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Abstract: The arrangement of a stress breaker in the pier abutment of a fixed-mobile bridge affects
the deformations that may occur in its supports. This article aims to study the most appropriate
position and arrangement of a stress breaker. To verify the established objectives, an experimental
“in vitro” study was carried out with five different bridge designs: one with rigid connectors and four
with non-rigid connectors (interlocks), placed on the distal and mesial surface of the intermediate
abutment, and combining the retention stop at cervical and occlusal positions. The strain level at
the support ground of each bridge was measured with strain gauges. The statistical analysis was
performed with the help of the Kruskal–Wallis test and a linear regression model. Initial results show
that the model with the highest average value of maximum strain is the non-rigid bridge with the
interlock on the distal surface of the pier abutment and the occlusal retention stop. In any case, the
presence of an intermediate abutment, with or without interlock, influences the maximum tension
supported by the abutment, especially in relation to the intermediate abutment.

Keywords: dentistry; prosthodontics; stress breaker; pier abutment; extensometry

1. Introduction

Tooth-supported fixed prosthetic restorations, such as crowns or bridges, are the
treatment of choice for the replacement of one or more missing teeth. In the case of
bridges, these are preferably built with rigid connectors between the retainers and the
pontics, because they provide the prosthesis with the desired solidity and stiffness. At
the same time, they minimize the restoration’s overloading [1]. However, a completely
rigid fixed restoration is not always suitable for restoring single-tooth gaps separated by an
intermediate tooth [2], as in the case of a five-unit bridge with pier abutment.

The reasons why such a bridge is not the ideal treatment are diverse. First of all,
because of the curvature of the dental arch, the teeth of the different segments move in
different directions. The linguo-labial mobility of an anterior tooth forms a substantial
angle with the linguo-buccal mobility of a posterior tooth. These movements, of measurable
magnitudes and divergent directions, can create overstrain, which in a long bridge will be
transmitted to the terminal abutments, with the intermediate abutment acting as a fulcrum
of the lever arm. The transmission of these forces will cause the weaker retainer to fail,
causing it to loosen and so lead to marginal leaks and tooth decay, which are usually of
a considerable size before they can be discovered. Secondly, the retention offered by an
anterior tooth, due to its smaller size, is lower than the one provided by a posterior tooth,
so the resistance to forces is remarkably different [1].

A possible way to solve the above-mentioned problems produced by a rigid five-unit
bridge with pier abutment is using a non-rigid connector or attachment, also called a stress
breaker, which in general is a male/female system that interrupts the transmission of load
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excess. Although this system may be the solution, there have been no conclusive studies in
the consulted literature that really justify the placement or otherwise of stress breakers, nor
in what position they should be placed.

Among the stress breakers, we can find the interlock which has a mechanical connec-
tion between the retainer and the pontic that is mounted in replacement of the usual rigid
welding. This consists of a male or patrix part, which slides into a female or matrix part.
The axial path is limited by a stop or rest that is usually located in the cervical region of the
female part, but which may be located in the occlusal region of the male. In fixed prosthetic
restorations, the non-rigid connectors that can be used are the intracoronal friction grip
slide attachments, adjustable or non-adjustable (Figures 1 and 2), which from now on we
will refer to as interlocks.
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In the former, the male part is split to allow the activation of the friction responsible
for the system retention, and depending on the greater or lesser separation that is provided
to the activatable blades, the greater or lesser the retention will be. In the latter, since they
do not have activatable blades, the frictional force cannot be increased. Nonetheless, the
length of the attachment contributes to the distribution of the contact force over a larger
surface, thereby enhancing grip.

There is a wide variety of non-rigid connectors. These connectors come in different
sizes, both in height and in width or in depth; therefore, before preparing the abutment
teeth, the length of these should be measured in a vertical and bucco-lingual direction, in
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order to choose the one that in height and width best suits the type of abutment we have.
The most frequently used forms for interlocks are those of a solid cylinder or a T-shaped
rail, which is welded to the pontic and a hollow cylinder or a T-rail housing located in the
abutment retainer.

Non-rigid connectors can be made in advance by the manufacturer to be welded
or placed in the metal structure or be made with castable patterns to be placed in the
dental laboratory. The prefabricated ones are elaborated with precious metals, where the
adaptation of the two work elements (male and female) is very intimate and therefore
more exact in their construction than those manufactured in the laboratory. Prefabricated
precision connectors are presented in different alloys for welding or casting directly on
them. The alloys with which they are manufactured are based on gold, platinum, and
iridium and allow a good union with conventional precious alloys and with the precious
ones used in metal–ceramic structures.

