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Abstract: The advent of new technologies in the field of medicine and dentistry is creating
improvements that lead clinicians to have materials and procedures able to improve patients’
quality of life. The aim of this article is to evaluate occlusion load and its consequences on fixed
implant-supported prosthesis. New materials have granted clinicians the possibility achieve great
aesthetic results in dental prosthesis, and new procedures allow them to standardize and give precise
and repeatable results, especially for the functional and long-term stability aspects of products.
Some principles should be carefully evaluated and applied to every dental prosthesis; the evaluation
of the forces and fitting of meso-structures to dental implants, an aspect that is often not well
considered by clinicians, is the main focus of this article.
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1. Introduction
Implant prosthesis is a prognostically favorable rehabilitation method, if supported by a correct
diagnostic procedure and performed according to rigorous and standardized surgical and prosthetic
protocols [1]. Although the surgical protocol has been verified and considered predictable, some failures
are always reported in remote follow-ups regardless of the techniques analyzed [2]. These results
justify the interest that researchers have shown in recent years in analyzing the causes that could
determine dental implant failure [3–5]. The factors that appear to be the most responsible for the
failures are attributable to infectious factors (peri-implantitis) and/or overload (the management of
occlusal relationships) [6]. The correlation between inadequate oral hygiene and marginal bone
loss is well-documented both clinically and experimentally. The correlation between overload and
marginal bone loss is less clear. This is linked to the impossibility of quantifying the intensity and
direction of the chewing forces that develop in the oral cavity, especially for patients who show
a parafunction, and to relate them to the biomechanical abilities of the bone [7–9]. The causes of
overload also include the tensions deriving from the non-passivation of the metals of the prosthetic
structures that connect several implants [10,11]. These tensions would be capable of compromising
osseointegration at the bone–implant interface and, therefore, the long-term result of prosthetic implant
rehabilitation. It therefore appears necessary to analyze which pathogenetic theories and occlusal
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2.1. Intraoral Force Analysis
2.1. Intraoral Force Analysis
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Figure 1. Peri-implant tissue reabsorbment. In the case of angled occlusal load (as shown by the arrow),
Figure 1. Peri-implant tissue reabsorbment. In the case of angled occlusal load (as shown by the
teeth and dental implants respond in different ways.
arrow), teeth and dental implants respond in different ways.
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Especially in the posterior sectors, the intensity of the masticatory forces recorded on
Especially in the posterior sectors, the intensity of the masticatory forces recorded on implantimplant-supported prostheses is such as to cause concern for the possible incidence of problems
supported prostheses is such as to cause concern for the possible incidence of problems both
both mechanical (component fracture) and biomechanical (loss of osseointegration). It is therefore
mechanical (component fracture) and biomechanical (loss of osseointegration). It is therefore
important that these forces are transmitted with a dynamic and in directions that do not cause
important that these forces are transmitted with a dynamic and in directions that do not cause an
an overload.
overload.
2.1.4. Application Procedure
2.1.4. Application Procedure
Occlusal loads can be applied dynamically or statically. The first group includes all those forces
Occlusal loads can be applied dynamically or statically. The first group includes all those forces
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static loads are considered potentially more dangerous than dynamic loads.
on implants, static loads are considered potentially more dangerous than dynamic loads.
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reaching a new functional balance. Thus, a fibrous capsule is formed to replace the previously present
bone tissue, arranged so as to completely envelop the implant and represented radiographically by a
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reaching a new functional balance. Thus, a fibrous capsule is formed to replace the previously present
bone tissue, arranged so as to completely envelop the implant and represented radiographically by
a peri-implant radiolucency line, while on clinical examination the tissues appear to be normally
structured. The loss of osseointegration can therefore be explained with plaque theory and also with
loading theory. To evaluate these phenomena at a clinical level and to differentiate bone loss caused
by overload from that of an infectious nature (peri-implantitis), it is necessary to identify parameters
capable of causing reabsorption or failure of an etiological nature. Furthermore, the reorganization of
the tissues and the subverted bone architecture can facilitate the establishment of a marginal bacterial
superinfection, which can spread more easily in depth.
