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Abstract: Osseodensification is an innovative surgical instrumentation technique based on additive
(non-cutting) drilling using special burs. It is known from the literature, that the osseodensification
burs should operate in a clockwise direction to drill holes and in a counterclockwise direction to
compact the osteotomy walls. For these purposes, the burs have special design features, like conical
contour shape, increased number of helical flutes, and negative rake angle on the peripheral part.
However, although other parameters and features of the burs define their overall performance, they
are not described sufficiently, and their influence on surgical quality is almost unknown both for
clinicians and tool manufacturers. The purpose of the present research is to identify the key design
features of burs for osseodensification and their functional relationship with the qualitative indices of
the procedure based on an analytical review of research papers and patent documents. It will help
to further improve the design of osseodensification burs and thereby enhance the surgical quality
and, ultimately, patient satisfaction. Results: The most important design features and parameters of
osseodensification burs are identified. Thereon, the structural model of osseodensification bur is first
represented as a hypergraph. Based on the analysis of previous research, functional relationships
between design parameters of osseodensification burs, osseodensification procedure conditions, and
procedure performance data were established and, for the first time, described in the comprehensive
form of a hypergraph. Conclusions: This study provides formal models that form the basis of
database structure and its control interface, which will be used in the later developed computer-
aided design module to create advanced types of burs under consideration. These models will also
help to make good experimental designs used in studies aimed at improving the efficiency of the
osseodensification procedure.

Keywords: drilling techniques; medical tools; medical instrumentation; osseodensification; osseoden-
sification drilling; dental implant; osseodensification burs cutting tool design; dental instruments;
dental cutting tools

1. Introduction

Dental implant stability, or absence of movement, is a critical factor described for
reaching osseointegration and the use of immediate loading protocols [1]. Three differ-
ent techniques are commonly used in implant site preparation: osteotome, conventional
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drilling, and piezoelectric surgery [2—4]. The most widely used preparation technique is
drilling. Drilling operation involves the cutting, i.e., separation of bone tissue with sharp
blades of a rotating tool and extraction of the tissue away from the cutting area with spiral
flutes [5]. This creates a cylindrical osteotomy into which the implant fixture will later
be inserted. The drilling operation may also be referred to as conventional or subtractive
drilling because the material is removed from the bulk of the bone in the form of fine
chips. However, the drilling has some limitations during osteotomy, as it may significantly
decrease the implant fixation stability and pullout strength [6-10]. Heat generation and vi-
brations present other disadvantages of bone drilling, which can compromise the geometric
accuracy of the osteotomy and lead to other clinical complications [11-13].

Recently, an innovative non-cutting technique to eliminate the drawbacks of conven-
tional drilling, commonly named ‘osseodensification’, has been introduced in the market
and put into clinical practice [14]. Osseodensification is a surgical instrumentation tech-
nique where the bone is compacted into open marrow spaces during drilling, increasing
implant insertion torque through the densification of osteotomy site walls [15,16]. In con-
trast with drilling, the osseodensification procedure is considered an additive process since
it utilizes the compaction of bone into the walls of the osteotomy chamber being formed,
hence increasing bone density [17-20].

Generally, the osseodensification technique can be applied in different clinical situ-
ations: low-density bone areas, sub-antral bone grafts, narrow alveolar bone crests, and
immediate implant placement in post-extraction sockets [21]. Currently, the osseoden-
sification Densah® burs by Versah® (Jackson, MI, USA) is widely used and reportedly
has the best outcome for low-density bones, e.g., when preparing osteotomies for dental
implant placement in the mandible or maxilla [22-29]. Osseodensification burs improve
bone density around dental implants but do not give a noticeably higher bone height gain
or apical density compared to osteotomes [30].

The osseodensification method utilizes several specially designed tapered multi-flute
drilling tools (burs). These burs can act in two ways: clockwise (for cutting) to drill
bone or counterclockwise (non-cutting direction) to smoothly compact bone [1,15,31].
Designing and manufacturing such special cutting tools for innovative osseodensification
approaches are very promising and crucially important medical and technological tasks for
the medical industry. In the present paper, a comprehensive analysis of the essential issues
and peculiarities of osseodensification non-subtractive burs is given.