The main application of the non-rigid connectors has been described in bridges of
five units with pier abutment, to prevent the said abutment from acting as a fulcrum in
a first-generation lever system in the bucco-lingual or occluso-cervical direction [1], thus
preventing mechanical or retention failures [3]. There are other frequent applications in
clinical practice, such as bridges located in a combination of curved and straight paths, or
bridges in which the abutments have different retention values, whether to join, separate,
or break sections of bridges in order to overcome the existing difficulties due to the lack of
parallelism between abutments, among others.

However, they are not exempt from contraindications, such as long pontic situations,
because a long pontic would produce a magnification of the movement, which would
in turn be harmful to the extreme abutment. If the abutments show a mobility of some
importance [1], a rigid design may be clinically preferable when the abutment teeth have a
periodontal decrease, because stress could then be shared more evenly among all the teeth.
Finally, when there is no even distribution of forces in any part of the bridge, the male
part of the connector and the posterior units, subject to minimal or zero forces, may suffer
a tendency to egression [1]; for example, when the posterior abutment or the pontics, or
both, have no antagonists or occlude with a removable partial prosthesis, and if the three
previous units occlude with natural teeth.

When referring to a fixed prosthetic restoration of five units with a pier abutment, the
possible location of a non-rigid connector is not unanimous. Shillingburg [1] and Fisher [4]
showed that the non-rigid connector must be placed in the intermediate abutment because
if it is placed in a terminal abutment, it would allow the pontic to exert a large lever arm
with the pier abutment as a fulcrum (Figure 3).

On the other hand, the female of the non-rigid connector is placed on the distal surface
of the intermediate abutment within the normal contour, and the male is placed on the
mesial surface of the pontics that replaces the absent distal tooth. The reason for placing
them like this is because the longitudinal axes of the posterior teeth have a slight inclination
towards mesial, and the occlusal forces applied vertically cause an additional movement in
that same direction, and when placed in this way, this movement towards mesial tends to
interlock the male solidly in the female. On the other hand, if the female is placed on the
mesial surface of the intermediate abutment and the male on the distal surface of the mesial
pontics, the male part tends to be expelled during the aforementioned mesial movements.

On the contrary, Landry et al. [5] suggest that stress could break or loosen any terminal
retainer but not the intermediate abutment, so that the loads centered on the intermediate
abutment are partly supported by the terminal abutments, in such a way that an interlock is
not necessary, or at least not in the pier abutment. However, Molding [3] recommended the
use of two non-rigid connectors, one on the distal surface of the intermediate abutment and
a second, if desired, on the distal surface of the anterior abutment. In another, subsequent
research study, but without an intermediate abutment, the same authors propose [6] an
alternative to the usual orientation of the non-rigid connector, which consists of placing the
male on the distal surface of the anterior abutment and the female in the mesial position
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of the pontics. In addition to this change, these authors placed the non-rigid connector’s
retention stop towards the occlusal region (Figure 4).

Figure 3. Interlock on the pier abutment, preventing it from functioning as a fulcrum. Modified from
Shillinburg [1].
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Figure 4. Interlock with reverse orientation. Female in mesial of the pontic, male in distal of the
abutment, and retention stop in occlusal (Modified from Shillinburg [1]).

By using this inverted orientation, they obtained various advantages. First, by placing
the male on the distal surface of the abutment, it can be prepared with a smaller reduction
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to hold the non-rigid retainer, while retaining more tooth. This preservation of dental
structure ensures retention, improves the strength of the buttress, and minimizes pulp
irritation. Secondly, the non-rigid connector, being completely inside the pontics, allows the
overcontouring abutment to be controlled, thus avoiding periodontal problems. Thirdly,
the problem with the parallelism of the non-rigid connector for a mesially inclined posterior
abutment is solved with this change in orientation, as the male is placed as a small overhang
on the distal face of the mesial abutment, while the female is in a more distal position of
the pontic.

This inverted orientation allows for more flexibility in the positioning of the connector.
And finally, it improves the aesthetics, since the only visual evidence of the connector is the
interface between the metallic guide planes of the two segments. However, in spite of the
above-mentioned advantages, this change in orientation also results in some disadvantages,
such as the fact that the female is far from the longitudinal axis of the abutment, which
may cause a distal torque of the abutment. With pontics that contact the mucosa, the space
between the male and the female is an area for the retention of bacterial plaque, which
can lead to tissue irritation. The latter problem is solved using pontics that do not contact
the mucosa, which is not always possible, especially in anterior areas, where aesthetics
prevails, and thus, it is necessary to provide the pontic a natural appearance.

