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Abstract
Establishing a standard measurement for drilling and screwing bone implants in different amounts and qualities of bone 
tissue, in a simple and adequate way to control and predict results, is the gold standard for successful primary stability and 
better results on long-term osseointegration. So far, the maximum insertion torque (MIT) has been used as the main param-
eter to achieve success in primary stability and osseointegration, although it has shown conflicting results in the literature 
for over four decades when predicting standard or minimum values. Basically, the surgeon's experience guides the planning 
and execution of the surgical procedure, adapted in each case according to his tactile experience, guided by X-ray analysis 
and the bone and general conditions of the patient. In this work, using a new biomechanical simple machine as a dental 
implant, a new method will be described mathematically and experimentally, which standardizes the compression and 
torque in the implant-bone contact, in five different bone densities, during the achievement of mechanical primary stability. 
The results described the relationship between the MIT, maximum removal torque, and maximum force of static friction 
between implant-bone and bone-to-bone, achieving a controlled and predictable standard steady-state torque that maintains 
equilibrium in elastic stress for the primary stability of bone implants, hereby established for an innovative simple machine 
Bioactive Kinetic Screw.

Keywords Statics · Bone implants · Maximum insertion torque · Maximum removal torque · Standard torque

1 Introduction

Torque (T) is a special kind of force that applies rotational 
or angular acceleration in an object. If it is not moving it 
is going to start spinning faster or slower inherent to the 
force applied. Rotational equilibrium means that there is no 
torque, no rotational or angular acceleration in an object. 
Anytime a force goes straight through the center of rotation 
of an object, there is no torque from that force (Τnet = 0) [1]. 

Torque equals the force applied times the distance between 
this force and the center of rotation ( T = Fr ) and its unit Nm.

In bone osteotomies, drilling, and screwing, torque is 
manually or by motor applied into the bone, controlled by 
the surgeon tactile experience. Especially for drilling and 
screwing bone implants, using an electric surgical motor 
enhance the predictable results for the surgeon by describing 
torque, speed, and rotational parameters for future improve-
ments in the surgical techniques [2]. Three factors determine 
the type of work a motor can produce, speed, torque, and 
horsepower. Speed is defined as how fast the motor per-
forms its work, the typical units of measurement for rota-
tional motor speed are revolutions per minute (rpm). Work 
is defined as a force applied over a distance, the same defini-
tion of torque that produces rotation when a force acts on a 
radius (r). Horsepower (HP) is defined as the rate at which 
work is accomplished being another unit of measurement for 
power and can be translated into Watts (1 HP = 746 Watts), 
BTUs (1HP = 2545 BTU), Joules (1 HP = 1.055 J), or any 
unit of power [3].
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Manipulating the connection among speed, torque, and 
horsepower, an understanding of how they are related to 
surgical motors, increases the precision during bone osteoto-
mies, and offers parameters for controlled results. If torque 
remains constant, speed and horsepower are proportional. As 
the speed or rpm increases, HP increases to maintain con-
stant torque. If speed decreases, HP decreases to maintain 
constant torque [4].

Friction occurs when two materials resist moving against 
one another like titanium screwed into the bone. The coef-
ficient of static friction depends on the combined effects of 
material deformation characteristics and surface roughness, 
both of which originate from the chemical bonding between 
the atoms of the materials between their surfaces and any 
adsorbed material. The fractality of surfaces, a parameter 
that describes the integration of structural and molecular 
interactions across a range of scales of surface roughness, 
plays an important role in determining the magnitude of 
static friction [5]. The amount of friction generated depends 
primarily on the materials which are in sliding contact, the 
coefficient of friction (μ) is a dimensionless quantity that 
describes the ratio of the force of the friction between two 
bodies and the force of them pressing together. This coef-
ficient can be used to help to determine the amount of force 
required to move a drill bit, a screw, or a saw in the bone. 
The amount of force required to slide a load and overcome 
the maximum static friction (μs), and start the kinetic fric-
tion, is calculated by multiplying the coefficient of friction 
(μ) by the weight of the load for horizontal forces, where 
Ff is the frictional force and N is the normal force (mg), as 
seen in Eq. (6).

