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Abstract: Bruxism is an unconscious, involuntary and sustained motor activity that results in excessive
teeth grinding or jaw clenching that could affect patients’ implants and rehabilitations. The aetiology
for bruxism remains unknown, but it is known to involve multiple factors. The literature lacks studies
on the possible effect of implant morphology on the resistance of the bone-implant osseointegrated
interface when bruxism is present. Our objective is to assess the mechanical response of the
bone-implant interface in bruxist patients whose implant prostheses are subjected to parafunctional
cyclic loading over a simulated period of 10 years. A comparison was carried out between two
implant types (M-12 and Astra Tech), and a pattern of bone loss was established considering both
the stress state and the cortical bone surface loss as the evaluation criteria. Numerical simulation
techniques based on the finite element analysis method were applied in a dynamic analysis of the
received forces, together with a constitutive model of bone remodelling that alters the physical
properties of the bone. The simulated cortical bone surface loss at the implant neck area was 8.6%
greater in the Astra implant than in the M-12 implant. Compared to the M-12 implant, the higher
sustained stress observed over time in the Astra implant, together with the greater cortical bone
surface loss that occurred at its neck area, may be related to the major probability of failure of the
prostheses placed over Astra implants in bruxist patients.

Keywords: dental implants; bruxism; grinding forces; bone remodelling; finite element analysis

1. Introduction

Bruxism is a persistent mandibular parafunction whose aetiology remains unknown, but it is
known that multiple factors are involve [1–5]. Although the influences of stress, depression and
anxiety appear to stand out over other factors [6], some authors classify etiologically bruxism into
psycho-dependent or occlusion-dependent categories, or a mix of both depending on the occlusion
and the psychological pattern [7].

Bruxism may cause various levels of damage to stomatognathic structures, because it is essentially
based on nonfunctional forces that can be maintained for several hours with a considerably greater intensity
than that of physiological masticatory loads [8–11]. Bruxism has been categorised as centric, lateral eccentric,
anterior eccentric, mixed eccentric and extra eccentric mandibular movement [7]. Deemed the most common
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oral parafunctional habit, bruxism can affect the teeth, muscles, temporomandibular joints, bone, implants,
restorative materials or other prosthetic components [12–16].

Bruxism may be classified into primary or secondary conditions. Whereas primary bruxism
is considered idiopathic, secondary bruxism is frequently observed as a side effect of the use of
drugs or neurological and developmental disorders [17–19]. Primary bruxism may be nocturnal or
diurnal [7,17–21]. Nocturnal or sleep bruxism (eccentric), characterised by parafunctional grinding
forces, affects 10% of the population (normally called ‘bruxist patients’) and seems to diminish
with age [7,17,18,21]. Diurnal or wakeful bruxism (centric), which manifests as with parafunctional
clenching forces between antagonist occlusal surfaces without movement, is more prevalent in women
(usually called ‘clencher patients’).

In relation to fatigue fractures, an increase in the duration of occlusal forces constitutes a remarkable
problem in patients with bruxism because that the masticatory muscles become strengthened and the
number of force cycles on prosthetic components increases [8–11,16].

In 1996, an analytical study of 4045 functional implants placed over a 5-years period, in which
6 of the 8 fractured implants supported prostheses in posterior areas, concluded that the fractures
had occurred in patients with parafunctional habits [22]. Other authors suggest that bruxism may
increase the rate of mechanical complications in implant restorations, including the higher prevalence
of implant fractures registered in bruxist patients [23].

Even though bruxism does not represent a definite contraindication for implants [8–11,16],
the presence of parafunctions is one of the most important factors to consider in treatment planning.
Sleep bruxism is riskier for implant restorations compared with wakeful bruxism, because the horizontal
and oblique forces exerted during the grinding of teeth are far more prone to cause the failure of
osseointegration compared with the compressive axial loads related to clenching teeth [24]. The main
difference in the diagnoses of grinding and clenching habits is the presence of wear on the occlusal
surfaces of natural teeth, which may be seen in bruxist patients [9,10].