The review was conducted using bibliographic Scopus, ScienceDirect, and PubMed
databases. According to ScienceDirect, the number of papers with the keyword ‘osseoden-
sification” has increased at least 10-fold since 2016, when the technique in question was first
introduced by Huwais and Meyer [11] (Figure 1).

Figure 2 displays the tag cloud generated by keywords related to surgical methods,
including osseodensification techniques, research and development methods, surgical
instrumentation, tools, design parameters, and design methods and techniques. The search
was limited to the period from 2019 to the present. As the qualitative measure, the Total
link strength attribute indicating the total strength of the co-authorship links of a given
researcher with other researchers was used. Thus, according to the search results, the maxi-
mum total link strength is observed for the most general keywords ‘dental implants’ (total
link strength of 224,303), ‘tooth implant’ (179,472), ‘tissue engineering’ (152,760), ‘tooth
implantation’ (95,407) and osseointegration (76,433). In comparison, the keyword ‘osseo-
densification” currently has a total link strength of 821. The material of dental implants is
a highly topical research area, which is proven by the total link strength of the keyword
‘dental materials’, which is equal to 14,964. As for medical tools and instrumentation, the
present review used the keywords ‘drilling” (with total link strength of 4999), ‘dental cutting
tools’ (4403), ‘cutting tools” (976), ‘dental instruments” (911), “drills” (4806), ‘drilling opera-
tion” (639), ‘drilling parameters’ (463), ‘dental burs’ (244) and ‘osseodensifying burs’ (27)
were used.
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Figure 1. Number of scientific publications in the search results of publications for the keywords
(‘osseodensification”) from 2016 to the present (according to ScienceDirect).

In addition, a number of patents for inventions referred to designs of dental burs
and surgical drills were reviewed. All of the patent documents are focused on the gain
in efficiency of surgical procedures, which is estimated by improvements in performance
indicators. To achieve them, the patents deal with increasing wear resistance of the working
part, which widens the technical capabilities and operation performance indicators [32],
modifying the geometry of cutting edges of bur [33], and making other improvements in
bur design [34]. For osseodensification applications, there is a group of patent documents
describing the innovative design features of the burs and their procedure protocol [35-41].

Despite relatively low occurrences of research devoted to medical instrumentation and,
in particular, osseodensification burs, it is obvious that improving the performance capabili-
ties of the tools significantly enhances the qualitative indicators of surgical procedure, which
is of great importance for the further development of the new osseodensification technique.

Only a few references (mainly patents) contain the recommended values of the design
parameters of the osseodensification burs. Moreover, it should be admitted that the issue
of the functional relationships between design parameters of the osseodensification bur
and the main characteristics of the surgical procedure has not yet been sufficiently studied.
This is why more research should be conducted to validate the connections between these
features. The present paper should become the basis for comprehensive research on
osseodensification burs from both engineering and surgical points of view.

Thus, the key novel contribution of the present study is the comprehensive analysis of
engineering and medical requirements to the osseodensification bur. It will provide a solid
base for future research and development works that should be devoted to establishing
the functional relationships between the design parameters of the burs and qualitative
indices of the surgical procedure. This task will include the development of the designing
algorithm, specification of the key design features of the burs, and planning the experi-
mental procedure to obtain more clinical evidence of the increasing efficiency. The future
development of the burs shall enhance the geometry of the cutting blades and their material
properties. Thus, the bur lifetime and cutting ability, as well as preparation efficiency and
ergonomic characteristics, will be significantly improved. All this will lead to an improve-
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ment in the quality of surgical procedures and contribute to the world manufacturers to
extend their production range to satisfy the needs of healthcare facilities.
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Figure 2. The overlay visualization of word cloud based on the keywords related to osseoden-
sification technique and instrumentation occurring in the research publications from 2019 to the
present (according to Scopus, ScienceDirect, and PubMed): (a) categorized by years; (b) categorized
by clusters.
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2. Medical Cutting Tools Classification

In surgery, including dentistry, there are many cutting tools used to perform specific
actions or carry out desired effects, such as modifying or manipulating biological tissue,
providing access for viewing it, or certain manipulations with materials needed during
these actions. Medical cutting tools, including the osseodensification burs under considera-
tion, are often quite sophisticated objects, the properties and performance characteristics of
which are intricately interconnected with the design parameters [42].

