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Implant-supported overdentures are a useful treat-
ment modality for compromised completely eden-

tulous patients. They are an especially attractive treat-
ment option because of their relative simplicity,
minimal invasiveness, and affordability. Fewer im-
plants and a removable prosthesis offer a less expen-
sive option for an edentulous patient.1 Masticatory
load transmission in mandibular implant-supported
overdentures differs substantially from that in implant-
supported fixed restorations. In general, an implant 

appears to be loaded through axial forces. However,
depending on the location and number of implants in
the dental arch, as well as on chewing function, hor-
izontal forces and even moments can arise. As den-
ture saddles tend to function like a fulcrum, implants
may, depending on the attachments, receive consid-
erable bending moment transferred from the implant
into the bone.

An in vivo study interpreted a reduction in the
compression/tension forces transmitted through the
implant to the periimplant bone in implant-supported
overdentures compared to implant-supported fixed
restorations to be a consequence of the mucosal re-
silience in the distal edentulous ridges.2 Although the
masticatory loads in mandibular implant-supported
overdentures are smaller than those in either the nat-
ural dentition or implant-supported fixed restora-
tions,3–5 studies have demonstrated that implants re-
taining overdentures are subject to both axial and
transverse forces,4 the latter being smaller, but po-
tentially more harmful.6

Mandibular implant-supported overdentures are
generally retained by at least two implants, placed in
or slightly medial to the canine area,7 and commonly
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used forms of anchorage include ball attachments,8

clips on a bar connecting the implants,9 and magnetic
attachments.10 Despite the different designs of at-
tachments for overdentures, neither experimental nor
clinical data are available on the effects of different
attachments on denture movement under occlusal
loading. Using a cross-over experimental design, pa-
tients preferred attachments with superior stability.11

Therefore, overdenture stability can be seen as im-
portant for patient satisfaction.

The question to be answered is whether implants
need to be splinted together to better withstand the
loads associated with supporting an overdenture, or
whether freestanding implants alone can withstand
the loads. The decision of how to stabilize and retain
an implant overdenture is based on the personal pref-
erence of the clinician, without meaningful scientific
support for the treatment rationale. The authors hypoth-
esized that the use of a certain type of attachment for
implant-supported overdentures can minimize not only
stress on implants, but denture movement as well. This
in vitro study compared the load transfer characteris-
tics to the implant and the movement of implant-sup-
ported overdentures among three types of attachments.

Materials and Methods

Experimental Mandibular Model

An edentulous mandibular acrylic resin model
(Palapress, Heraeus Kulzer) was fabricated (Fig 1). ITI

implants (4.1 mm in diameter, 12.0 mm long; Strau-
mann) were placed bilaterally in the canine region ver-
tical to the residual ridge. They were set 22 mm apart,
similar to the distance between two natural canines.
The implants were retained using a resin cement
(Superbond CB, Sun Medical) to simulate osseointe-
gration. A 2-mm-thick layer was removed from the
denture-supporting surface of the resin model and
then replaced with polyvinyl siloxane impression ma-
terial (Exafine injection type, GC) to simulate resilient
edentulous ridge mucosa. An experimental acrylic
resin denture was fabricated on the model in the usual
manner. One denture was made and used for all ex-
periments.

Measuring Devices

Stress on the implant surface was measured using a
strain gauge technique, and it was assumed that stress
measured directly on the implant surface could be
representative of stress that is introduced to the bone.
Four strain gauges (KFR-05-120-C-11, Kyowa
Electronic Instruments) were attached to the mesiodis-
tal and buccolingual sides of each implant body to
measure the strain on the implant (Fig 2). The elec-
tric signals from the eight strain gauges were ampli-
fied and transmitted, and recorded by a personal
computer (Aptiva 2168-S65, IBM) following A/D con-
version (PCD-200A, Kyowa Electronic Instruments).

A movement sensor (3SPACE, Polhemus) that uses
electromagnetic fields to determine the position and
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Fig 1 Experimental model. x = medial and distal directions; y
= forward and backward directions; z = upward and downward
directions; e1 = frontal plane; e2 = horizontal plane; e3 = sagit-
tal plane.
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Fig 2 Measuring devices: Four strain gauges are attached
around each implant. A movement sensor is attached to the
molar region opposite the loading point. Channels 1 to 4 = load-
ing-side implant; channels 5 to 8 = nonloading-side implant.
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orientation of a remote object was put on the left first
molar region to measure the displacement and rota-
tion of the denture. The 3SPACE system measures a
single point that is a receiver’s three-dimensional po-
sition coordinates value (x, y, z) and the flexibility of
the Euler angle (pitch, yaw, roll) in real time by ap-
plication of magnetic conversion technology. This de-
vice consists of a system electronics unit, one re-
ceiver, a single transmitter, and a power supply. The
output of the movement sensor was input to a com-
puter (OptiPlex GX1, Dell), and a mathematic algo-
rithm computed the receiver’s position and orienta-
tion relative to the transmitter and recorded the result.