Common signs and symptoms of bruxism are headaches, repeated losses of cementation of
restorations, jawbone discomfort on waking and muscular sensitivity. Clinical signs of bruxism
are an increase in the size of temporal and masseter muscles, sensitivity to muscles palpation,
mandibular deviation on opening the mouth, limited occlusal opening, dental mobility, abfraction of
cervical surface of the teeth and fracture of teeth or restorations [1–5].

Several investigations have focussed on the ideal prosthesis design and restorative materials for
bruxist patients [11,23,25]. However, the literature lacks studies on the possible effect of the implant
morphology on the resistance of the bone-implant osseointegrated interface when sleep bruxism is
present. Implant macrodesign plays a key role in force distribution along the implant and surrounding
bone regardless of bone type [26–28]. Azcárate et al. conducted a finite element analysis (FEA) of
bone quality relative to mechanical interaction between implant and bone. They used the same two
dental implants as in our study, but few publications have analysed the parafunctional forces over
implants [29]. They focus on abutment material or occlusal splint devices [30,31]. Studies that assess
the mechanical response of the bone–implant interface in bruxist patients are needed.

The meshing of the two materials was done using C3D4 elements, first-order tetrahedra, with an
average mesh size of 0.05 mm. In turn, embedment boundary conditions have been imposed on the
base and Y-movement in the lateral tooth cuts has been restricted. The preparation of the finite element
models for the implants was as follows: ASTRA; nodes: 432,276; elements (4-node linear tetrahedron):
2,567,561. M12; nodes: 330,492; elements (4-node linear tetrahedron): 1,973,646. Our mesh was very
dense, and the stress discontinuity was very low, corresponding to a very precise model.

The aim of this study is to use numerical simulation techniques based on the FEA method to
evaluate the stress state and peri-implant bone loss around two types of implants under simulated
sleep bruxism (grinding forces) for 10 years.
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We hypothesised that the implants’ morphology as measured in terms of peri-implant bone loss
would not affect the distribution of forces under sustained bruxist grinding loads for a simulated
period of 10 years.

2. Materials and Methods

2.1. Dental Implants and Bone Type

Two dental implants with 4 mm diameters and 13 mm lengths, and with evident morphological
differences from each other, were selected for the study. Their characteristics have previously been
described in detail as follows [29]:

– M-12 (Oxtein, Madrid, Spain) is a tapered implant of grade IV titanium with double internal
hexagons and an argon-treated surface. It has coronal microthreads, double U-spins in the
middle third, and microthreads in the valleys, which increases the contact surface with the bone.
This implant has a neck length of 3 mm and includes 6 coarse microthreads with a pitch of 0.3 mm
and a depth of 0.15 mm (Figure 1A).

– Astra (Astra Tech, Dentsply Sirona, New York, NY, USA) is a straight implant of grade IV titanium
with double internal hexagons and a surface blasted with titanium dioxide and modified with
fluorine. This implant has a neck length of 3.7 mm and fine microthreads along the entire neck,
which have a pitch of 0.2 mm and a depth of 0.1 mm (Figure 1B).
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Figure 1. Boundary conditions and loading state for the M-12 implant model (A). Boundary conditions
and loading state for the Astra implant model (B). The point of application of the load is 5 mm above
the implant, affecting the prosthetic abutment, although the implant platform appears directly in
the diagram.

The primary reason to study these implants was to compare the influence of macrodesign on force
distribution on cortical and trabecular zones on tapered and parallel implants with the same platform
design (double internal hexagons), length and diameter. This eligibility criterion has also been applied
in other studies [29].