It is obvious that whatever object is being developed or studied, understanding its
internal structure and properties helps to make the work more efficient. Due to this, the
classification of medical cutting tools shall be developed in order to identify their key
features and how they are inherited from a higher class of similar objects. Single-edge and
multipoint tools with defined sharp blades, e.g., knives, saws, drills, and milling cutters,
are used for different surgical procedures. Abrasive tools like abrasive bonds, abrasive
heads, and disks can be considered as a subset of multipoint tools. They are also widely
used in dentistry and in other medical applications. In addition, although piezoelectric
surgery is not a common cutting technique for site preparation, it is sometimes used for
maxillary sinus lifting procedures [43,44].

According to the classification shown in Figure 3, the dental burs belong to the class
of rotary multipoint tools and a subclass of milling cutters or mills. Consequently, the
structural parts of the burs and their design algorithm are basically the same as those of
conventional metal-cutting mills.

Medical cutting tools ]

|

Counter
cutting

Coma)

Surgical pliers
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Retractors
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\
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Figure 3. Classification of medical cutting tools.

The most crucial requirement for medical cutting tools used in surgical interventions is
their high quality, which can be estimated by the indicators of efficiency and safety [45,46].
These indicators are highly dependent on the material and on the cutting geometry [47,48].
The main geometrical features are the dimensions and orientation of multiple cutting
blades positioned in a certain way on the tool’s body. At the same time, the cutter’s design
parameters significantly impact the qualitative indicators of the surgical procedure and,
first to be analyzed, is the material of the working part.
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3. Materials Used for Surgical Cutting Tools

In biomedical applications, the working parts of cutting tools like dental burs and
others undergo bending and compressing loads and friction under the influence of corro-
sive and surface-active media. During surgical operation, the cutting tools are wearing
and can lose their cutting properties because the working surfaces and/or cutting edges
experience plastic straining (deformation), brittle rupture, and chipping in the corrosive
and surface-active media and for other reasons. Thus, the main requirements for materials
providing functional properties of medical cutting tools are usually considered to be the
following: high hardness (at least 60-62 HRC), cutting capacity, corrosion resistance, wear
resistance, low frictional coefficient, and resistance to small plastic deformations. At the
same time, high hot hardness is not as important for medical tools as it is for industrial
metal-cutting tools [46].

For surgical and dental cutting tools, special grades of steels, including high-carbon
steels and high-carbon stainless steels, are generally utilized. The common name for
such materials is ‘surgical steels’, although there is no formal definition of what exactly
constitutes this group of materials. Normally, the traditional surgical steels mainly used for
biomedical implants like austenitic SAE 316 stainless and martensitic SAE 440, SAE 420,
and 17-4 stainless steels [49], as well as martensitic stainless steel 4220HC and 410 have
insufficient hardness (usually about 52-58 HRC) and poor cutting edge retention and thus
unacceptable for medical cutting tools.

For the reasons mentioned above, the most commonly used materials for medical
cutting tools are chromium-nickel and chromium-molybdenum austenitic steel grades and
maraging steels. When the chromium content exceeds 11%, it forms an oxide coating, and
the steel becomes stainless. Chromium, as well as molybdenum, vanadium, and tungsten,
give excellent sharpness and edge retention.

It is also important to take into consideration the adverse effects of nickel ions being
released into the human body during surgical interventions. The common recommendation
to avoid nickel allergy or other adverse effects is to prevent direct contact of the human body
with any nickel-containing material. In addition, high nickel content prevents hardening
by heat treatment. Since nitrogen stabilizes the austenitic phase, it can be used instead of
nickel in surgical alloys. The nitrogen atom functions similarly to the carbon atom but offers
considerable advantages in corrosion resistance. Therefore, the high nitrogen nickel-free
austenitic stainless steels are widely used for medical applications [50].

For cutting tools made of conventional high-carbon steels, protection against corrosion
can be ensured by coating chromium, nickel, chromium, etc., using the galvanic method. In
this case, the coating should usually be removed from the sharp cutting edges. Alternatively,
to reduce the heating caused by friction during the bur operation and to extend the tool
life, a wear-resistant coating should be applied on the working part of the bur. Usually, the
titanium nitride (TiN) coating is the most relevant solution for these purposes.