Attachments

Prefabricated ball, bar, and magnetic attachments were
used to attach the denture to the implants. The ball at-
tachment consisted of an anchor head (048.439,
Straumann) and a plastic female component (048.407,
Straumann) (Fig 3a). The magnetic attachment consisted
of a keeper as the magnet head (Platon) and a magnet
(Hicolex slim G780, Hitachi) that was embedded in the
denture. The keeper was prefabricated and had threads
identical to those of an abutment screw (Fig 3b). The
bar attachment consisted of an Octa abutment
(048.404, Straumann), an Octa gold cap (048.203,
Straumann), an occlusal screw (048.305, Straumann),
a new CM bar, and a 10-mm female component
(Cendres & Métaux). The denture was attached at the
female component, and no spacer was used (Fig 3c).

Experiment

An autograph (AGS-10kng, Shimadzu) applied loads
to the occlusal surface of the right first molar region.
This study used the one-point concentration load of
the molar part, considered where a denture will move
most, since it is almost impossible to reproduce chew-
ing pattern by in vitro experiments. A moderate level
of biting force on an implant-retained overdenture
was simulated. Loads from 0 to 50 N were applied
gradually and increased in 5-N steps. Three sessions,
one for each attachment, were performed at suitable
intervals. Five measurements at each load were made
under the same conditions, allowing at least 5 min-
utes for recovery.

Each sequence of strain data was used to calculate
the axial force and bending moment transmitted to
the implant, using original software. A 1/4 Wheatstone
bridge configuration was used to measure axial strains
on the implant abutments. Pairs of opposing gauges
were wired in a 1/2 Wheatstone bridge configuration
to double the sensitivity to bending in the buccolin-
gual and mesiodistal planes. Each experiment was re-
peated five times. The means and standard deviations
were calculated, and statistical comparison was made
using a one-way analysis of variance (ANOVA) and
Fisher’s calculation for post hoc comparisons (P <
.05).

Fig 3a Ball attachment. Fig 3c Bar attachment.Fig 3b Magnetic attachment.
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Results

Strain Around Implants

The ball attachment transmitted a small strain in
each channel at the beginning of the load (Fig 4). As
the load was increased, the strain increased linearly.
In addition, the strain at the loading-side implant
was greater than at the nonloading-side implant. The
maximum compressive strain occurred in channel 1,
the buccal site of the loading-side implant. The max-
imum tensile strain was observed in channel 3, the
lingual site of the loading-side implant.

With the magnetic attachment, the strains in the
eight channels differed at the initial load, unlike with
the ball attachment (Fig 5), but beyond 5 N, the
strain in each channel was constant. The maximum
compressive strain was found in channel 2, the dis-
tal site of the loading-side implant. The maximum
tensile strain was found in channel 6, the mesial site
of the nonloading-side implant.

With the bar attachment, the strains in the eight
channels differed at the beginning of the load, and

no clear trend in strain change with load increase was
found. Some of the channels changed from com-
pressive strain to tensile strain, and some changed
from tensile strain to compressive strain (Fig 6). The
maximum compressive strain was found in channel
4, the distal site of the loading-side implant. The
maximum tensile strain was detected in channel 6,
the mesial site of the nonloading-side implant.

The axial force was calculated from the strain data
at 50 N. In all attachments, the axial force was greater
in the loading-side implant than in the nonloading-side
implant. In the loading-side implant, the ball attach-
ment resulted in a low axial force and there was no dif-
ference between the magnetic and bar attachments.
About 3%, 6%, and 7% of the load was transmitted to
the implant through the ball, magnet, and bar attach-
ments, respectively. The bar attachments resulted in a
significantly greater axial force on both the loading- and
nonloading-side implants than the ball or magnetic at-
tachments (P < .05). The bending moment was calcu-
lated from the strain at 50 N. At the loading-side im-
plant, the magnetic attachments produced the smallest
bending moment and there was no difference between
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Fig 4 (right) Strains in the implants during load application for
the ball attachment.

Fig 5 (below) Strains in the implants during load application for
the magnetic attachment.

Fig 6 (below right) Strains in the implants during load appli-
cation for the bar attachment.
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the ball and bar attachments. At the nonloading-side im-
plant, the bar attachment produced greater (2.5 N)
bending moment than the other two types (< 0.5 Ncm).