In addition, four bone types (D1, D2, D3 and D4) have been described in the maxillae from higher
(D1) to lower density (D4) of the cortical bone (Table 1) [24]. For the comparative study of the implants,
the same bone matter was assumed (i.e., the D3 bone type, with a cortical thickness of 1.5 mm) [9,10].
D3 bone is representative of susceptibility to bone loss and is quite commonly found in the mandibular
region. The basic bone geometry was taken from a real cone beam computerised tomography of the
posterior mandibular area; the dimensions of the bone to be modelled were defined from it. As in
a related FEA study on the influence of the mechanical interaction between implant and bone [29],
the depth was set at 10 mm, and the upper area was cut to leave a free space of 6.5 mm with the aim of
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housing the implant properly. Each element of the FEA is given a different value for Young’s modulus
(GPa), Poisson’s coefficient and density (g/cm3) according to its nature (Table 2).

Table 1. Misch’s bone density classification [7].

Bone Density Description Anatomical Location

D1 Dense corticae Mandibular anterior area

D2 Porous corticae and thick trabecular
Mandibular anterior area
Mandibular posterior area

Maxilla anterior area

Mandibular posterior area Porous (thin) corticae and thin trabecular
Maxilla anterior area
Maxilla posterior area

Mandibular posterior area
Maxilla anterior area Thin trabecular Maxilla posterior

Table 2. Initial data employed in the numerical models for the M-12 and Astra implants considering
bone type (III). The structure and arrangement of the different tissues can be seen in Figure 1.

Data Employed in the Numerical Models Young Module (GPa) Poisson Coefficient Density (g/cm3)

Implants 110 0.3 -
Trabecular bone 1.6 0.3 0.91

Cortical bone 13.7 0.3 1.89

2.2. Loading Spectrum

In reference to the usual loading spectrum for assessing the temporal progress of bone loss under
bruxism-induced cyclic loading, the protocol described by Nishigawa et al. [32] was used as reference,
wherein the data from ten patients were collected over a period of 137 h. This protocol includes the
following principles: total loading = 220.7 N; loading angle = 15◦; number of daily episodes = 72;
duration of each episode = 7.1 s; study period = 10 years. UNI EN ISO 14801 was the test standard
applied [33].

2.3. FEA Model

The FEA method was applied using the Abaqus Standard 6.14.2 software package (Abaqus,
Johnston, IW, USA). The characteristics of the materials are specified in point 2.3 (Constitutive model).
The mesh of the two materials was done with C3D4 elements, which are first-order tetrahedrals with
a mean mesh size of 0.05 mm. In turn, embedding boundary conditions were imposed on the base,
whereas displacement along Y-direction was restricted at the lateral sections (Figure 1A,B) [29].

One-hundred-percent implant–bone interface was simulated [34,35]. At the start of the study,
bone loss was zero in the simulation of both implants. The application point of the loading was
placed 5 mm from the upper surface of the cortical bone and was distributed by employing a rigid
interpolation element to impose restrictions between the degrees of freedom of one set of nodes and
the movement of a rigid body, defined by a reference node [29].

2.4. Constitutive Model

The implants, cortical bone and trabecular bone were rendered as linearly elastic, homogeneous
and isotropic [36]. The model establishes a bone remodelling theory based on Stanford’s isotropic
model [36], after being adapted to the spatial–temporal needs required for both the requests indicated
and the time stipulated [29]. In such a modification, a certain threshold was set from which the bone
loss occurred when the loading state described above was reached. When this value was surpassed
(at each finite element model point of the implant), the bone was removed, thus relieving the connection
between the bone and the implant at the level of the affected finite element model point of the implant
(Figure 2).
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reconstitution model for each year of the study period considered (10 years).

It is deemed that the bone tissue needs a certain intensity of mechanical stimulus to maintain its
characteristics [37]. Bone´s inherent self-regulation capacity allows it to maintain its level. In other
words, the bone modifies its density when it is subjected to higher than usual stress states. As mentioned
elsewhere, the stress threshold for bone destruction was set at 2.75 N/mm2 [38].

