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Effects of overdenture attachment systems with
different working principles on stress transmission:
A three-dimensional finite element study

Nurullah Turker*, Ulviye Sebnem Buyukkaplan
Department of Prosthodontics, Faculty of Dentistry, Akdeniz University, Antalya, Turkey

PURPOSE. The aim of the present study was to compare the stress distributions on the dental implants,
abutments, and bone caused by different overdenture attachment types under functional chewing forces.
MATERIALS AND METHODS. The 3D finite element models of the mandible, dental implants, attachment types,
and prostheses were prepared. In accordance with a conventional dental implant supported overdenture design,
the dental implants were positioned at the bone level in the canine teeth region bilaterally. A total of eight
models using eight different attachment systems were used in this study. All the models were loaded to simulate
chewing forces generated during the centric relationship (450 N), lateral movement (400 N), protrusive
movement (400 N), and also in the presence of a food mass unilaterally (200 N). Stress outputs were obtained as
the maximum principal stress and the equivalent von-Mises stress. RESULTS. In all attachment types, higher stress
values were observed in the abutments, dental implants, and bone in the magnet attachments in different loading

conditions. The highest stress values were observed among the magnet systems in the components of the
Titanmagnetics model in all loading conditions (stresses were 15.4, 17.7, and 33.1 MPa on abutment, dental
implant, and bone, respectively). The lowest stress value was observed in the models of Zest and O-Ring
attachments. CONCLUSION. The results of the present study implied that attachment types permitting rotation
and tolerating various angles created lower stresses on the bone, dental implants, and abutments. [J Adv

Prosthodont 2020;12:351-60]
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INTRODUCTION

The contribution of dental implant-retained overdentures
to the quality of life in the elderly has been proven in the
dental literature.! It has also been proved in the studies that
two dental implants are enough to support a mandibular
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overdenture.” Overdenture patients are generally of older
ages’ and consequently most elderly patients have some sys-
temic diseases that comprise the management of the dental
implant treatment.* Advanced age and the systemic prob-
lems of overdenture patients necessitate that desirable den-
tal implant management should have a minimal intervention
for the surgical and prosthetic maintenance of the overden-
ture after the delivery of the final prosthesis. This means
that the stresses should be minimally transferred to dental
implants via the overdenture and its housings to ensure less
implant maintenance interventions. Thus, the main goals of
the selection among the different attachment types for over-
dentures are to provide insight into the biological effects of
interfacial stress transfer and the most favorable delivery of
forces to the dental implant.>®

In contemporary dentistry, there are various attachment
systems that allow the removable denture to attach to the
dental implants.” Attachment systems can be classified
according to whether the implants ate splinted or not.* In
case dental implants are splinted, the connection between
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the prosthesis and dental implant is provided with bar struc-
tures. If the dental implants are not splinted, each dental
implant is individually attached to the prosthetic structure.
This connection is provided with Locator, ERA, ball, O-ring
and various magnet systems. These attachment types can also
be classified according to working principles. The attach-
ment types on which the plastic patrix sits on the abutment
(Locator) do not allow the pattix to perform rotational and
rolling movements on the abutment. Attachment types that
have ball-headed abutment (ball, O-ring) allow the patrix to
perform these movements to varying degrees. However,
there are also new attachment types that are of the Locator
type and allow for these movements (Zest Anchors LLC,
Escondido, CA, USA). Magnet attachment systems work by
the principle of magnetization between parts. The selection
of attachment type is affected by the dental implant loca-
tion, degree of retention, the morphology of the edentu-
lous jaw, and the patient’s motor dextetity.” The most pre-
ferred overdenture attachment type is the Locator and ball
because of its ease of application, lesser technical require-
ments, and lower cost compared to the bar or magnet sys-
tems. There is still an effort to offer better attachment sys-
tems in dental implantology.

The prognosis of dental implants greatly depends on
the stress and load distribution of occlusal loads transferred
via the attachment systems to the dental implants; in the
dental literature, there are numerous studies that have evalu-
ated the stress and occlusal load distribution on the dental
implants and supporting tissues transferred via the attach-
ments.”"” Daas e/ al.'' investigated the rigid and resilient
attachment configurations, and they concluded that “resil-
ient attachments allowed for an increase of the mastication
load transiting through denture bearing surface”. Due to
various deficiencies in existing attachments and certain
commercial concerns, new dental systems are being intro-
duced to the dental market day by day. Today, there are
many overdenture attachment systems in the dental field,
which are advantageous in various aspects. The aim of the
present study was to compare the stress values on the
implant, abutment, and bone caused by different overden-
ture attachment types with 3D finite element analysis. The
null hypothesis was that attachment types working with dif-
ferent principles do not cause different amounts of stress
on bone tissue and dental implant parts.