Therefore, there are three possibilities with which a fixed prosthetic restoration with
pier abutment can be performed and are as follows: with rigid connectors, with non-rigid
connectors with the usual orientation placed on the distal surface of the mesial abutment,
on the mesial or distal surface of the intermediate abutment or on the mesial surface of the
distal abutment, and with non-rigid connector with an inverted orientation.

The non-rigid connector retention, which is usually located in the cervical region of
the female part, is an element whose function is to limit the axial travel of the male when it
is sliding along the female. In the research carried out by Molding et al. [6], the retention
stop was placed in the occlusal region, and the main advantage of which was aesthetic
since the only visual evidence of the connector is the interface between the metallic guide
planes of the two segments. However, the opening to the gingival surface of the female
creates a retention area of bacterial plaque, which can lead to tissue irritation. Nevertheless,
in our review of the existing literature, we did not find enough data to justify the placement
of the non-rigid connector retention stop in the cervical or occlusal region.

Therefore, the information obtained in our bibliographic review does not reveal or
make clear whether the non-rigid design of the fixed partial prosthesis is really favorable
or not compared to a rigid design, nor is the most favorable location of the interlock
mentioned, nor the situation of its retention stops. The non-rigid interlocks or interlock
connectors, in addition to they being used in the construction of fixed prostheses, as we
have mentioned above, can also be used in the design of mixed prostheses, overdentures
on natural teeth or implants, or in mixed tooth- and implant-supported bridges.

A mixed prosthesis is the combination of a fixed prosthesis and a removable partial
prosthesis, whose assembly between them is performed by means of an attachment, pre-
cision attachment or non-rigid connector, which is an exact male and female adjustment
mechanism, where one portion joins the abutment tooth and another the metal skeleton
of the removable partial denture. In general, there is a wide variety of attachments on the
market, and new models and designs continue to emerge every day, aiming to improve
mechanical performance, together with providing greater ease of use.

However, nowadays, an alternative to the use of tooth-supported fixed prosthetic
restorations for the replacement of missing teeth is increasingly the indication of a fixed
implant-supported prosthesis. Although, in most cases, the rehabilitation of an edentulous
space is carried out by means of a fixed implant-supported prosthesis with no connection to
natural teeth, there is also the possibility of prosthetically joining two structures as different
as teeth and implants, with a bridge with and without interlock.

When this is performed, it must be taken into account that a natural tooth is sur-
rounded by the periodontal ligament, which provides it resilience to occlusal forces, so that
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it can compensate for occlusal stress through small movements, and in turn has proprio-
ceptors which play an essential role in the regulation of movements and chewing forces
that provides a certain degree of protection to the remaining tooth structure [7,8].

The implant, on the other hand, lacks a periodontal ligament and, consequently, the
occlusal forces transmitted to the implant and to the peri-implant bone are traction forces,
compression forces, and shear forces. Furthermore, because they have no proprioceptive
capacity, they cannot be compensated for [7–9].

In this situation, tooth-implant splinting, given the different nature of the structure of
the abutments, is not without its risks, so several solutions have been proposed: either a
rigid connection, consisting of tooth-implant splinting without establishing any element
that breaks the forces generated in the prosthesis; or a semi-rigid connection, which consists
of tooth-implant splinting with an interlock, attachment or interlock system in order to
individualize the sectors of the prosthesis; or even other solutions such as telescope studs
and others that are irrelevant to this investigation.

Although this type of restoration, whatever the connection system, has its advantages
and disadvantages [10,11], it is no less true that there is little scientific evidence regarding
its result in the medium or long term. There are few studies on this type of prosthesis,
and there is still a lot of controversy about what type of connection should be made to
minimize or cancel the risks of intrusion of the abutment tooth, its overload, and balancing
movement with the overload of the prosthetic structure.

In summary, given that there is still little existing literature and scientific evidence, it
would seem that the best option is the use of the conventional implant-supported prosthesis
whenever possible, having as an alternative the tooth-implant-supported prosthesis in
those cases where its use is not viable.

The arrangement of a stress breaker in the pier abutment of a fixed-mobile bridge
affects the deformations that occur in the supports. This article aims to study the most
appropriate position and arrangement of the stress breaker.

2. Materials and Methods

In order to verify the established objectives, an experimental “in vitro” study was
carried out.