The daily stress stimulus at the tissue level is defined by:

ψt = n
1
m
c

(
ρc

ρ

)2

σ (1)

where:

• ψt is the daily stress at the tissue level.
• nc is the number of loading cycles.
• m is the constant that quantifies the importance of the stress state and the number of daily cycles.

Based on previous research, it may adopt values between 3 and 8 [39]. The calibration value of
our model was 3.

• ρc is the maximum bone density.
• ρ is the apparent density.
• σ is the effective stress at the tissue level.

Bearing in mind the duration of each episode, and making an extrapolation on an annual time
scale, which is equivalent to 2 days per year of biting at the abovementioned study loading (no recovery
nor unloading time was considered), the law of apparent density progression was determined by the
following formula:

.
ρ =

.
rSuρt

ρ(t + ∆t) = ρ(t) +
.
p∆t

(2)

where:

• ṗ is the derivative of density depending on time. An explicit Euler integration algorithm was used
to obtain the state variable associated with it.

• ṙ is the speed of bone remodelling that quantifies the amount of bone formed on the available
surface of the bone matrix per unit of time. This variable was not nil when the established
threshold was surpassed.

• Su is the specific surface.
• ρt is the tissue density.
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Once the law of density progression for each element of the model was known, the value of the
apparent mechanical properties was determined based on it. Given that the bone is considered an
isotropic material, only Young’s modulus and the Poisson coefficient were considered [39].

E (MPa) =
{

2014 ρ2.50, ρ < 1.2g/cm3

1763 ρ3.23, ρ ≥ 1.2g/cm3

ν =

{
0.20, ρ < 1.2 g/cm3

0.32, ρ ≥ 1.2 g/cm3 (3)

These new parameters obtained for each element of the numeric model were updated in the FEA
model to obtain a new stress state after the bone-remodelling process. The block diagram outlined in
Figure 2 determined the information flow embodied in the constitutive model.

As a reference for the usual loading spectrum for assessing the temporal progress of bone loss
under bruxism-induced cyclic loading, the protocol described by Nishigawa et al. [32] was used,
wherein the data from ten patients were collected over a period of 137 h. This protocol includes the
following principles: total loading = 220.7 N; loading angle = 15◦; number of daily episodes = 72;
duration of each episode = 7.1 s; study period = 10 years.

3. Results

After the process described in the previous section was applied to simulate a period of 10 years,
the progress of the stress state for each implant was evaluated along with the bone loss due to the
established cyclic-loading state.

In the initial stress state, an overload on the more rigid material was detected. The same occurred
in the area that reacted depending on the direction in which the lateral component of the loading had
been applied (e.g., the left part of the cortical bone at the implant neck area). As it progressed over time,
the part of this material next to the implant was biologically removed because the critical stress level
set at 6.9 N/mm2 was surpassed [38]. Therefore, in the absence of rigidity, the forces were redistributed,
loading on other areas of the cortical bone at the implant neck and on the trabecular bone that was
subjected to loading. As a secondary finding, a high concentration of stress was identified in the lower
area of the implant due to the boundary conditions imposed at this point (neither being representative
of the model nor affecting the ultimate aim of this study).

The stress state during the Astra implant simulation was greater in comparison with that of the
M-12 implant (Figure 3A). In terms of contact surface loss at the bone-implant contact-site, this involves
a greater resorption of the bone surrounding the implant prosthesis.

Under equal conditions, by the end of the study, the contact surface loss was 8.6% higher in the
Astra implant than in the M-12 implant at the neck area between the implant and the cortical bone
(Figure 3B). Hence, the Astra implant lost 12.40 mm2, whereas the M-12 implant lost 10.83 mm2 of
cortical bone in the same period (Table 3).

Finally, a greater loss of trabecular bone was registered in the case of the Astra implant with
respect to the M-12 implant. This may be due to the loading redistribution produced via the smaller
surface contact with the more rigid bone existing at the neck area of the Astra implant (Figures 4 and 5).

Table 3. Tooth surface loss between cortical bone and implant.