MATERIALS AND METHODS

The mandible model was modeled as a single layer through
the Autodesk Meshmixer (Autodesk Inc., San Rafael, CA,
USA) software taking an anatomy book as a reference and
in the light of the data on the dimensions of the mandible
in the literature.'*® This model did not have cortical and
trabecular bone layers. The model obtained to create these
structures was transferred to the Space Claim (ANSYS Inc.,
Canonsburg, PA, USA) software. At this stage, gingival tis-
sue with a thickness of 1 mm, cortical bone with a thickness
of 2 mm, and trabecular bone structure with thicknesses
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varying by area were modeled with “shell” and “subtract”
procedures. To model the prosthetic structure, a mandibular
and maxillary dental prosthesis containing twenty-eight
tecth was prepared by a dental technician to have the basic
characteristics of a bilateral balanced occlusion. Only the
mandibular prosthesis was scanned with a three-dimension-
al scanning device (D250; 3Shape, Copenhagen, Denmark)
and a 3D image of the prosthesis was obtained in an STL
format. The obtained image was transferred to Space Claim
software and positioned on the mandible model, which had
gingival, cortical bone, and trabecular bone layers. This
model consisting of bone tissue and a prosthetic structure
was transferred to the Autodesk Meshmixer software. Formal
compatibility was ensured between the mandible and the
intaglio surface of the prosthesis. The prosthetic structure
was finalized at this stage.

The design of the dental implant and attachment parts
was performed in the Design Modeler module of the Ansys
software (ANSYS Inc., Canonsburg, PA, USA). A root-
shaped dental implant, which was available in the market,
had a length of 10 mm and was 4 mm in diameter; this was
used as a reference in the design of the dental implants
(OsseoSpeedtx 4.0 S, Astra Tech, Lausanne, Switzerland).
The dental implant was modeled considering the three times
bigger implant demo and the size data in the introductory
catalog. The neck part of this dental implant was rearranged
in a way to ensure the adaptation of eight different attach-
ment types to be tested in the study (Fig. 1). In the final
form of the design, the dental implant structure was of the
internal non-hex type. Ball (BioHorizons IPH Inc.,
Birmingham, AL, USA), Locator (BioHorizons IPH Inc.,
Birmingham, AL, USA), ERA (Sterngold Dental LLC,
Attleboro, MA, USA), O-Ring (BioHorizons IPH Inc.,
Birmingham, AL, USA), Zest (Zest Anchors LLC, Escondido,
CA, USA) Dentium Magnet (Dentium Inc., Seoul, Korea),
Dyna Magnet (Dyna Dental Engineering, Golden, CO,
USA), and Titanmagnetics (Steco-system-technik, GmbH &
Co., Hamburg, Germany) attachments were designed. The
product catalogs of the companies were used in the design
of all the parts belonging to the attachments tested in the
study. However, the details that are not included in the cata-
logs and that are required for the design were obtained by
contacting the manufacturer. The sections of the designed
attachments obtained in the Space Claim software are
shown in Figure 1. Since two as left and right side of bone
will be used for each model, by using the copying method,
16 dental implants were created and the number of each
attachment system parts was doubled by copy method.

Dental implant and bone structures were transferred to
the ANSYS Design Modeler module in order to combine all
the designs. The dental implants were positioned at the
bone level in the canine teeth area at a distance of 17 mm
from the midline. Bone, dental implant, and prosthetic
structure compatibility were provided with the subtract pro-
cedure. The obtained model was the standard for all of the
eight different models to be created for the attachments.
Eight separate copies were obtained from this model to be
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used separately for each attachment. The pre-designed eight
different attachments were assembled for these models, and
the adaptation to the structure was enabled through the
“subtract” procedure (Fig. 1, Fig. 2).