2.1. Specimen

The work model consists of a right hemimandible with 3 teeth on which the different
bridges to be tested will be placed. The hemimandible is made with Vishay PL-2 resin
(Micro-Measurements division of Vishay Group Precision, Raleigh, NC, USA) with me-
chanical properties similar to those of the bone [3]: elastic modulus of 0.21 GPa and Poisson
coefficient of 0.42.

The dental pieces were made with a chrome-cobalt alloy (Heraenium PW, Heraeus
Group, Hanau, Germany) in the position of the canine, the second premolar, and the second
molar. In the placement of the teeth, the space that the first premolar and the first molar
would occupy was respected since they are the missing pieces (Figure 5). The crowns were
carved with the margin located at supragingival level and of step type. This preparation is
recommended for metal–porcelain crowns in both the anterior and posterior sectors.

2.2. Statistical Analysis

Kruskal–Wallis [12] test and linear regression were employed for data analysis in
the present research. The Kruskal–Wallis test is a non-parametric method employed in
statistical analysis to determine whether there are significant differences among multiple
independent groups. Linear regression is a fundamental statistical technique used to model
the relationship between a dependent variable and one or more independent variables [13].
In essence, it seeks to understand and quantify the linear relationship between variables.
All statistical analyses were performed with the statistical software R version 4.2.1 [14].
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2.3. Extensometry

To determine the stress/strain phenomena that may occur in the support ground of
a bridge with or without a rigid connector under the action of occlusal loads, one of the
techniques that can be used is extensometry. As discussed in Section 5, one of its main
advantages is that it is a non-destructive technique, so we can use the same sample at
different stages, eliminating the variability between the different specimens.

This technique has already been used by various authors [15–18] in the field of den-
tistry. However, for the study of rigid and non-rigid connectors in fixed prostheses, the
most widely used methods have been finite elements [19–21] and photoelasticity [3,5,22],
since they make it possible to visualize the distribution of stress inside the model. In
any case, none of these three procedures can faithfully represent the complex behavior
of organic tissues, and therefore, the results obtained must be treated with caution when
making therapeutic decisions.

The measurement of quantities such as torque, load, or pressure by means of strain
gauge is based on the modification experienced by the value of the electrical resistance
of the gauge when it is deformed as a result of the applied forces. The procedure is as
follows: a strain gauge is adhered to the material under study before applying the loads to
be measured. Concurrently, with the material under investigation, the gauge undergoes
deformation, and this deformation, or strain, alters the gauge electrical resistance. This
alteration is then quantified utilizing a Wheatstone bridge, which measures the change in
voltage, specifically, the imbalance across the bridge. Ultimately, this variation in voltage,
in conjunction with the gauge factor, can be converted into strain.

With this method, the effect of stress on an external force can be analyzed on a structure
based on the principle of the change in electrical resistance or physical properties, providing
accurate results under a wide variety of test conditions. It is a non-destructive and repetitive
analysis with different loads. However, it provides information point-by-point, without a
general context, which makes it difficult to understand in complex models under a dynamic
effect. It is also difficult to determine if a mistake has been made at any point in the trial.

Although extensometry is a valid method for quantifying deformations, it is no less
true that, in dentistry, it is not a frequent procedure in research designs. On the contrary,
the most commonly used methods for determining the distribution and concentration of
stress have been the finite element analysis method [23] and the photoelasticity technique.
The latter is a physical resource that provides paths and images which demonstrate the me-
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chanical behavior of the object piece. It consists of an optical method, with the application
of the properties of polarized light, based on the accidental birefringence of transparent
isotropic bodies and certain resins. Birefringence is the ability of a transparent material,
when subjected to the action of an external force, to separate the polarized light that falls on
it into two rays, perpendicular to each other. Of the two rays, each one is out of phase with
respect to the other, creating patterns or stripes visible through a polaroscope. With this
system, the field of influence of an external force can be determined repetitively without
permanent deformation. The transparency of photoelastic materials, such as flexible epoxy-
sulfide and polysulfide resins, allows for the stress concentration in the internal part of the
model to be observed directly. These measurements are qualitative and barely quantitative,
and the performance of the force is analyzed in a static and non-dynamic way.