Tooth Surface Loss between Cortical Bone and Implant Total Surface Area (mm2) Surface Area Lost %

M-12 18.85 10.81 57.3
Astra 18.85 12.40 65.9
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4. Discussion

In this study, the simulated mechanical behaviour of the interaction between the bone and
2 morphologically different types of implants in bruxist patients was observed. Although it is true
that the occlusal load is an important factor in bruxism, other factors are related to the bone loss
(e.g., inflammation of the peri-implant tissues). However, addressing the other factors was not the
objective of this article [40]. For analytical purposes, the FEA method together with a constitutive
model for bone remodelling was used, with stress changes and bone loss assessed over various periods.
In this regard, the FEA model has been recognised as a valid tool for studying situations close to reality,
which can be difficult to investigate clinically, or in which the existence of innumerable factors can
introduce biases that are difficult to control [41–43].

Previous research has used the FEA method to analyse the stress state and bone loss in various
areas of the body (e.g., dental implants and femoral head prostheses) [44,45]. Such investigations,
which combine various types, surfaces and bone densities, conclude that the achievement of positive
data for both abovementioned parameters may be the key to efficient long-term treatment.

Bruxism is often cited as a risk factor for implant failure, having both biological and biomechanical
effects because the forces transmitted to the parts of the implant, during parafunctional activities,
may result in overloading (Table 1) [23,46–49]. However, scant literature exists on this topic, and what
exists is not unequivocal; the majority of reports in this field consist of expert opinions based on clinical
and empirical experience. Despite this, it has been shown that one must be cautious when proposing
implant prostheses to patients with bruxism [40]. This is shown in the data from the experimental
literature on the effects of various types of occlusal loading on the marginal peri-implant bone loss,
as well as study data related to the intensity of the forces transmitted to the same bone during teeth
clenching and grinding activities.

Bone density is directly related to bone strength. Misch [24] described the trabecular bone
properties using his classification of densities, where it can be seen that the strength of the dense D1
bone type is ten times greater than that of the D4 bone type (Tables 2 and 3) [9,10].

In relation to the percentage of bone-implant contact and bone density, the D3 and D4 bone types
present higher risks than the others do. Their fine trabecular bone characteristics and their low strength
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make them prone to receiving greater stress at the bone-implant interface [9,10]. Therefore, the D2
bone type was chosen for modelling, both because it is representative of the susceptibility to bone loss
and because it is the usual bone type in the mandibular area.

To establish a time scale, several calibration studies for the numerical model were carried out,
and the stresses associated with bone loss were analysed, concluding that a study period of 10 years
was representative of the problem (Figure 2).

The response obtained in this type of study is significantly determined by the loading state,
and it is essential that the correct loading spectrum is chosen, because not all of them compromise
the proper functioning of the implant prosthesis [36] (Figure 1). It is known that some forces can
lead to the failure of an implant. Therefore, a typical loading spectrum for patients with bruxism was
adopted. Their bites and frequencies were greater than those of other patients not suffering from this
pathology [32]. Many other variables apart from this one may negatively affect the functionality of an
implant, such as age, smoking, alcoholism, diabetes or hygiene habits, which may be interesting to
investigate in the future [50–52].

For a consistent representation of reality, finite element modelling was used on Abaqus, a software
program that was designed for this purpose and offers several types of elements for establishing the
model mesh. Both implants were executed using C3D4 elements, which are first-order tetrahedral
elements, because they offered optimum results for the mesh density employed, as well as a lower
computing cost compared with C3D10 elements, or second-order tetrahedrals [29].

Several authors use Stanford’s bone remodelling constitutive model to study the stress stimulus of
other regions of the human body [35]. This isotropic model is proposed as an attempt to take the ideas
of Beaupré and his collaborators to a time-dependent model [39]. The essence of this theory is based
on the need for a certain level of the mechanical stimulation of the bone to facilitate its self-regulation.
Starting from this basis, a constitutive model was established and was adapted to the time scale needed
for the present investigation such that the bone destruction could be taken into account based on a set
level of critical stress.