If an object is on a flat surface and subjected to an 
external force sliding, then the normal force between the 
object and the surface is N = mg + Fd only where mg is 
the object's weight and Fd is the component of the external 
force (MIT). The coefficient of friction has different val-
ues for static friction and kinetic friction. In static friction, 
the frictional force resists force that is applied to an object, 
and the object remains at rest, like dental implants totally 
screwed into the bone, resulting from molecular interactions 
between the implant and the bone surface. In kinetic friction, 
the frictional force resists the motion of an object like dur-
ing the drilling bone. The frictional force itself is directed 
oppositely to the motion of the object.

How hard the materials are pressed together puts more of 
their surfaces in contact with each other, and that is where 
the BKS increased material density plays an advantage [8]. 
Static friction is required for dental implants primary sta-
bility or mechanical stability avoiding micro-movements 
that lead to increased failure in osseointegration. Maximum 

(1)Ff = �N

insertion torque (MIT) is mistakenly used as a parameter for 
mechanical initial stability in dental implants clinical and 
experimental procedures, as observed by conflicting results 
in literature for decades [9]. Over-tightening the implant into 
the bone will strip the bone threads, while under-tightening 
may cause the screws to loosen.

Achieving higher torques in dental implants due to an 
increased coefficient of friction and not due to undersized 
drilling compression, increases the bone–implant con-
tact (BIC) surface area without overloading the bone with 
high stress/strain, as is the case with MIT, mainly due to 
the difference between the undersized drilling in the bone 
(smaller diameter) and the geometry of the metal bone 
implant (screwed under pressure). The different hardness 
of bone and metal implants increase the stress/strain in the 
bone, increasing the risk of osseointegration failure [10]. As 
bone density varies, it is impossible to accurately predict the 
optimized undersize of the holes for each specific implant 
geometry. It is used in the literature on different undersized 
drilling protocols, related to bone densities and implant 
properties without clear correlation of the results [11]. The 
higher torque obtained by compression of the implant screw 
into the bone can cause initial mechanical stability, but it 
also shows an osteoclastic increase in the early days of the 
healing process, increasing the risk of implant failure [12]. 
Once fully screwed into the bone, the dental implant reaches 
static friction (stability). This is the parameter that prevents 
micro-movements of the implant in the bone and its value 
determines the load that can be mechanically supported at 
this stage of the healing process without compromising short 
and long-term osseointegration.

If, immediately after obtaining MIT, we apply an anti-
torque (MRT) to the same implant, as soon as it begins 
to move, we obtain exactly the value of torque (force) 
required to overcome maximum force of static friction, or 
maximum static friction torque (MSFT) applied to screw 
removal, equivalent to the maximum removal torque (MRT) 
in implants, which has already been robustly described in 
the literature. This is only possible in experimental studies 
in the laboratory or on animals, otherwise, osseointegra-
tion is compromised by loosening the implant [13]. The 
implant site preparation protocol should be carefully cho-
sen to reduce implant micromovement below the 50-150 µm 
threshold and to provide adequate stability and prosthetic 
support according to the planned loading protocol (delayed, 
early, or immediate) [14]. This implant-bone interface con-
tact (BIC) does not consider the contact volume between 
these materials. With different drilling parameters and 
protocols, its unpredictable in humans that the maximum 
static friction torque (MSFT) or MRT, and different MIT 
standards are described in the literature as ideal, with dif-
ferences between 10 and 150 Ncm, showing discrepancies 
and inconsistencies in the results [15, 16]. There are also 
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no correlations between different primary stability analysis 
tests, such as resonance frequency analysis (RFA), implant 
stability quotient (ISQ), insertion energy (IE) measurements, 
i.e., the total energy required to place the implant in its site, 
and implant to bone MIT [17]. In a systematic review, the 
mean value of micromotion for implants that osseointegrated 
was 32% of the mean value for those that did not (112 ± 176 
µm versus 349 ± 231 µm, p < 0.001) [14].

As it is also a drill bit, with BKS there is no lateral com-
pression after total insertion into the bone bed due to the 
bone being cut by the flutes of the same size and geometry 
as the BKS implant. The retention and immobilization of 
the BKS being done primarily by the resulting force (torque) 
applied through the implant into the bone, correlated with 
the coefficient of kinetic friction of the implant into the bone 
(μKIB) and the coefficient of kinetic friction (μKBB) of the 
compacted bone (chips) inside and through the BKS to the 
bone bed site (μKBB, or bone to bone kinetic friction) until 
the torque is removed, becoming the BKS coefficient of 
static friction (BKSμSF) [18, 19]. The depth where the torque 
increases more abruptly has been considered as the point 
of flute clogging (bone chips) and used as a performance 
criterion for chip-evacuation capability [20, 21]. In BKS 
insertion (μKIB), the increase in torque indicates the start of 
compaction of the collected material, where the addition of 
more torque continuously reaches the limit (μKBB) allowed 
and established by the properties of the materials used, with-
out breaking the integrity of the system and causing rupture 
(ultimate strength) [21].