Material properties were defined for all the models with
reference to the previous studies (Table 1)."*'® All the parts
were accepted as homogeneous and isotropic. The contact
between the bone and the dental implant was defined as
“bonded” to represent 100% osseointegration.”” The coeffi-
cient of friction was defined as 0.4 on the areas where the
sliding would occur, defining the contact relationship
between the attachment parts.”’ These areas were between
attachment - plastic patrix parts of Ball, ERA, Locator,
Zest, and O-ring attachment types. 3 N of magnetic force
was applied to each magnet attachment to represent a 300 g
attachment, taking into account the properties of the
attachment specified in the product catalogs. The coefficient
of friction between the intaglio surface of the prosthesis
and mucosa was set as 0.334.%! The contact between all the
other parts was defined as “bonded”.

In the present study, detailed designs were made for a
more realistic simulation (such as dental implant and abut-
ment grooves). In order not to turn the difficulties caused
by this detailing into a disadvantage, manual mesh refine-
ment was performed on the parts and surfaces where the

stress outputs were taken. With this method, through the
selective distribution of elements and dimensions, the
refinement was carried out in the special regions of interest
(abutments, dental implants, and bone tissue around the
dental implant) in the analysis. Stress outputs were taken
and models were examined. Repeated mesh refinement was
performed in regions with a high probability of occurrence
of singularity (Fig. 2). Table 2 shows the average element
numbers for ecach of the parts used in finite element models.

All models were fixed rigidly to prevent displacement in

Fig. 2. The mandible model used in the present study. (A)
Ready-to-analyze model including implants, implant
superstructures and prosthesis. (B) Cross-section view of
the meshed model.
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Fig. 1. Attachment models and cross-sectional images modeled in the present study. (A) Ball attachment, (B) ERA attach-
ment, (C) Locator attachment, (D) Zest attachment, (E) O-Ring attachment, (F) Dentium Magnet, (G) Dyna Magnet, (H)

Titanmagnetics.
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Table 1. The material properties of each part of the FEA models

Component Material Elastic modulus (GPa) Poisson ratio References
Cortical bone - 13.70 0.30 17,18
Trabecular bone - 1.37 0.30 13
Gingiva - 0.0028 0.40 15
Base and teeth Acrylic 8.30 0.28 17
Implant Titanium 115.00 0.35 18
Abutment (matrix) and metallic cap attachment Titanium grade 4 114.00 0.30 14
Insert plastic patrix attachment Nylon rubber 0.005 0.45 16

Table 2. Average number of elements and nodes of model
parts

Model part Elements Nodes
Cortical bone 775.229 1.014.072
Trabecular bone 260.036 311.844
Gingiva 112.008 137.061
Base and teeth 252.130 341.157
implants 2.654.968 3.013.814
Abutment 1.047.282 1.220.490
Metallic cap 8.893 15.926
Insert plastic patrics 4.265 7.467

X, y, and z axes. The fixation was carried out from the
attachment areas of lateral pterygoid, temporalis, medial
pterygoid, and masseter muscles to the mandible and from
where the condyle head touches the discus articularis."

In the present study, the centric relationship, protrusive
movement, and lateral movement loads were simulated in
bilateral balanced occlusion. A previous study was taken as a
reference for the application.”” In this context, the forces
were applied from the tubercle contact points perpendicu-
latly to the sutface it was defined.”? In addition, the load
formed during unilateral chewing of food mass had been
applied in accordance with previous studies.*'* Load values
and manner of the application wete as follows:

Full mouth bite load: A total of 450 N was applied verti-
cally to the related surfaces and from the tubercle contact
points formed at maximum intercuspation in the bilateral
balanced occlusion.?

Protrusive movement load: A total of 400 N was applied
vertically to the related surfaces and from the tubercle con-
tact points formed in the protrusive movement in the bilat-
eral balanced occlusion.?

Lateral movement load: A total of 400 N was applied
vertically to the related surfaces and from the tubercle con-
tact points formed in the lateral movement in the bilateral
balanced occlusion. The left side was the rotating side.”