Several interesting results were obtained in this study. Our hypothesis was rejected, because the
force distribution under bruxist grinding loads exerted for a simulated period of 10 years was
conditioned by the implants’ morphology as measured in terms of peri-implant bone loss.

The stress behaviour and the progress associated with both models correspond with the aim of
this study. In agreement with the literature both implants presented lower stress in the apical area,
and more concentrated stress around the neck. It is at this location that the greatest bone loss occurs
and consequently a load redistribution [53,54].

One-hundred-percent implant-bone interface was simulated which is impossible in clinical
situations; several publications have also considered it [34,35], because they show fractures occurring
further away from the bone-implant interface on removing osseointegrated dental implants with
roughened surfaces [55]. Even though this might not significantly affect the results [56,57],
micromotion can occur in the interface. In the cervical aspect minor micromotion in the range
of 0.75 µm could be found, whereas at the most apical part almost no relative displacement can be
found between implant and bone [58].

On the other hand, studies show that reducing the thread pitch and the depth of the thread in
low-density bone can improve primary stability and decrease the period of osseointegration [59],
as well as lead to a better distribution of axial forces [60,61]. The thread depth should exceed 0.44 mm
to optimise the mechanical properties [62].

Stress distribution patterns may have been different depending on the properties assigned to
materials of the model. The inherent limitations of the finite element stress analysis should be taken
into consideration [35].

An earlier study in which the FEA method was used to compare two types of implants concluded
that after they were subjected to the contemplated loading, both presented low stress in the medullar
bone, meaning that the greatest stress concentration was located at the cortical area [3]. In a systematic
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review carried out in 2014, the authors stated that it was unlikely that bruxism was a risk factor
for the appearance of biological complications around dental implants. Nonetheless, research has
suggested that such parafunction could be a risk factor for mechanical complications [11]. In this study,
biological and mechanical changes were observed after 10 years of simulated loading on both implants
(Figures 4 and 5).

A greater probability for the implant prosthesis to fail could be expected when Astra implants are
used in bruxist patients, mainly for two reasons: (a) The 8.6% greater contact surface loss detected
in the Astra implant with respect to the M-12 implant at the neck area between the implant and the
cortical bone; and (b) the greater increase in the stress state identified in the Astra implant when
compared with the M-12 model at the same location (this being the main area for implant support)
(Figures 3–5; Table 3).

Finally, it can be concluded that the greater loss of trabecular bone in the M-12 implant may be
due to the shape of the bone extraction canals, as well as to the shape of the implant thread, where a
greater concentration of stress is produced, thereby determining areas that are prone to bone loss.
This effect could be mitigated by reducing the size of such canals and improving the design of the
threads to reduce these stress peaks.

5. Conclusions

Within the limitations of this experiment, the following conclusions may be drawn:

• All of the hypotheses adopted are representative of simulating the behaviour of the bone-implant
interface, which was the study object.

• At the initial stress state of both implants, an overloading occurred on the left part of the cortical
bone area at the implant neck, obtaining lower stress levels in the apical region.

• When compared to the Astra model, the M-12 implant allows better dissipation of forces in the
neck area (where most forces are concentrated).

• In the Astra model, the greater sustained stress over time and the contact surface loss observed in
the cortical bone around the implant’s neck area may be attributed to the lower contact surface
initially achieved at the cervical level of this type of implant when compared to the M-12 implant.

• The higher loss of trabecular bone recorded in the M-12 model may be due to the shape of its bone
extraction canals and implant thread. Given that the greater stress peaks were registered in these
areas, more prone to bone loss a reduction of the canals and a modification of the implant thread
may be suggested to avoid this problem.

• In light of the study results, prostheses placed over M-12 implants may be expected to have more
predictable prognosis than those constructed onto Astra implants in bruxist patients.
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