Chips can be classified as granular solids, which are char-
acterized as a group of particles of approximately the same 
size. Granular solids have characteristics of both fluids and 
solids. They occupy the internal geometry of the BKS, as 
shown in Figure 1, where they fill, exert pressure on the 
container boundaries, and flow through openings like fluids. 
However, like solids, they have cohesive strength, can have 
non-isotropic stress distributions, and have shear stresses 
proportional to normal stress [20].

Bone drilling chips (bone graft) collected during implant 
site preparation can be reused as homogenous autologous 
bone graft material to increase the coefficient of friction val-
ues due to cohesive molecular retention of bone particles in 
the bone bed site [20, 21]. It is well-known in the literature 
that living cells have been found in bone chips even after 
drilling with twist drills [22]. The measured value obtained 
in vitro, and ex vivo experiments determined the torque val-
ues for five different synthetic bone densities (polyurethane 
foam) PCF 10, 15, 20, 30, and 40. The biomechanical results 
can be mathematically hypothesized for human application 
by the similar and proportional relationship observed in this 
and other experimental tests [23] even with different bone 
densities, using the same protocol [24].

2  Materials and methods

The forces of torque (MIT and MRT), and coefficient of fric-
tion analysis, covered by this study, aim to find the required 
rotational moment to push (insertion) and pull (removal) 
BKS to impending motion. As impending motion is the 
threshold between the system holding still and moving, the 
knowledge of the moments required at impending motion 
allows you to interpret what happens to the BKS system 
in static-but-not-impending conditions as well. Since all 
friction is impending, we will use the maximum coefficient 
of static friction (μSF) after reaching the MIT (equal to  Fd) 
and the related friction force  (Ff or MRT) to describe the 
maximum insertion force associated directly to (μSF) by the 
Eq. (2), where the normal force (N) equals to weight (mg), 
applied as follows:

The innovation presented by the BKS bone implant is 
that after the implant is fully screwed in (MIT), it achieves 
static friction without lateral pressure into the bone, due 
to its drill properties [25–28]. By applying the anti-torque 
(MRT) to the BKS, as soon as the BKS implant starts to 
move, we can precisely measure the value of the maximum 
static friction force limit that will avoid micro-movements 
of the implant inside the bone to achieve successful primary 
stability (mechanical stability).

In the experiment to determine the maximum static fric-
tion force (FSF), a new standard torque (ST) obtained will be 
proposed, correlated with success or failure probabilities in 
osseointegration. Our ST proposal is described by the MIT 
relationship with MRT, obtaining the amount of force (FSF) 
to start unscrewing the implant (BKS). This approach is 
only valid for individual measurements on implants that are 
inserted without any bone bed compression when the bone 

(2)�SF =
Ff

N + Fd

=
MRTBKS

mg +MITBKS

Fig. 1  (a) BKS, innovative biomechanism for bone screws and 
implants; (b) BKS machined for the experiment in steel 304



 Journal of the Brazilian Society of Mechanical Sciences and Engineering (2023) 45:651

1 3

651 Page 4 of 8

bed size is drilled at the same size as the implant geometry. It 
is not possible to obtain controlled similar values and predic-
tions using this method, in any protocol of undersized bone 
drilling, and perforations with unthreaded holes, applied in 
bone implants. The Eq. (3) to determine the standard torque 
(ST) for BKS is:

The ST will be a non-absolute value but proportional to 
the bone densities applied. Higher the MIT then higher the 
MRT, but due to the properties of BKS the measured dif-
ference between MIT and MRT remains proportional and 
predictable. The Coefficient of Friction (μ) is the measure 
of the amount of interaction between two surfaces related to 
the friction between them, as they slide over one another, roll 
over one another, or two surfaces are in contact but not mov-
ing. They are acted upon by forces in opposite directions, 
and then, since they do not move and there is still an inter-
action, the amount of interaction depends on the coefficient 
of friction between them. In maximum static friction when 
a force (FSF) is applied and eventually the object begins 
to move this is defined as the static coefficient of friction 
(μSF), distinct from the kinetic coefficient of friction. Math-
ematically it can be represented by an Eq. (4) between the 
 MRTBKS which is equal to the static friction force (FSF), the 
force applied at the same distance (the radius of the BKS) 
making it possible to compare these two forces, required 
to start moving the implant anticlockwise, divided by the 
normal force (N) sum with the external force (MIT) of the 
object as follows equations:

The force  (MRTBKS or FSF) required to start moving the 
BKS implant divided by the normal force N = mg + Fd 

(3)STBKS = MRTBKS

(4)MRTBKS = FSF

(5)�SF =
FSF

mg + Fd

only where mg is the object's weight and Fd is the compo-
nent of the external force (MIT), is equal to the maximum 
static coefficient of friction (μSF) of the BKS into the bone.

With the experimental results obtaining the  MRTBKS 
that is equal to FSF we can precisely determine the static 
coefficient of friction (μSF) using Eqs. (4), and (5), cor-
relating it in different bone densities. Measuring the 
 MRTBKS and applying its correlation with a static coef-
ficient of friction (μSF), we can predict the amount of force 
(FSF) or standard torque (STBKS) that the mechanical pri-
mary stability will support to avoid micromotions and lead 
to secondary stability promoting osseointegration as see-
ing on Eq. (3).

Knowing μSF and N applying Eq. (5) we can determine 
FSF. From Eq. (4) we know that FSF is equal to  MRTBKS. 
Without applying  MRTBKS into the implant, the standard 
torque  (STBKS) proposed can be mathematically deter-
mined with precision and safety, without compromising 
osseointegration, allowing to have improved data collec-
tion, precise adjustments on the surgical protocols plan-
ning, and controlling the osseointegration predictable 
results based on mechanical primary stability.

Twenty BKS implants [--] were machined in steel 304 
with the size of 10 mm length and 4 mm diameter to be 
tested in synthetic bones (Nacional Ossos Ltda.) in five dis-
tinct densities, PCF 10, 15, 20, 30 and 40. Implants were 
inserted manually with a surgical electrical motor (Tech 
Drill) and the torques (MIT and MRT) was measured by TQ 
8801 digital torque meter. The MIT and MRT values were 
considered individually for each implant to achieve accuracy 
in comparing the results of the coefficient of friction and the 
amount of compacted bone inside. Visual inspection of the 
quality of bone compaction during drilling and screw inser-
tion was performed immediately after obtaining the MRT 
and unscrewing the BKS. After weighing the screw, twee-
zers were used to remove the compacted material inside, 
demonstrating the densification effect by removing the bone 
in a block rather than in grains, as shown in Figure 2.

Fig. 2  (a) Synthetic bones in five distinct densities (PCF 10, PCF 15, 
PCF 20, PCF 30, and PCF 40); and (b) removal of compacted bone 
inside the BKS after unscrewing. Using the tweezers, it is possible 
to visualize the block of bone formed by the innovative properties of 

compaction of the material inside, rather than the particulate material 
(grains) that occurs with traditional drilling. Different bone densities 
in the experiment had the same BKS compaction effect. The compac-
tion ratios were relative to the density of each bone
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All BKS implants were weighed before bone insertion 
and after total removal to accurately measure the amount of 
bone graft collected using the Brifit precision digital scale, 
and these values were used individually in the calculations 
as seen in Figure 3.

3  Results and discussion

A new measure of the volumetric coefficient of friction (μV) 
when there is full contact between the walls of a volume of 
material that is inserted into another material, with one of 
the surfaces being subjected to the insertion force was deter-
mined in this work. In all the measurements made, the MRT 
was always higher than the MIT, which is an innovative 
property of the BKS used as a dental implant in this work. 
A pattern was observed when obtaining the torque values. 
At the beginning of the simultaneous drilling and screw-
ing, a constant torque is obtained, which gradually increases 
until it reaches the MIT as soon as the material begins to be 
compacted inside the BKS. It has been observed that the 
compaction and densification of the material inside the BKS 
(Fig. 2b) produces the superior locking of the BKS, requiring 
a higher torque (MRT) for its removal than that used for its 
insertion (MIT). This innovative feature represents a major 
advance in the field of implantology, considering the precise 
control of the values obtained and their standardization to 
determine the torque and force that immediate connections 
and prostheses can withstand. In addition, the densification 
of the bone inside the BKS makes the low-density bones 
(PCF 10 and PCF 15) inside the BKS similar or superior 
to the amounts of higher density bones studied here (PCF 
20, PCF 30) [8]. Considering the non-uniform biomechani-
cal properties of the bones, obtaining a precise relationship 

proportional to the MIT obtained and its relationship with 
μSF and MRT, we have obtained a new fundamental tool 
through BKS properties for understanding the relationship 
of primary stability of bone implants, the contact surface and 
its relationship with bone quantity and quality.