Unilateral bite load: A load of 200 N was applied verti-
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cally from the central fossa of the left 1st molar tooth using
the half-round object (This object was designed in three
dimensions and touches not a single point of the 1st molar
tooth, but all the tubercle slopes. It represents a hard piece
of food)."'®

Analyses were performed according to these boundary
conditions. The results were obtained by analyzing thirty-
two different models with the presence of eight different
attachment types and four different load conditions. Stress
outputs were obtained as the maximum principal stress
(o .) from the cortical bone tissue and the maximum
Equivalent von-Mises stress from dental implants and abut-
ments. In the models where the forces are symmetrically
applied and therefore the stress distribution is symmetrically
distributed, findings were obtained from one side. In mod-
els showing asymmetric stress distribution, maximum stress-
es were obtained on both sides separately. The lower and
upper limits in the color bar were standardized in order to
make comparisons between the models in obtaining the
images containing the findings. The findings were recorded
as tables showing the stress values and figures showing the
stress distributions. The figures showing the stress distribu-
tion were created by providing color distribution standard-
ization among the models.

RESULTS

Full mouth bite load: In the first load, representing the full
mouth bite, higher stresses were observed in the abutment,
dental implant, and bone in the magnet attachments. The high-
est stresses were observed in the model with a Titanmagnetics
attachment (For abutment, dental implant, and bone, 9.9,
17.7, and 19.4 MPa, respectively). Among the non-magnet
attachment systems, stresses were higher in the models with
ERA and Locator attachments compared to others (For
abutment, dental implant, and bone: 1.9, 12.7, and 5.27 MPa
for ERA, 1.84, 11.3, and 3.5 MPa for Locator attachments,
respectively; Fig. 3).

Protrusive movement load: The highest stress values in
the protrusive movement occurred in the model with a
Titanmagnetics attachment (for abutment, dental implant,
and bone: 9.9, 16.8, and 13.1 MPa, respectively). This was
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followed by the models with ERA and Locator attachments,
respectively (for ERA attachment: 10, 12.5, and 11.3 MPa,
for Locator attachment: 8.1, 10.8, and 8.1 MPa, respective-

Full Mouth Bite

ly). The lowest stress value was observed in the models with
Zest and O-Ring attachments (Fig. 4 and Fig, 5).

Lateral movement load: as with previous loads, the high-
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Fig. 5. Stress patterns on abutments in the
protrusive movement. (A) Ball attachment,
(B) ERA attachment, (C) Locator attachment,
(D) Zest attachment, (E) O-Ring attachment,
(F) Dentium Magnet, (G) Dyna Magnet, (H)
E F G H Titanmagnetics. Stress values are in MPa.
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est stress values were observed in Titanmagnetics attach-
ments (for abutment, dental implant, and bone, 7.2, 17.5,
and 33.1, respectively). Fewer stresses occurred on the non-
rotating side on all attachment types in the lateral movement
(Fig. 6 and Fig. 7). In ERA and Locator attachments, on the
bone tissue, stresses were more than doubled on the non-
rotating side than the rotating side (for ERA and Locator
attachments, non-rotating side stresses on the bone were
30.4 MPa and 28.2 MPa, respectively). Considering the oth-
er load conditions, higher stresses were observed in the
bone tissue compared to the abutments and dental implants
in this load condition. High stress changes were significant
when comparing the stresses transmitted to the bone
between the attachment types and between the rotating and

non-rotating sides (Fig. 6 and Fig, 7).

Unilateral bite load: the highest stress values were
observed in the model with the Titanmagnetics attachment
(on the attachment, dental implant, and bone; 15.4, 13.5,
and 16.1 MPa, respectively). Similarly to the other load con-
ditions, magnet attachments were followed by ERA and
Locator attachments in terms of high-stress levels. The
most favorable stress distribution was observed in Zest
attachment (for abutment, dental implant, and bone; 2.2,
5.1, and 2.1 MPa on rotating side, 0.5, 3.1, and 0.8 MPa on
the non-rotating side). In contrast to the lateral movement
load, higher stress values were observed on the rotating side

of all attachment types (Fig. 8 and Fig. 9).
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Fig. 7. Stress patterns on cortical bone in the lateral movement. (A) Ball attachment model, (B) ERA attachment model,
(C) Locator attachment model, (D) Zest attachment model, (E) O-Ring attachment model, (F) Dentium Magnet model,
(G) Dyna Magnet model, (H) Titanmagnetics model. Stress values are in MPa.
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Fig. 9. Stress patterns on implants in the unilateral bite. (A) Ball attachment implants, (B) ERA attachment implants, (C)
Locator attachment implants, (D) Zest attachment implants, (E) O-Ring attachment implants, (F) Dentium Magnet
implants, (G) Dyna Magnet implants, (H) Titanmagnetics implants. Stress values are in MPa.