2.3. Stresses and Osteointegration
Clinical studies report that the main causes of implant loss are the accumulation of bacterial
plaque, the presence of type IV bone, and overload. The latter can be defined as the existence of
destructive stress levels in correspondence with the peri-implant bone due to the lack of control of the
distribution of the masticatory load on the implants themselves. Although there is still no answer to
the question of whether the incongruity of a prosthesis may or may not cause osseointegration failure,
it is widely conceivable that the misfit of the implant-supported restoration has the intrinsic potential of
causing implant failure. This failure is attributable both to the destruction of the bone–implant interface
due to microfractures and ischemias and to mechanical failure due to the unscrewing or breaking of
some prosthetic component. In fact, the screws that connect the meso and prosthetic superstructures,
if not interfaced and perfectly coupled, can, once tightened, generate intense stresses (static stresses),
which are of a considerably higher intensity than those generated during the patient’s usual chewing
function (dynamic stresses). These static loads are considered potentially more dangerous than
dynamic loads, because they introduce permanent and incessant tensions in the peri-implant bone
tissue, which, given the inelasticity of the bone–implant connection, is not able to dissipate them,
as happens for the teeth, by means of orthodontic micro-movements (functional ankylosis) [21].
Therefore, although the long-term effects of these tensions on the stability and success of the
implants and prostheses they support have not yet been fully understood, it can no doubt be assumed
that the peri-implant bone does not benefit. Some authors argue that functional loads above a certain
threshold, not yet specified, proportionally and progressively demolish the intimate bone–implant
contact until a new homeostasis is reached. However, this reorganization of the tissues would not
entail the new apposition of bone, but its replacement with fibrous connective tissue [22,23].
In 1996, Isidor, in a split-mouth study on monkeys, compared ligament peri-implantitis to occlusal
overload. The results of this study led him to conclude that occlusal overload is the main risk factor
for the loss of already osseointegrated implants, while the accumulation of bacterial plaque generally
leads to marginal bone loss [24].
Other biomechanical variables can also affect the distribution of chewing forces on the fixture.
These variables are:
•
•
•
•
•
•

the quality and quantity of the bone;
the length of the implant, its diameter, and its macro and microtopography;
the number and position of the screws;
the chosen prosthetic type, whether fixed or mobile, partial or total;
the type of material chosen for the execution and the type of connection to the systems;
and, finally, the type of patient occlusion, the presence of dysfunctions or parafunctions,
muscle spasms, pre-contacts, or correct intermaxillary relationships.

To distribute the occlusal loads as evenly as possible and avoid transverse forces, the diameters
and lengths of the implants should be the most desirable so as to transfer less stress to the peri-implant
bone. Further measures suggest that the occlusal pillar should be below the centric cusp and the
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implant should be in the same direction as the force vector of the antagonist, but above all it is essential
to finalize the centric with no interference in the eccentric lateral and protrusive movements.
2.4. Passivation
One of the factors most responsible for the generation of static stress inside the bone and on the
peri-implant interface, in the absence of occlusal load, is represented by the lack of passive adaptation
between the implant superstructure and the abutments.
Passive adaptation has been defined as “the circumferential and simultaneous contact of all the
abutments on their respective implants and of all the gold cylinders of the prosthesis on their respective
abutments”—i.e., the elimination of the tensions that develop in the structure when two or more
systems are connected.
Some authors have described the complications, prosthetic and implant, due to the poor
accommodation of the superstructures on the implants—i.e., the loosening or fracture of the implants
or their prosthetic components (fixing screws and abutments)—in particular in prostheses screwed
onto multiple implants, since in the cemented ones the cement would already partially cover the role
of passivating agent. However, only a few studies have documented this causal link in a statistical
way, above all by virtue of the fact that the deformations existing within the bone structures that
surround implants that are not completely passivated derive from a combination of a series of
variables such as tension forces, bending forces, and/or screwing. The main difficulties that prevent the
achievement of a passive fit on the abutments are represented by the dimensional changes in the metal
structure, especially related to casting and welding techniques, and/or the presence of impurities or
micro-distortions on the adaptation surfaces after the over-casting of the cylinders or after the melting
of the castable plastic standards.