In recent decades, powder metallurgy technology steels have become widely used
in different industries, including biomedicine. The advanced powder surgery steels like
M390 Microclean by Bohler have a hardness of about 62-64 HRC, high wear resistance, and
high corrosion resistance together with excellent edge retention provided by the addition
of chromium, molybdenum, vanadium, and tungsten (about 3-4%). The tool surfaces
made of such steel grades can be polished to an extremely high finish, providing perfect
cutting capacity.

Table 1 shows comparative data for the most widely used grades of surgical steels and
their designation according to different national standards.

As the materials for cutting parts of the surgical and dental tools, the sintered ce-
mented tungsten carbides and tungsten-less cemented carbides (cermets) can be used.
Wear and corrosion-resistant coatings composed of carbides, nitrides, borides of ferrum
(Fe), chromium (Cr), and other metals or alloys, as well as super hard materials like
diamonds, are applied on the working surfaces of the tools [51-53].
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Table 1. Chemical composition and hardness of typical materials used for the manufacture of medical
cutting tools with the designations according to various national standards.

Material Designation According to Hardness After
the Standards: (1) GOST; (2) AISI; (3) C, % Cr, % Ni, % Si, % Mn, % Hardening, Others
g
DIN; (4) Others HRC
(1) USA
(2) C8OW1 0.75-0.84 <02 <025  0.17-0.33 - 58-61
(3) 1.1525, C80W1
(1) UT0A
3115 ﬁ) P S, 0.95-1.09 <02 <025  017-033  0.17-0.28 59-62
(4) TI0A
(4(11))]1%1521?2 1.1-1.29 <02 <025  017-033  0.17-0.28 61-64
(1) 30X13, 40X13
(2) 420 ~ - _
(3) 14028, 14001, X30Cr13, xdocrs 026044 12-14 <0.6 <0.8 <038 55-57 Mo < 4.0 (USA)
(4) 3Cr13, Cr13, SUS420]2
Mo: <0.5
(2) 420HC 04-045  125-135 <008  0.25-0.75 <1.0 40-52 Al: <0.5
Cu: <05
(1) 98X18
(2) 440 g - Ti<02
(3) 1.4125, X105CtMo17, X102CrMo17 09710 17-19 <0.6 <08 <08 60 Mo < 4.0 (USA)
(4) JIS SUS440C
@ g%)s}gi%g’;an) 1.05 14 N/A  0.30% 0.50% 60-64 Mo < 4.00%
(2) Bohler M390 Microclean N/A 18-20 N/A N/A N/A 60-62 Mo, V 3-4%, and W

Ceramics are widely used for dental implant manufacturing [54-56]. Although experi-
mental studies with implant drills made of special grades of cutting ceramics were also
conducted, the effectiveness of these materials has not yet been proven [57-59].

The dental burs are often made of tungsten carbide or diamond. Diamond burs
seem to give better control and tactile feedback than carbide burs due to the fact that the
diamonds are always in contact with the milled tooth in comparison to the single blades of
the carbide burs. The heads of other commonly used burs are covered in fine grit, which
has a similar cutting function to blades (e.g., high-speed diamond burrs). In dental practice,
the diamond heads operating at ultra-high speeds (up to 300,000 rpm) are increasingly
being used.

Further, we will consider the burs with the defined cutting edges made of high-carbon
stainless steel.

4. Materials Structural Model of a Typical Osseodensification Bur

The graph theory provides a flexible and universal approach to engineering analysis.
As for any technical object, the structural model of the osseodensification bur can be
visually represented as a hypergraph (Figure 4). In this graph, each vertex or edge denotes
the structural part of its parameter. This helps to identify the structural elements of the
objects being developed, while the extended version of the graph clearly shows a system of
functional relationships between the design features of the object, its operational conditions,
and performance and quality indicators. For the osseodensification burs, the graph model
is based on the comprehensive analysis of previous studies made by medical professionals
and engineers. Based on the system of functional relationships, an initial dataset used for
designing the cutting tool can be developed [60].