DISCUSSION

According to the result of the present study, attachment
types working with different principles caused different
amounts of stress on bone tissue and dental implant parts.
The null hypothesis was rejected.

FEA has frequently been preferred in the medical field
in recent years since it can be applied to complex structures
containing irregular geometry and the structure to be exam-
ined can be highly imitated by standardizing various charac-
teristics in the comparison of different situations.” In the
FEA method, dental implant, superstructures, localizations
and the amounts of the stresses occurring in the bone can

be easily examined. Due to these advantages, the FEA
method was preferred in the present study. In the FEA
method, obtaining realistic results is in parallel with the cor-
rect imitation of the models.”” In the similar studies previ-
ously conducted, the process of load application was mostly
performed without simulating the entire prosthesis struc-
ture, directly on the attachment, or by applying a force from
a single point in the cases where the entire prosthetic struc-
ture was designed.“** In the present study, the mandible,
dental implants, attachment types, and prosthesis were
designed in detail and forces were applied in a way to repre-
sent the different conditions of the bilateral balanced occlu-
sion, a recommended type of occlusion in full prostheses.
357
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In all the load conditions, the forces were applied from the
tubercle contact points in accordance with the slope of the
relevant surface. Therefore, in the present study, the intra-
oral function was simulated in a more realistic way com-
pared to the previous studies.

It has been reported in the literature that magnet attach-
ments increase prosthesis retention and provide a high level
of patient satisfaction."™” However, the effects of magnet
attachments on stress transmission have not been investigat-
ed sufficiently. In the present study, it was observed that in
all the load conditions, the stresses occurring in the attach-
ment structure, dental implant, and bones were higher in
the models with magnet attachments. In a study performed
by Takahashi e a/., ball, Locator, and magnet attachments
were used and the stresses in the dental implants were mea-
sured by Strain Gauge method.” The results of the study
showed that lower stresses occurred in magnet type attach-
ments. It has been reported that FEA method and Strain
Gauge method present different but complementary find-
ings.***” Howevet, the methodology of the study petformed
by Takashi ez a/. is insufficient in terms of the magnitude
and distribution of the loads applied.” In the present study,
data were obtained from the abutment, dental implant, and
bone tissue, while Takashi ¢ a/. provided data only from
dental implants. Amer e a/*® compared ball and magnet
attachments in dental implant-retained obturators and
reported higher stresses in magnet attachments in a way to
support findings of the present study.

Another factor in the formation of higher stresses in
magnet attachments may be the properties of the parts it
contains. While there are plastic connecting parts in all oth-
er attachment types examined in the present study, there is
no such structure in magnet attachments. The force-break-
ing properties of plastic parts may play an effective role in
the formation of lower stresses.

Findings from a review study by Kim e# a/* showed that
morte dental implant loss was observed in treatments with
magnet-type attachments. However, in the study, magnet
attachments were not classified by type. Among all the
attachments in the present study, the highest stress was
observed in the models with Titanmagnetics attachments in
all the cases. When the structure of the Titanmagnetics
attachment is examined, it is seen that the magnet with two
opposite poles is intertwined and the walls of the female
part are so high that they do not allow rotation. This is
probably the cause of high stress. Since in this case the load
from the prosthesis may be transferred less to the tissue and
more to the attachment parts.

Overdentures retained by two dental implants are more
unstable than prostheses with more dental implants and
retainers are exposed to multiple directional stresses, there-
fore, this situation should be considered in the design of the
attachment type to reduce stresses to the bone and dental
implant. It has been stated previously that the attachment
types having spherical parts are more advantageous in this
regard. ™ In the present study, observed lower stresses in
ball attachment and O-Ring attachment containing spherical
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type parts support this finding. El-Anwar e# a/* stated that
Locator attachments cause less stress than ball attachments.
Unsal ef al'’ reported that better biomechanical results were
obtained in models with ball attachments. However, in both
studies, the loading conditions were not suitable and the
applied forces were far from imitation of the oral environ-
ment. In this study, no significant difference was observed in
the stresses occurring in abutment, dental implant, and bone
tissue in Locator and ball attachment types.