Jemt et al. [25,26], in an experimental study on rabbit tibia, has shown that, in the absence of
occlusal load, a discrepancy of 100 µm in the 3-implant chaining structure can induce a bone-thickening
reaction within a few weeks. Despite this, in light of other studies, they hypothesize that there must
be a range of imprecision of superstructures tolerated by implants and compatible with their high
long-term survival. The few investigations carried out on the biological effects on the peri-implant bone
of the different degrees of marginal adaptation of the superstructures have shown that the imperfection
limits of the metal reinforcements are not universally accepted, presenting values that are also different
from each other.
3. Results
The physiological differences between a natural tooth and an endo-bone dental implant are
well known, but the potential biomechanical characteristics derived from these differences remain
controversial. The fundamental intrinsic difference is represented by the fact that osteointegrated
implants are susceptible to occlusal overload, since they lack the periodontal ligament. While the
mobility range of an osteointegrated implant has been shown to be approximately 3–5 µm, in a
natural tooth the periodontal ligament adapts to occlusal forces with axial micromovements that can
range between 25–100 µm (natural effect of “stress absorber”). The periodontal ligament, in fact,
is functionally oriented perpendicular to the axial loads, allowing physiological movements of the
tooth with respect to the occlusal stresses along its axis and a functional adaptation to changes in the
conditions of static stress. Furthermore, this mobility allows it to functionally adapt to the deformations
that the mandibular bone undergoes during opening or lateral movements.
Under load, the complex movements of a natural tooth initially involve the periodontal ligament
and, in a secondary phase, the alveolar bone [27]. Vice versa, a loaded implant follows a linear
deflection pattern, dependent on the elastic deformation of the alveolar bone. Thus, under load,
the compressibility and deformability of the periodontal ligament of natural teeth can make a difference
in adapting to static and dynamic occlusal forces compared to osseointegrated implants.
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A natural tooth, when subjected to a transverse load, is able to move rapidly by 56–108 µm
and rotate in the apical third of the root, and the lateral force borne by the tooth immediately tends
to decrease from the bone crest along the root. On the other hand, the movement of an implant
subjected to the same lateral load occurs gradually, reaching a maximum of 10–50 µm, and the
concentration of forces is greater at the level of the crest of the peri-implant bone, with no possibility
of the rotation of the implant. Richter [28] reported that the transverse load and the centric window
frame develop the highest stresses on the crestal bone, and other studies likewise affirm that with
greater loads the implants support them in correspondence with the marginal bone crest. Jacobs and
Van Steenberghe [29], in a study in which they assessed the degree of occlusal perception of teeth
and implants using occlusal interference, concluded that the pre-contact perceivable by natural teeth
and implants, both in antagonism with natural teeth, is respectively 20 and 48 µm. In another study,
by measuring oral tactile sensitivity with thin steel sheets, Mericske-Stern et al. [30] found that the
minimum detectable pressure threshold was significantly higher in implants than in natural teeth
(3.2 vs. 2.6 sheets). Similar results were also obtained by Keller and colleagues [31], in whose study
the average perception threshold for implants was 100.6 g, while that of natural teeth was 11.5 g
(8.75 times lower).
Taylor believes that the loss of peri-implant crestal bone is the consequence of the plastic and
elastic deformations of the supra-implant mechanical components rather than of the direction of the
load. The same author, increasing the variables involved, maintains that the limiting factor is not
the percentage of osseointegration, but the configuration of the implant and its elements, especially
considering the long-term cyclical loads and, consequently, their distributions.
3.1. Gnatological Implications in Implant Rehabilitations
Four rules could be set that are the basis of implant and conventional rehabilitation (phenomena
that aggravate TMJ (Temporo Mandibular Joint) disorders):
•
•
•
•

steep incisive guide;
decrease in the vertical dimension of the posterior sectors;
steep eminence;
increase in muscle activity.

The prosthesis of partially edentulous adult patients who already wear prostheses needs a
preliminary diagnostic functional check to establish the condylar position and the vertical dimension.
In the implant prosthesis, the patient with TMJ problems benefits from stable support given precisely
by the implants, while a Kennedy class I rehabilitation with stable support can only improve the
condylar situation.