2.4. Construction of the Bridges and Placement of the Interlocks

For this study, five different bridge designs were made (Figure 6) and are as follows:

1. Bridge with rigid connectors between the retainers and the pontics (RIGID).
2. Bridge with a non-rigid connector placed on the distal surface of the intermediate

abutment and a cervical retention stop (PIDPITC).
3. Bridge with a non-rigid connector placed on the distal surface of the intermediate

abutment and an occlusal stop (PIDPITO).
4. Bridge with a non-rigid connector placed on the mesial surface of the intermediate

abutment and a cervical stop (PIMPITC).
5. Bridge with a non-rigid connector placed on the mesial surface of the pier abutment

and an occlusal stop (PIMPITO).
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All non-rigid connectors used have non-adjustable slide attachments, in the form of a
solid “Glissier”-type cylinder (Figure 7). All the bridges were constructed by the classic
procedure of lost wax casting in a non-noble alloy of cobalt chromium, without nickel or
beryllium and with balanced properties for high-quality ceramic metal restorations. The
proportions in weight of the alloy are 55.2% Co, 24% Cr, 15% W, 4% Fe, 1% Si, and 0.8% Mn.
This is a commercial alloy equivalent to F90 grade.
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In total, 12 bridges of each of the five designs were manufactured, representing a total
of 60 bridges (Figure 8).
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2.5. Application of Load and Strain Gauge Measurements

To evaluate the strain and stresses produced on the ground of the support, model
EA-06-015RC-12 rosette-type strain gauges (Micro-Measurements division of Vishay Group
Precision, Raleigh, NC, USA) were used. This type of gauge consists of a set of three gauges
oriented at 0º, 45º, and 90º (Figure 9) to be able to accurately estimate the main tensions and
deformations. A total of three rosettes were used, one per abutment tooth (canine, second
premolar, and second molar), attached to the hemi-jaw, as shown in Figure 9. In this way,
we can evaluate the deformation in the ground of the support of each of them.

Finally, the micro-deformations in each of the directions of the gauge were measured
with data acquisition equipment of the Vishay brand model P3 (Micro-Measurements
division of Vishay Group Precision, Raleigh, NC, USA). This model has four input channels,
which allowed us to record the deformations of a complete gauge for each test. The principal
strains derived from recorded measurements are computed from the following expression:

ϵmax,min =
1
2
(ϵ0◦ + ϵ90◦)±

1
√2

[
(ϵ0◦ − ϵ45◦)

2 + (ϵ45◦ − ϵ90◦)
2
]
, (1)
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The values of the forces applied to the oral cavity can vary depending on various
factors: age, sex, the direction of application of the force, the strength of the closing muscles,
the region of the oral cavity and facial morphology, among other factors.
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The load used to evaluate the deformations suffered by the support ground with the
different bridge designs was 100 N because according to various studies [24,25], this is the
average force exerted during the masticatory cycle. The point of application of the forces
was the central area of the occlusal surface in each of the 5 dental units that make up the
bridge with an axial direction, following the same direction as the major axis of the tooth
(Figure 10).

Figure 10. Point of application of the forces following major axis of the tooth.
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The load was applied by means of an electromechanical machine with central actuator
model EM1/5/FR/5CM (Microtest S. A., Madrid, Spain), see Figure 11. The device has
a load cell of 5 kN to measure the force exerted in each test. The loading process, in each
of the positions, consisted of a preload at a speed of 1 N/s up to a value of 1.5 N, and a
loading process at a speed of 20 N/s until reaching 100 N.
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To prevent the work model from moving when applying the load, a metal part was
designed to fix the prosthesis to the base of the actuator (Figure 12).
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Altogether, five loading points (canine, mesial pontics, intermediate abutment, distal,
and molar pontics) and five types of prostheses (one rigid and four with interlock in occlusal
mesial, cervical mesial, occlusal distal and cervical distal) were used. This provides us with
a total of 25 configurations or type tests. In each of the tests, the measurement in the field
of the support of each of the three abutments was performed, which provides us a total of
75 measurements or records for each complete round of tests.

Finally, for a good statistical sample, each test was repeated 12 times, so we obtained
900 measurements or records, 300 in each support. Such number of repetitions allows the
detection of small effect size differences [26], when the Kruskal–Wallis test is performed
making use of either a variable of 3 levels (f = 0.1154) or 5 levels (f = 0.1036).

3. Results

Table 1 shows the average principal strain and standard deviation values by bridge
model. Results obtained by means of the Kruskal–Wallis test [12] and applied to these data
allow us to infer that there are statistically significant differences in the value of the strain
among groups with a statistic value of H = 132.30 and four degrees of freedom ( d f ) = 4,
which means a p-value lower than 0.01 that allows us to reject the null hypothesis with
non-statistical significant differences and with an error lower than 1%. The model with the
highest average value of maximum principal strain was PIDPITO, followed by PIMPITC.
This can be seen in Figure 13, where a boxplot of strains by bridge models is presented.

Table 1. Principal strains obtained by bridge model in µε.