Ten measurements were taken for each bone density and 
only the lowest values were used in this study to maintain 
a direct relationship between individual MIT and MRT 
values. It was decided not to use the average of the values 
obtained from all the measurements to accurately determine 
the values of the coefficient of friction for each bone density 
studied. The lower values of MIT and MRT determined and 
applied in this study make it possible to predict the torque 
and load that the BKS implant will support with a margin 
of safety to be tested.

The results presented in Table 1 show that in all different 
bone densities, the determined minimum friction factor was 
greater than 1. This standardization of the μSF in the differ-
ent bone densities is the desired solution for cases where the 
quantity and the quality of the bone is low.

Knowing that the total volume of bone compacted inside 
the BKS is 96.91  mm3 [8], the densification value of the dif-
ferent bone densities (Table 1) was accurately determined. 
The average compaction value found was 3.45 times higher 
than the original density of the bones, validating previous 
studies [8].

The stability parameters measured for dental implants in 
D1 bones (PCF 40) are all higher than those measured in 
the D4 bones (PCF 10). In general, a higher insertion speed 
results in a lower MIT while the insertion stability coeffi-
cient (ISQ) differed significantly among the insertion speeds 
[29]. The increase in MIT reduces the value of micromo-
tions between the implant and bone interface. Some authors 
indicate immediate loading as a valid therapeutic choice in 

Fig. 3  (a) BKS, innovative 
biomechanism for bone screws 
and implants dry weight before 
insertion into the bones; (b) and 
BKS filled with synthetic bone 
after application MRT, showing 
total weight after removal from 
bone

Table 1   Obtain μSF values by 
applying MIT, and MRT values 
and determine the amount of 
bone collected by BKS at the 
different bone densities studied

Density (g/
cm3)*

MIT (N/cm) MRT (N/cm) Collected 
weight (g)

Total weight (g) μsf

PCF 10 0.16 20 21 0.059 0.91 1.05
PCF 15 0.24 22 23 0.082 0.933 1.05
PCF 20 0.32 30 32 0.11 0.961 1.07
PCF 30 0.48 44 47 0.165 1.016 1.07
PCF 40 0.64 52 57 0.22 1.071 1.1
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low-density D4 trabecular bones with at least 45 N/cm MIT 
obtained with the use of compression drilling techniques. 
[30]. Clinical determination of bone density during drilling 
can be obtained in cortical and trabecular bone but not in 
intermediate densities. Increasing peak MIT values corre-
lated with increasing bone volume and higher MIT, does not 
seem to alter the osseointegration process [15, 31].

Histological imaging with those obtained by X-ray 
absorption images from synchrotron radiation micro-com-
puted tomography, is considered the gold standard for ana-
lyzing bone formation around metallic implants. Compar-
ing statistically the results of bone–implant contact (BIC) 
showed a non-significant difference of 1.9 % (p = 0.703), 
and bone–implant volume (BIV) showed a non-significant 
difference by only 1.4 % (p = 0.736) [32].

The major factors affecting the MIT are bone density and 
hardness, use or not of under-dimensioned drills, and tapered 
implant design. The MIT achieved is directly proportional 
to the bone density, higher in D1 density and lowest in D4 
density, without the use of compression techniques. Using 
under sized drilling techniques it is possible to achieve bet-
ter stability by compression improving MIT in poor quality 
bone. Over-compression (high stress) could compromise the 
angiogenesis and new blood vessel formation [33]. Leading 
to hypoxia in bone–implant tissues inhibiting bone formation 
and affecting Secondary biological stability.

The interstitial fluid supplying the bone cells transmits 
external stresses to bone cells through mechanical energy 
from external stresses are converted into bioelectric and bio-
chemical signals modulating bone cell metabolism, called 
mechano-transduction. When these external stresses are too 
high, osteocytes die, and emerging osteoclasts and bone 
tissue breakdown affecting osseointegration [34]. MIT is 
reduced in implant macro-designs that incorporated cutting 
edges, and lower insertion torque (IT) is associated with 
decreased micromovement as this thread-cutting geometry 
creates a high level of bone to implant contact [35]. Findings 
in the literature suggest that a rough surface finish to cut 
bone, in a well-reduced fracture, should promote healing by 
stabilizing the fracture interface [36].