The condylar pathologies of prosthetic origin can be reduced by packaging a prosthesis with the
correct vertical position and condylar position, and also by reducing muscle tension and creating stable
contact in the posterior region the condyles are brought back to a physiological position. The jaw
behaves, during the work phase, as a third-degree lever. In the front or area of the guides, there is
a greater displacement with a reduction in the surface load, the fulcrum is the articulation, and the
resistance of the teeth means that the work of crushing the food bolus is carried out by the muscles,
the masseter, and the internal and temporal pterygoid. During work and loading in the molar region,
there can be a precontact that will be more harmful; it will be distal because the precontact will act
as a fulcrum, transforming a third-class lever into a second-class one. If the disharmony exceeds the
capacity of the adaptation of the disc, the condyle will come out of the usual seat, moving to the ventral
position and creating an unbalanced situation. A suitable prosthetic result is obtained only after a
functional investigation and a check of any pre-contacts. Muscle relaxation and the search for the
hinge axis in a physiological position is the purpose of the decompression plate.
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The functional investigation begins with the taking of the impressions to pack the decompression
plates; the necessary tools are an arbitrary transfer facial arch, a medium-value articulator, and the
upper and lower models.
The functional investigation involves the preparation of the diagnostic functional temporaries.
As a rule, in carrying out a rehabilitation the functional investigation, occlusion, vertical dimension,
condylar position, and balanced occlusal load are of little importance. These important factors are
usually not considered.
When waxing one or a few elements, it is good to reproduce the anatomy as faithfully as possible.
When waxing an extended reconstruction, it is useful and important to know the vertical dimension and
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Figure 3. Occlusal
Occlusal line and test on articulator.

The long-term diagnostic provisional is of enormous importance for the success of the final
prosthesis. A design with good level characteristics must therefore be carried out: an axiographic
investigation and a diagnostic wax-up on an individual articulator. In the search for the correct
vertical dimension, the dentist can use the provisional to increase the vertical dimension; this method
is based on the experience of the professional, who empirically determines the size. Alongside this,
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vertical dimension, the dentist can use the provisional to increase the vertical dimension; this method
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to prevent possible mechanical complications. Jemt et al. studies have shown that, in cases of total
edentulism ,there is a certain biological tolerance of the live bone for the maladjustments of the
prosthesis which determine the static forces and can be stimulating for the peri-implant bone, inducing
positive bone remodeling [25,26,34–41].
However, this finding is valid if these static forces deriving from the failure of passivation do
not combine with further defined dynamic stresses deriving from abnormal occlusal load. However,
there is evidence in the literature that the lack of good adaptation of the superstructure on the implants
leads to an increased risk of the unscrewing and/or fracturing of the mechanical components.
This risk, added to disproportionate or non-axial occlusal loads, probably underlies the failure
of the implants that support structures that are not adequately passivated. This hypothesis seems
compatible with the “mechanostatic” theory developed by Frost in 1983 [42,43], which states that the
bone reacts to the load according to the mechanical laws of induced deformation, and identifies five
load thresholds, all measured in microstrain (keep in mind that 1% of deformation corresponds to
10,000 microstrain):
1.
2.
3.
4.
5.

disuse atrophy threshold: between 0 and 200, the interval in which the bone undergoes a reduction
in its mass;
remodeling threshold: between 200 and 2500, a range in which the bone maintains its structure
and mass unaltered;
hypertrophy threshold: between 2500 and 4000, a condition in which the bone tissue reacts to the
load by increasing its mass and modifying its structure;
overload threshold: above 4000, the limit above which the bone tends to reabsorb due to the
formation of micro-cracks, which would induce bone repair and weakening phenomena;
acute breaking load: between 10,000 and 25,000, the threshold above which the bone fractures.