Model N Mean sd Min. Median Max.

PIDPITC 180 103.26 59.45 0.39 108.13 274.78
PIDPITO 180 126.25 60.25 4.74 127.64 286.94
PIMPITC 180 107.60 57.65 1.85 118.80 225.96
PIMPITO 180 91.59 38.68 14.13 90.88 171.51

RIGID 180 59.47 47.50 0.68 65.60 175.44

All 900 97.77 57.59 0.39 100.17 286.94
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When models are compared taking into account the point where the force is applied
(Table 2), statistically significant differences are found using the Kruskal–Wallis test, with
a statistic of H = 41080 and four degrees of freedom, meaning that the probability of an
error in the detection of statistically significant differences would be lower than 1%. The
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highest values are found for the canine, followed by the pier abutment. These results are
graphically presented in Figure 14.

Table 2. Principal strains obtained considering the force application point in µε.

Application N Mean sd Min. Median Max.

Canine tooth 180 116.42 51.62 0.16 113.84 253.1
Molar 180 87.51 66.82 0.34 86.86 284.3

Pier abutment 180 105.92 59.38 0.47 99.97 289.8
Distal pontic 180 94.48 62.18 0.03 97.28 268.4
Mesial pontic 180 84.57 39.28 1.12 82.38 185.9

All 900 97.77 57.59 0.34 95.30 289.8
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When the position of the strain gauges in the different models is considered (Table 3),
it is found that there are also statistically significant differences among them with a statistic
value of H = 189.4, two degrees of freedom, and an error lower than 1% in the differences
detected. Maximum values are obtained at the pier abutment. Please see the graphical
results presented in the boxplot of Figure 15.

Table 3. Principal strains obtained considering strain gauges position in µε.

Position N Mean sd Min. Median Max.

Canine tooth 300 77.46 52.03 0.27 72.87 223.90
Molar 300 84.07 59.49 0.12 89.05 287.70

Pier abutment 300 131.74 45.09 1.78 132.88 265.10

All 900 97.77 57.79 0.12 101.86 287.70

Finally, a linear regression model of the strain was calculated using as independent
variables all those considered in the study (kind of bridge, point where the force is applied,
and strain gauge considered; see Table 4). As reference categories, those with the lowest
strain values in the univariate analysis were taken into account. These are as follows:
for the type of bridge, rigid; for the point of force application, mesial pontic; and for the
strain gauge, the canine position. The results obtained show how almost all the categories
in all the variables are significant, except for the molar in point of force application and
molar again for strain gauge. This model has a R2 value of 36.46% with an adjusted R2 of
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35.74%. The model can be interpreted as that the higher the coefficient value, the higher
the expected strain. This means that the highest strain values will be obtained for a bridge
of type PIDPITO, when the force is applied at the canine tooth, and the value is recorded
by the strain gauge located at the pier abutment.
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Table 4. Linear regression model of strain considering the variables’ bridge type, force application,
and strain gauge.

Term Coef SE Coef T-Value p-Value VIF

Constant 25.72 5.12 5.02 0.000
Bridge type

PIDPITC 43.83 4.87 9.00 0.000 1.60
PIDPITO 66.83 4.87 13.72 0.000 1.60
PIMPITC 47.85 4.87 9.83 0.000 1.60
PIMPITO 32.33 4.93 6.56 0.000 1.59

Force application
canine tooth 32.23 4.88 6.60 0.000 1.60

molar 3.40 4.88 0.70 0.486 1.60
pier abutment 21.72 4.88 4.45 0.000 1.60
distal pontic 10.28 4.88 2.10 0.036 1.60
Strain gauge

molar 6.51 3.78 1.72 0.086 1.33
pier abutment 54.17 3.78 14.32 0.000 1.33

4. Discussion

The results show that after the application of an axial force of 100 N in isolation,
the greatest strain is recorded in the gauge placed in the intermediate abutment (second
premolar) and with values much higher than those recorded in the canine or in the second
molar. This result is regardless of the point of application of the force and the design of the
bridge. Regarding the latter, the mechanical effects, in terms of strain, are more noticeable
in interlock bridges than in rigid ones, notwithstanding the place of registration. This
fact is more evident when it comes to the gauge located on the pier abutment. Therefore,
in rigid and non-rigid bridge designs, the greatest strain is recorded in the intermediate
abutment, and this strain is higher in the interlocked bridges than in the rigid design. In
the case of non-rigid designs, the bridge that has the interlock on the distal surface of the
pier abutment and the occlusal retention stop is where the greatest strain is recorded. On
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the other hand, the bridge that has the interlock on the mesial surface of the intermediate
abutment and the stop in occlusal shows the least strain.