The tribological properties from the friction of the bone, 
and titanium and its alloys should be considered, both exhib-
iting friction wear. In the bone, wear is more severe than 
titanium and its alloys. The wear debris (chips) from the 
bones should be considered influencing the micromotion by 
stiffness or looseness of the implants. [37]. The wear form 
of bone is a plastic deformation with critical digs, debris, 
and microcracks, whereas while that of the Titanium Alloy 
(Ti-6Al-4V) is a micro-cutting with scratches, denoting 
adhesive, and abrasive wear. [38].

Authors [39] validated testing methods to provide 
bone–implant friction data concluding that the rotation 
method, like when screwing, presented accurate friction 

estimates, and was less affected by normal force (N) and 
speed, than the sled method. The testing of bone against 
implant surfaces produced a variety of different force dis-
placement curves and a wide range of friction coefficients 
in bovines, ranging from 0.19 to 0.78. A weak positive cor-
relation was observed between bone porosity and friction 
coefficient.

A dental implant's macro geometry is critical to its pri-
mary stability. Primary stability is improved by increasing 
the contact surface of the implant with the surrounding bone 
through a larger diameter, conical shape, and roughened 
surface. This is considered the basis for successful implant 
osseointegration, which can be influenced by various fac-
tors such as implant design [40, 41]. The undersized drilling 
technique for implant site preparation results in increased 
insertion torque in sites with low bone density [42], and the 
innovative BKS proposal to drill and screw simultaneously 
shows an improvement in this type of protocol. In previous 
studies, an analytical-experimental comparison of implant 
screws of the same size with and without the BKS biomech-
anism described the achievement of steady state with BKS 
[43].

The results obtained in the experiments with BKS in the 
form of a dental implant showed that the presented new bio-
mechanism preserves the bone perforated in the same place 
inside the BKS, increases the MIT in proportion to the com-
pacted bone inside it, makes the MRT superior in values to 
the MIT for bone adhesion and cohesion within the BKS in 
contact with the bone bed. The BKS also made it possible 
to control and predict the results in the different bone densi-
ties used in this study. If the recipient site does not have a 
flat base for direct insertion of the BKS, a previous guide 
hole of 1.6 mm in is indicated to ensure correct positioning 
of the implant, reducing the compacted bone density inside 
the BKS, but still increasing the density compared to the 
original bone [8]. If a temporary bone screw is chosen, the 
limitations of BKS must be considered, given the tendency 
to increase primary locking and thus optimize osseointegra-
tion in the medium and long-term.

4  Conclusions

The new simple machine BKS in the form of a dental 
implant showed a higher MRT than MIT in all the experi-
ments carried out. In soft bone (PCF 10 and PCF 15) the 
minimum values obtained were 21 N/cm and 23 N/cm, 
respectively. In medium hard bone (PCF 20 and PCF 30), 
the minimum values obtained were 32 N/cm and 47 N/cm, 
respectively. In hard bone (PCF 40) a minimum value of 57 
N/cm was obtained. The coefficient of friction between bone 
and BKS remained above 1 in all measurements performed. 
The lowest MRT values obtained at all bone hardness set a 
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standard for the maximum load that can be safely applied to 
BKS, where the maximum torque value (MIT) obtained as 
a standard in dental implant surgery, which is always lower 
than the MRT in all measurements, it indicates, without the 
need to apply the MRT, how much is the maximum force 
that can be applied for tighten and loosen abutment screws 
and temporary teeth. The value of MIT will vary with the 
hardness of the bone but will always present a higher MRT 
for its removal, making the value of MIT obtain a safe range 
of load that the bone implant can support. Using average 
values to determine MIT and MRT should be avoided in 
experimental studies. This work showed the importance of 
directly comparing MIT and MRT values in the same bone 
implant to obtain the true values of the coefficient of friction. 
This is only possible with the new technique used at BKS, 
where the insertion of the dental implant is standardized by 
its experimentally determined properties and characteristics. 
Future work with in vivo studies will determine whether this 
ratio of MRT greater than MIT is maintained in the organic 
environment.
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