The need for the passivation phase arises mainly from the dimensional alteration of the adaptation
of the metal reinforcement to the systems linked to the realization of the working model. In fact,
the impression is the main means of communication of the clinical situation between the study and
the laboratory, with the aim of transmitting all the information necessary for the realization of the
prosthetic product in the most precise way possible. It represents the crucial verification of all the
preparatory work prior to the patient’s prosthetic rehabilitation, having to provide the correct reading
of the position of the implants to try to “absorb” all the other potential, non-controllable errors
in the construction process that could invalidate the “perfect” fit of metal superstructures on the
abutments. In implant prosthesis, these steps are of particular importance considering the fact that the
osseointegrated fixture has a high degree of rigidity and a low resilience, characteristics which, under
the purely prosthetic profile, unfortunately translate into a defect, requiring extremely precise artefacts
both in the components and anatomy to evenly distribute chewing loads and ensure minimal resilience.
Generally, to determine the position of the fixtures, false transfer abutments are used, which
must be screwed to the fixtures themselves, and can remain incorporated in the impression or be
subsequently repositioned in it, depending on whether the pick-up technique is used or the traditional
one. The first, although more laborious, is preferable due to the great precision that the individual
perforated spoon guarantees, from which the transfer fixing screws must protrude once the impression
tray is positioned in the patient’s oral cavity in order to be unscrewed and removed together with
the spoon. The second method, on the other hand, despite being quick to perform, can lead to errors
during the repositioning of the transfers in the impression. In both cases, however, it is necessary
to have materials with a good dimensional stability, limited thermal contraction, limited hardening
contraction, great rigidity, excellent elastic memory, and hydrophilicity, and that are capable of being
distributed on all metal components, capable of undergoing small mistreatments deriving from the
need to unscrew the impression transfers not yet removed, or capable of accepting them with precision
if the second method is used.
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The same expertise that is required of the dentist must also characterize the work of the dental
technician, who will have to pay the utmost attention to every single processing phase, from the
preparation of the plaster models to the waxing, coating, casting, and welding. Although these
processing procedures are carried out with extreme control, both by the operator and the industry,
there are, however, variables that, if considered individually, would be dimensionally irrelevant,
but added together make the clinical realities different from those of the laboratory. They generate
sometimes imperfect prosthetic products that are capable of producing tensions, which could be the
cause of innumerable implant prosthetic failure factors, including unscrewing the connection screws,
the fracture of the stumps or of the armature, bone resorption, peri-implantitis, or even the loss of the
system itself.
Ultimately, whatever the method used, what matters is the result—that is, a superstructure that is
as free of tension as possible. It is, therefore, fundamental to know the problem and face it from time to
time according to the operations that are most suitable for the clinician and technician.
This technology uses electronically controlled milling to obtain titanium mesostructures that are
as passive as possible with the one-piece subtraction technique. This technique, according to the
data published by the manufacturer, has proven to be valid, since it allows us to minimize the static
forces (considered potentially the most dangerous for the survival of rehabilitations on implants) both
between the prosthetic components and inside the bone tissue. The manufacturer himself guarantees a
marginal gap of around 20 µm on the vertical plane and around 30 µm on the horizontal plane.
In any case, resorting to solutions of this type becomes, therefore, practically indispensable,
because they allow us, with relative simplicity, to obtain metal mesostructures characterized by a
precise marginal closure and by the absence of static forces on the components.
It is clear that the success of each technique is mainly linked to its constant repeatability. Being able
to improve mesostructures and predict biomechanical forces through digital design could be a goal to
set in order to limit short, medium, and long-term rehabilitation failures. The clinical case has been
carried out as an example of a technique that allows us, with relative ease and less waste of time and
contained materials, to create a prosthetic device with standardized and controlled techniques that
determines a significant reduction in failures.
5. Conclusions
The main defect of this technique for the realization of a total or removable prosthesis on implants
is that of requiring an accurate preliminary analysis of the intermaxillary ratios and an extension of
the time of the realization of the prosthesis, especially if the assembly of the artificial teeth to the
correct vertical dimension entails, from part of the surgeon, additive surgery on the bone that requires
complete surgical healing; in exchange, you have the possibility of knowing with certainty, from
the beginning, what the finished result will be, in harmony with the absolute determinants of the
quality of a definitive total prosthesis. Knowing and predicting the discharge of mechanical forces
through prosthetic structures and implants can help the clinician in limiting the short and long-term
complications of this type of rehabilitation.
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