If we relate the reading place of the strain and the type of bridge, we observe that, of the
three situations, the design of the rigid bridge is the one that suffers the least deformation.
Conversely, if we only consider the strain reading point for the four interlock bridge designs,
we observe that the greatest strain is recorded in the gauge placed in the intermediate
abutment, with values higher than those recorded in the molar gauge and in the canine.

The same occurs with bridges with a rigid design and in a more remarkable way, in
that strain recorded in the intermediate abutment is much higher than that registered in the
canine. This suggests that the presence of an intermediate abutment in a fixed prosthetic
restoration, with or without interlock, influences the maximum tension supported by the
abutments, especially in relation to the intermediate abutment. On the contrary, Laundry [5]
suggests that stress could break or detach any terminal retainer but not the intermediate
abutment, so that the loads centered on the intermediate abutment are partly supported by
the terminal abutments. In this case, a stress breaker would not be necessary, or at least not
in the pier abutment.

The reason why the intermediate abutment supports the greatest deformation is that
since it is a five-unit bridge, it is always the abutment that is isolated, with edentulous
spaces on both sides with a tendency to act as a fulcrum. In addition, it should be taken
into account that this type of bridge is a restoration that combines curved and straight
sections and that it is the area where considerable overexertion is generated, due to the
great length of the sections through which movements, magnitudes, and directions are
transmitted regardless of mobility other than 108 abutments. Shillinburg and Fisher [4] and
Shillinburg et al. [1] define the use of an interlock on the distal surface of the intermediate
abutment and the cervical retention stop when making a five-unit bridge with intermediate
abutment because they maintain that with its use, and they resolve the differences between
the magnitudes and the divergent directions of the movement, the fulcrum function of
this and the difference of retention between the terminal abutments. In their opinion, this
avoids or prevents the failure of the weakest retainer, usually the canine. The position of
the interlock is also defended by Akulwar [27], who affirms that the use of a non-rigid
connector increases the life of the restoration while minimizing stress on the abutments.
This makes physiological movement of the teeth possible, unlike rigid connectors, and they
maintain that an adequate selection of the stress breaker is important in the treatment plan
of the intermediate abutment.

On the other hand, Gill’s old article [28] argues that the non-rigid connector must be
placed on one or both proximal surfaces of the pier abutment to avoid fulcrum. Adams [29],
for the same purpose, advised the use of a non-rigid connector on the distal surface of
the intermediate abutment and a second, if desired, on the distal surface of the anterior
abutment. In the study of the analysis of the effects of stress of non-rigid connectors in
fixed prosthesis with pier abutment, Oruc et al. [21] believe that in this type of prosthetic
restorations, high stress concentrations occur around said intermediate abutment, with
a displacement in the terminal abutments damaging the abutment teeth. Therefore, they
argue that non-rigid connectors can be used to eliminate the fulcrum effect of the inter-
mediate abutment. They also indicate that the ideal placement of the non-rigid connector
is on the distal surface of the intermediate abutment, making no reference to the location
of the stop. On the contrary, Ziada et al. [30] consider that this design of a bridge with
an intermediate abutment should be avoided, given the increased risk of decreasing the
retainer of said abutment.

On the other hand, Misch [31] analyzes the tooth–implant junction in clinical situations
with the presence of an intermediate abutment. They define that this intermediate abutment
can be a natural tooth or an implant, and each type plays a different role in the overall
treatment. When an implant serves as an intermediate abutment between two natural
teeth, the difference in movement between the implant and the tooth can lead to more
complications than the attachment of a tooth to two implants. The intermediate implant
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shows less movement than a terminal abutment and acts as a fulcrum of a class I lever. This
problem is amplified by a longer lever arm when there is a pontic between the implant
and the tooth. When the implant acts as a fulcrum, a common consequence is that an
abutment is loosened (usually the least mobile or the least retentive crown), and tooth
decay appears. Therefore, this type of prosthesis should be avoided, especially with the
use of rigid connectors. If another therapeutic option is not possible, a non-rigid connector
can be used, where its ideal position would be between the implant and the less retentive
crown, to prevent the implant from acting as a fulcrum.

They also argue that in conventional fixed prostheses, the male part of the interlock is
placed on the mesial surface of the pontic and the female part on the distal surface of the
pier abutment, thus preventing the mesial movement from detaching the retainer. However,
the implant does not experience an inclination towards mesial and the location of the stress
breaker is more flexible.