In Figure 4, the edge [; defines the main structural parts of the bur, which include the
working part WP (vertex x1) and the clamping part CP (vertex x;). The working part is
represented by the edge ;1 and consists of the cutting edge CE (vertex x11), the working
edge WE (vertex x13), the main rake surface MRS (vertex x13), the major flank surface
MEFS (x14), the auxiliary rake surface ARS (vertex x15) and the auxiliary flank surface AFS
(x14). Each of these elements has parameters described by edges Ix1;-Ix;5 containing the
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corresponding sets of vertices. Thus, the cutting edge CE is characterized by outer diameter
D (vertex x111), core diameter Dcore (Vertex x112), cutting edge rounding radius r (vertex
x113), tip angle @ (vertex x114), and others (vertex x11). The working edge WE has the total
operational length L (vertex x1»1), edge rounding radius 71 (vertex x127), flute helix angle w
(vertex x13), cone angle @ (vertex x14), and others (vertex xjp,). The main rake surface
MRS has the following parameters: main rake angle 7y (vertex x131), rake surface curvature
radius R (vertex x137), and others (vertex x13,). The main flank surface MFS is described
by main clearance (relief) angle a (vertex xj41), margin width f (vertex x142), flank surface
curvature radius Ry (vertex x143), and others (vertex x14n). The auxiliary rake surface ARS
has a set of parameters, including auxiliary rake angle y; (vertex x151), a curvature radius
of the auxiliary rake surface, R; (vertex x15;), and others (vertex xis,). The auxiliary flank
surface AFS encompasses auxiliary clearance (relief) angle a; (vertex x141), auxiliary margin
width f1 (vertex x16), a curvature radius of auxiliary flank surface, Ry (vertex x163), and
others (vertex X14n).

IXZ

o —
L] Laa Las
X

—_— p—— ple——
laa las
X

=120
lez

Figure 4. Hypergraph structural model of the osseodensification bur (on the example of Versah® bur).

Similarly, the clamping part of the bur (edge lx») is composed of structural elements
for connecting the working part to the shank WP-S (vertex xp1). This connecting element is
characterized by its own set of parameters represented in the graph by the edge Ix,;. This
edge includes the following elements: coupling diameter d (vertex x»11), coupling method
parameters (vertex x»12), and others (vertex x15). The connection between the bur as a
whole and the dental handpiece is shown as the edge Ixyp, which consists of the diameter
of shank dg, (vertex xpp1), length of shank Ly, (vertex x77), and others (vertex xp,). In
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addition, the bur has other properties and parameters (wear-resistant coating, parameters
of manufacturing technology, performance indicators, and others). These characteristics
are represented in the graph by the edge 10 with vertices x;. . .xgn, respectively.

The hierarchy of structural parts of osseodensification bur, its structural elements
and their parameters are described on the hypergraph by the functional links between
edges and vertices {x1, Ix1}, {x2, Lx2}, {x11, Le11}, {x12, Ix12}, {x13, Leazh, (x4, Leaal, {xas, Leish, {xe,
Iy16}, {221, Ix21}. Consequently, the general structure of the osseodensification bur can be
described as follows:

2 n n n n n n n n n n
X1i U xin X0i = U X11i U leiU x13iU x14iU xlSiU x16iU lez'U X22i U X0i 1
1 i=1 i=1 i=1 i=1 i=1 i=1 i=1 i=1 i=1

i=1 i=1

6

i=
The sum of the sets forms the set of unique parameters used to develop a database of
design and technological solutions related to the considered cutting tool. It shall also be
utilized in computer-aided design (CAD) systems to make a parametric geometric model
of the osseodensification bur.

5. Design Features of Osseodensification Burs

Generally, a dental bur consists of three main parts: the head, the neck, and the shank.
Some designs of burs (e.g., tungsten carbide burs) may have cutting blades on their head.
The multipoint burs with the defined cutting edges are equipped with sharp cutting blades
that may be positioned at different angles measured in the radial, axial, or normal cross-
section of the bur with respect to the axis of symmetry or to another imaginary straight
line. More obtuse angles will produce a negative rake angle, which increases the strength
and longevity of the bur. More acute angles will produce a positive rake angle, where the
blade is sharper but which wears and dulls more quickly.

For the osseodensification operations, a bur shall be equipped with at least four spiral
cutting edges and channels, called flutes. Conventional, or subtractive, drilling procedure
involves cutting the bone tissue with the cutting edges and removing debris from the hole
through the flutes. This requires a positive rake angle for better entrance into the tissue and
an optimal cutting process when removing a small thickness of the tissue material during
one revolution of the bur. Typically, the twist burs (drills) designed for the osteotomy
have two or three flutes and a 25 to 35-degree rake angle. Conventional drilling shall be
performed in a clockwise direction [61]. A drawing of a typical osseodensification bur
designed by the Versah® with the parameter designations according to the hypergraph
model is shown in Figure 5.