The lowest stress values were observed in the models
with Zest and O-Ring type attachments. The stress values
of these two types of attachments were similarly low when
the attachment structure, dental implant, and bone tissue
were examined in all the load conditions. In terms of the
design, there is a similarity between the Zest attachment and
the Locator attachment. In the Zest attachment, rotation is
possible in various positions that the prosthesis will take
with the space provided between the housing and the plastic
rubber. Zest attachment with this feature has been reported
to provide better clinical results than Ball attachment.?
O-Ring attachment is more similar to the Ball attachment
system. However, it has a circular plastic rubber in its struc-
ture and thus allows more active movement; loads are trans-
ferred less to the attachment and more to the tissue.

In the present study, in lateral movement and unilateral
bite, the amounts of stress on the abutment, dental implant,
and bone tissue were very different from each other on the
right and left sides. This is clearly observed in the visuals of
the stress distributions occurring in bone tissue in lateral
movement. This observation suggests that single point
application of the load may not provide accurate data when
comparing attachment types.'*** At different angles of load,
the behavior of an attachment in stress transmission may be
different.'™ Therefore, in the comparison of different
attachment types, occlusal forces should be applied in a way
to realistically simulate chewing.

The chewing loads on the two-implant overdenture
prostheses are transmitted to the bone tissue through the
dental implants and the soft tissues where the prosthetic
base sits. Although much higher loads are applied, the rea-
son for the formation of lower stresses on the parts exam-
ined, in general, is that most of these loads ate transferred
to the supporting tissues through the base of the prosthesis.
The stress-bearing limit of cortical bone and titanium dental
implants has been reported as 170 - 190 MPa* and 1119
MPa,” respectively. When the stresses transmitted to the
dental implant and bone were evaluated, it was scen that
these values were much lower than the resistance limit of
the dental implant or bone. The current knowledge in the
literature also supports this.'**® It has been reported in the
literature that the rate of the situations such as dental
implant neck fractures, attachment screw fractures, or exces-
sive bone resorption is low in the two dental implant-
retained overdenture prostheses.”” The stresses transmitted
to the attachment structure were evaluated by various
authors in terms of the quicker deformation of the attach-
ments."** Less stress transmission to tissues may be impor-
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tant for patient satisfaction and chewing effectiveness. For
this reason, although there are many types of attachments,
new attachment systems continue to be developed.” The
attachment parts of the systems examined in the present
study can be easily replaced and renewed in the case that
they are worn. In the selection of the attachment, the con-
dition of the case can be taken into consideration by focus-
ing on the issue that the support should be taken from the
dental implant or the bone around it or the crest structure
supporting the prosthesis.

The FEA method allows the standardization of many
factors to change only those conditions that are to be inves-
tigated.” Howevet, as a limitation in the present study, in
the FEA method, realistic simulation of some factors such
as bone tissue, dental implant-bone connection, saliva, tem-
perature changes, and natural material aging is not possible.
Further clinical studies are needed to investigate the effects
of attachment types on stress transmission. 1f the findings
of the FEA studies are interpreted considering the findings
of the clinical studies, more accurate results can be
obtained. In the present study, various types of attachments
in two dental implant-supported overdenture prostheses
were compared in terms of stress transmission. In these
types of prostheses, one of the important complaints of
the patients is an insufficient attachment.” An important
alternative to these attachment systems is an attachment sys-
tem containing bars. Findings obtained in a current system-
atic review study show that there is no significant difference
between bar, ball, and O-Ring attachment types in terms of
retention, mastication, maximum occlusal force, and bone
loss.*” In the future, with the attachment types evaluated in
this study, long-term clinical studies that include bar attach-
ment systems should be conducted.

In the literature, the production techniques of single den-
tal implant-retained mandibular overdenture have also been
reported. These treatments are generally preferred in cases
where the cost of two dental implant treatments cannot be
covered by patients. Studies show that single dental implant-
retained mandibular overdentures may be among the alter-
native treatment options, especially when there is complete
denture in the opposite arch.* In the future, studies on
comparing single and two dental implant-overdenture pros-
theses in terms of stress transmission, as well as investigat-
ing which attachment type is better in single dental implant-
retained mandibular overdenture will provide an important
contribution to the literature.

CONCLUSION

According to the results of the present study, the following
conclusions can be drawn. Attachment types permitting
rotation and tolerating various angles created lower stresses
on the bone, dental implants, and abutments. Zest and
O-Ring type attachments, which allow more rotation, creat-
ed lower stresses on attachment parts, dental implants, and
bone.
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