On the contrary, if a natural tooth serves as an intermediate abutment between two
implants, these authors state that the situation is completely different. When two or more
implants support only the prosthesis load, the natural tooth becomes a vital pontic, so the
use of non-rigid connectors is not appropriate here; a completely rigid prosthetic design
would be preferable.

However, the tendency of the pier abutment to act as a fulcrum is not a general
criterion. Standlee and Caputo [32] conclude that there is no evidence that the intermediate
abutment acts as a fulcrum. Indeed, their study showed that when a non-rigid connector
was incorporated into the bridge, the stress increased on the abutments where the force
was applied, while the stress on the abutments on the opposite side of the force application
decreased. In our study, it can be observed that a greater strain occurs when it is registered
in the gauge placed in the same tooth on which the force is applied (when the gauge and
point of application of the force coincide) or in the adjacent teeth. It is also observed that
the deformation reduces as the point of application of the force of the reading gauge is
moved away.

For the construction of the hemimandible, the Vishay PL-2 resin was used. This
resin has mechanical properties similar to those of bone. This material has already been
successfully used by other authors [3,33] in photoelasticity studies. As for the construction
of the abutment teeth, a metallic replica of the teeth was chosen to avoid fractures that
occur in models with natural teeth. In the present study, the presence of the periodontal
ligament was not simulated. However, the attempts of some authors [3,5] to model the
behavior of the ligament show a great disparity, so we preferred not to introduce additional
material into the support construction.

Another point of controversy is the manufacturing material of dental bridges and
whether or not to coat them with ceramic materials. In this investigation, a non-noble
chromium–cobalt alloy without nickel or beryllium was used. Other authors have used
type III gold [5,19], chrome-nickel [21], silver–palladium [3], and other non-noble alloys [20].
Therefore, it is appreciated that there is no unanimity when it comes to choosing a specific
type of alloy. In relation to the structure of the bridge, the shape and size of the connectors
are important factors, as has been pointed out by various authors [19,20,34,35].

Additionally, as it has been previously demonstrated with other prosthodontic or
restorative materials, some variables can have a significant influence on the long-term
mechanical behavior of dental frameworks. Therefore, future reports evaluating the effects
of wear [36] and acidic environment [37] should also be assessed for stress breaker bridges
with pier abutment.

In relation to the application of the forces, to evaluate the deformations in the medium
ground of the support, a value of 100 N was used in this study. This load is the average
force exerted during chewing, according to various authors [24,25].

To quantify the deformation produced in the support ground, extensometric analysis
was performed by the use of strain gauges. One of its main advantages is that it is a
non-destructive technique. In this way, we can use the same sample at different stages,
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eliminating the variability factor between the different specimens. This technique has
already been used by various authors [15–18] in the field of dentistry. However, for the
study of rigid and non-rigid connectors in fixed prostheses, the most widely used methods
have been finite elements [19–21] and photoelasticity [3,5,22,33], since they make it possible
to visualize the distribution of stress inside the model.

Finally, due to the inherent limitations of the study, the results obtained must be
approached with prudence when making therapeutic decisions. Firstly, the models are
constructed with plastic and metallic materials that cannot precisely replicate organic tissues
complex behavior. Furthermore, the tests have been conducted under static conditions,
but the force of chewing is cyclical; therefore, phenomena such as fatigue may be relevant.
Lastly, all statistical methods have specific limitations. In regression models, overfitting
can be an issue depending on the characteristics of the samples being worked with and,
therefore, may generate errors when applied to future independent samples [38].

5. Conclusions

According to the obtained results, and within the limitations of this method, the key
conclusions that can be drawn are as follows:

• Five bridge designs, one with rigid connectors and four with non-rigid connectors,
of a five-unit prosthetic restoration bridge were analyzed by means of extensome-
try. A total of 60 bridges, 12 of each type, were manufactured and tested, and thus
900 measurements were recorded.

• Mechanical effects, in terms of strain, are more noticeable in interlock bridges than in
rigid ones, regardless of the place of registration.

• In the case of non-rigid designs, the bridge with the interlock on the distal surface
of the pier abutment and the occlusal retention stop (PIDPITO) is where the highest
average value of maximum strain is recorded. Conversely, the bridge model with
interlock in the mesial surface and the stop by occlusal (PIMPITO) is the one that
shows the least deformation.

• The presence of an intermediate abutment in a fixed prosthetic restoration, with
or without interlock, influences the maximum tension supported by the abutment,
especially in relation to the intermediate abutment. This result is independent of the
point of application of the load unusually long or complex.
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