Conversely, the specially designed burs for osseous densification shall have more flutes
(four or more) and a large negative rake angle. In this case, the edges are non-cutting, and
they progressively increase the diameter of the precursor hole and densify the osteotomy
site walls. This design allows the bone to be preserved by autografting bone particles
against the bed walls through an entry and exit movement. The typical range of rotational
speed both for drilling (clockwise direction) and osseous densification (counterclockwise)
procedures is 300-1200 rpm, depending on the density of the bone [1,11].

When performing surgical operations, it is crucially important to prevent event short-
term overheating or heating up to the 41° C threshold in the operation zone. Usually, the
densifying burs have a tapered shape because it is reported [62] that tapered tools with
three or four flutes generate less heat than the cylindrical drill with two or three flutes,
respectively. It is explained that the entire length of the tapered multi-flute drill interacts
with the bone, distributing heat over a greater surface area and causing deformation, mass
loss, and wear of burs [48,63-80].

Based on the standard design procedure of traditional metal cutting tools, a typical
minimum set of parameters required for designing osseodensification burs was identified.
The values of these parameters were obtained from the literature and patent review and
are represented in the form of Table 2. As can be seen from the Table, some parameters
either remain undetermined, or their values are given in a too wide range. Thus, further
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research and experimental studies are required to establish the reasonable values of these
parameters, taking into account the surgical quality and manufacturing constraints.

Figure 5. Drawing of the Versah® osseodensification bur: Degre—core diameter, A-A cross-section
normal to the cutting edge; B-B—radial cross-section; f—margin width; —cutting edge rounding
radius; r1—edge rounding radius; y—main rake angle in the A-A cross-section; x—main clearance
angle in the A-A cross-section; yj—auxiliary rake angle in the B-B cross-section; aj—auxiliary
clearance angle in the B-B cross-section.

Figure 6a represents a system of functional relationships between three main groups
of features and properties, i.e., parameters of osseodensification burs, osseodensification
operation conditions, and procedure performance data. As can be seen, there are links
not only between blocks belonging to different groups but within each group, too. Thus,
the system can also be thought of as a hypergraph, like the one described above. The
corresponding sets of parameters were identified based on the analysis of previous studies
and the authors’ engineering and surgeon experience. Therefore, this system can be flexibly
changed if necessary. On the whole, such a model forms the database structure, which will
be further integrated into the CAD module under development for the complex design of
the burs.

The most important parameters of burs (blocks 1.1-1.7) are described above. In
addition, it should be specified that the bur quality parameters (block 1.7) include the
roughness of the working surfaces, the accuracy of the working and clamping parts of the
bur, and the parameters of the workflow of the bur manufacturing. The cutting conditions
(block 2.1) are represented by the rotational speed and feeding speed of the bur (usually
controlled by the hand of a surgeon). The direction of rotation (block 2.3) can be formally
considered as a cutting condition, but it was decided to make it a separate item since it
plays a key role in the osseodensification procedure. Cooling conditions (block 2.2) describe
how the cooling water reaches the osteotomy site. Stiffness (block 2.4) characterizes how
the bur resists the dynamic deforming forces during operation. The performance data
blocks (3.1-3.6) are mostly self-explanatory, except for the preparation efficiency (block 3.4),
which is a complex criterion of a good osseointegration.
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Table 2. The most important design parameters of osseodensification burs.

