

9
= 0.077 𝑚𝑚𝑚𝑚      (10) 

This value is within the set UCT limit for obtaining continuous segmented chips; therefore, a 
number of blades equal to Nb =9 should be adopted. 

4. Discussion 

Almost all existing dental implants require a clinical protocol that includes insertion by 
interference of the threads with both the medullary and cortical bones. This was done to provide the 
implant with the greatest possible primary stability even in cases of low-density bone. 

Due to the conformation of most implants on the market, the highest stability is obtained in the 
cortical layer through compression of the implant neck and threads towards the bone. However, in 
the presence of a hard cortical layer, the implant can become stuck into the bone or break it if the crest 
is thin. 

On the other hand, in terms of primary stability, an excessively large osteotomy preparation, 
insufficient screwing torque, or poorly resistant bone can lead to micromobility of the implant, 
especially in tapered implants, where tapering acts both as an amplifier of thread-biting capacity and 
as an accelerator of ‘unscrewing’ if adequate boundary load conditions are not achieved (respect for 
deformations in the elastic field of the bone). 

It is therefore essential to carefully dose the ‘preload’ to be given to the dental implant during 
the screwing phase, in an attempt to avoid excessive stress transfer from the bone-implant interface 
to the supporting bone and a possible effect on marginal bone loss [25–31]. 

Bone is a living tissue, and, as such, even in implant surgery, it must be respected by keeping it 
as vital as possible. One method of pursuing vitality is to avoid overstressing it mechanically. The 
solution presented in this study could be the key to controlling bone loss resulting from excessive 
mechanical stress, generally caused by the interference of the threads/neck of traditional dental 
implants on the cortical bone portion with the aim of generating primary stability [23,49–52]. 

To evaluate performance and outcomes, recent animal studies have utilized implants with 
integrated blades, named Cortyblade(R). In one study involving dogs, implants were placed in the 
edentulous alveolar ridge, and blades of different diameters were incorporated into the coronal 
portion of the implants to adjust the preparation of the cortical bone crest [53]. The blade-to-collar 
diameter variations included -175 µm (inducing marginal bone compression), 0 µm, +50 µm, and 
+200 µm, creating marginal gaps of corresponding sizes. The results showed that the highest bone 
crest position was observed with implants having a marginal gap of 50 µm. The cortical blades 
achieved good osseointegration and facilitated the collection of bone particles, especially in the +200 
µm group, which were also incorporated into the newly formed bone. 

Cortyblade implants featuring blades with diameters varying by 0 µm, +50 µm, and +200 µm 
relative to the implant collar were tested in rabbit tibiae [54]. The blades enabled precise contouring 
of the cortical layer, allowing for controlled decompression in the targeted area. This approach 
resulted in successful osseointegration, including the integration of the blades, while preserving 
marginal bone and closing marginal gaps ranging from 0 µm to 200 µm. 

In addition, as this new configuration of the implant is potentially able to right-size the implant 
socket, since they are integrated into the implant, they could provide a further means of controlling 
the state of compression and/or decompression of the cortical layer, resulting from the unpredictable 
deviations imposed by the path of least resistance offered by the bone that opposes the pre-
established implant positioning. 
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Furthermore, by collecting and forcing bone chips into the implant site, they can promote 
regeneration and osseointegration of the peri-implant tissues [53,54], potentially accelerating healing 
time and thus implant stabilization. 

Blades eliminate radial cortical compression during implant insertion, without interfering with 
the primary stability of the implant and promoting optimal osseointegration as found in both studies 
cited [53,54]. 

With all the limitations of this study, the research establishes the basic principles for the 
proposed new solutions. These principles may represent a significant step towards optimizing the 
clinical protocol and predictability in relation to crestal bone loss. 

5. Conclusion 

The implant with integrated blades was engineered to facilitate precise cortical bone 
preparation, ensuring both accurate dimensions and coaxial alignment. This ensures that the radial 
compressive stresses transmitted from the implant to the peri-implant bone during surgery can be 
precisely controlled. The experimental study outcomes discussed in this article validate the 
effectiveness of the implant design. 

6. Patents 

The innovations described in this article, relating to the CortyBlade®® dental implant, are 
covered by PCT No. PCT/IB2022/061392. 
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