Parameter Recommended Value Comment
Material
Hardness, HRC 555 Ensures hlgh cutting capal?lhty and good
cutting edge retention [34]
Ultimate strength, MPa Not determined Prevents deforming, cracking, and breakage
of the tool [34]
Thermal conductivity Not determined Dissipates heat in the tool’s body [34]
Wear-resistant coating (grade) Titanium nitride (TiN) Reduces heating, extends tool life [34]
Corrosion resistance Chromium content higher Prevents corrosion [34]
than 12%
Antiallergic properties Nickel content lower Helps to avoid nickel allergy or other
glc prop than 0.25% adverse effects [38]
Cutting part
. o Preferred for conventional subtractive
Shape (outline) Cylindrical drilling of the pilot hole in the osteotomy [25]
Being equipped with 4 or more flutes
Cone-shaped generates less heat than conventional
cylindrical drills [44]
For conical bur, the diameter shall be
Outer diameter 0.4-6 mm gradually increased as the burs enter deeper
into the pilot hole [16,21,75]
Body length 10-25 mm [25]
Influences the bur strength, depth of flutes,
Core diameter Not determined and hence the removal of debris from
the osteotomy
The leaps of 4-flute drills provide better heat
Number of flutes 4 or more distribution than ones with 2 or 3 flutes
regardless of the conicity or the cylindricity
of the drill [44]
Conicitv anele Recommended range of 1-5°, Influences the heating and
yang best results with 2°36' [25] densification capability
Positive value gives much better cutting
- . ability and absence of bone residue in
Zero or positive for cutting
. the osteotomy.
Large negative for . .
e o Negative rake promotes the osteotomy site
osseodensification (—1-—75°, .
Rake angle . o . wall compaction due to lateral bone
usually in a range of 30°). This . . .
. . . displacement, allowing the preservation of
is a function of distance from . . .
the apical end of the bur [25] bone by autografting bone particles against
the bed walls through an entry and
exit movement [1].
Tip angle 30-75° [25] Influences the positioning in th? osteotomy
and entrance into cutting
. First clearance angle is 30-60°, . . .
Clearance angles at main ¢ o Determines the bone compaction capability.
. . best results with 6-28 .
cutting edges (apical end . Influences the heating and toughness of
of bur) The second clearance angle is the tooth
about 40° [25]
Cutting edge rounding radius Not determined Influences the heating and working capacity
Influences the removal of material from the
Flute helix angle 5-20° [25] hole and osteotomy site walls
compaction capability
Shank
Standard Cylindrical Typically, the diameter is either 1.6 mm

Tapered

(1/16 inches) or 2.35 mm (3/32 inches)
May be preferred for larger diameters
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Figure 6. Model of functional relationships between main features and properties of osseoden-
sification burs, procedure conditions, and performance data: (a)—hypergraph representation;
(b)—relationships between osseodensification bur design parameters and osseodensification op-
eration conditions; (c¢)—relationships between osseodensification bur design parameters and per-
formance data; (d)—relationships between osseodensification operation conditions and perfor-
mance data.
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To create a database for the CAD system, this hypergraph can be represented as a
set of three incidence matrices shown in Figure 6b,c. For better clarity, different colors
were used to indicate the type of links (or their weight factors, if that is more convenient).
The red color shows that there is no connection between parameters, or it can hardly
be described. Yellow says that the connection is established empirically and cannot be
described analytically, rather than, for example, by an equation with a series of correction
factors. Green indicates that the relationship can be represented as an analytical expression.
It is important to emphasize that the link types shown in Figure 6b,c were identified for
the dental application, but for the metalworking industry, many of the same or similar
connections may have a mathematical representation.

6. Conclusions

In this article, an analysis of multipoint cutting tools used for the innovative osseo-
densification procedure was performed. Based on the studies performed by previous
researchers related to instrumentation and methods of osseodensification, the classifica-
tion of medical cutting tools was developed. It became the basis for the graph structural
model, which allows the identification of the principal structural components and the main
requirements for their properties.

An analysis of cutting materials used for surgery cutting tools with the designations
according to various national standards was completed. It showed a number of alloys
that can be reasonably chosen for the manufacture of dental cutting tools, including osseo-
densification burs. The main requirements for the cutting tool material are high hardness,
corrosion resistance, and cutting edge retention. To reduce undesired frictional heating, the
wear-resistant coating can be applied to the working part of the bur.

The most typical design features of osseodensification burs were analyzed. The
analysis results showed that many structural parameters of osseodensification burs are
undetermined or have too wide a range of recommended values. This means that further
research should be conducted to establish the appropriate values of the bur’s design
parameters, which will improve the qualitative indicators of the surgical procedure. To
achieve this, a specialized CAD module for osseodensification burs design will be created.
The formal models being carried out in the present article provide a versatile approach to
making comprehensive designs of experiments for future studies dedicated to improving
the efficiency of the osseodensification procedure.
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