Denture Movement

In the mediolateral direction (x), the denture dis-
placement with the magnetic attachment was most
significant (P < .05), and the difference between the
ball and bar attachments was not significant (Fig 7).
In the backward-forward direction (y), the ball at-
tachment had significantly less displacement than
the other attachments (P < .05). In the upward-down-
ward direction (z), the difference between the ball and
bar attachments was not significant. The magnetic at-
tachment had a significantly greater displacement
than the ball attachment (P < .05).

For rotation in the frontal plane (e1), there was no
signficant difference among the three attachments (Fig
8). For rotation in the horizontal (e2) and sagittal (e3)
planes, there were significant differences among the
three attachments (P < .05). Furthermore, the amount
of rotation in the sagittal plane was the greatest of all

three planes for every attachment. The bar attachment
resulted in significantly greater rotation in the horizon-
tal and sagittal planes than the ball attachment (P < .05).

Discussion

When a photoelastic model was subjected to a pos-
terior vertical load, ball/O-ring attachments trans-
ferred less stress to the implant than bar/clip attach-
ments.12 When ball and bar attachments were
compared using 3-D finite element analysis methods,
the periimplant bone stress was greater with the
bar/clip attachments.13 These studies focused only on
minimizing the stress on the implant and periimplant
tissue. The minimum stress can be obtained if there
is no retentive mechanism or support from the im-
plant. However, implants are necessary to stabilize
the denture. Therefore, in an implant-supported over-
denture, two conditions are necessary: One is to
minimize the stress on the implants, and the other is
to minimize the movement of the denture.

We found that with ball and magnetic attachments,
the strain was concentrated on the loading-side implant.
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The stress on the loading-side implant was small when
the load was slight because of the secondary splinting
that occurs with ball attachments. The bar attachment
produced higher stress on the nonloading-side implant
compared with the ball and magnet attachments be-
cause of the primary splinting effect, even at low pres-
sure. Our result is consistent with a previous report.14

The axial force on the loading-side implant was mini-
mal with the ball attachment. This may be a result of
the stress-absorbing effect of the plastic female com-
ponent. Under our experimental conditions, when a
ball attachment was used, the force was not transmit-
ted to the implant body. The force may be absorbed at
the plastic female component and anchor head con-
nection and also by denture deformation. Therefore, in
the long term, prosthodontic complications such as
screw loosening or the need to replace O-ring matri-
ces may occur.15 When magnetic attachments were
used, the axial force exceeded the bending moment be-
cause of the low point of action, although the total force
to the implant was small. As for the bending moment,
at the loading-side implant, the difference between
the ball and bar attachments was not significant, but at
the nonloading-side implant, the bar attachment pro-
duced a significantly greater bending moment.

In in vivo force measurements with single ball an-
chors, maximum forces measured in centric occlusion
and on the ipsilateral implant when using a bite plate
were slightly increased in the vertical and backward-
forward dimensions (z- and y-axes) compared to the
lateromedial direction (x-axis). On the contralateral
implant, equally low values were found in all three di-
mensions.16 On the contrary, we found that a con-
nection between two implants burdened the non-
loading-side implant from the viewpoint of bending
moment. Of the three attachments, the ball attachment
resulted in the least denture displacement and rotation;
this is thought to be a result of the plastic female com-
ponent and deformation of the denture. Our experi-
mental conditions, such as the position and direction
of the applied force, and the movement sensor posi-
tion, may have contributed to this result.

It was reported that there is a high correlation be-
tween patient satisfaction and denture stability.11 From
this perspective, we conclude that a mandibular im-
plant-supported overdenture with magnetic attach-
ments would not significantly improve patient satis-
faction. Stress distribution is a function of implant
length, geometry, and diameter, so different stress
patterns might be found if implants of different length,
width, and shape are used, even with the same model.

It is obvious that implants cannot be stress free in
cases like this experimental model. Since implant fail-
ure can result from excessive load on the implant, the
practical goal for clinicians is to avoid excessive stress

on implants. In other words, our goal can be expressed
as minimizing stress on the implants, although we do
not know how much stress could be harmful. Until sci-
entific studies provide insight into the biologic effects
of interfacial stress transfer, one goal of the clinician
should be to provide the most favorable delivery of
forces to the implant through prosthesis design. Thus,
ball/O-ring attachments might provide an adequate at-
tachment system with respect to reducing the stress on
the implant bodies and promoting denture stability.

Conclusions

This simulation study measured and compared the
load transfer characteristics on implants and the
movement of implant-supported overdentures among
three types of attachments.

1. The bar attachment induced the greatest axial
force and bending moment on both the loading-
and nonloading-side implants, but the denture
was relatively stable.

2. The magnetic attachment induced the least bend-
ing moment, but resulted in the greatest denture
movement.

3. The ball attachment induced a concentrated axial
force and bending moment onto the loading-side
implant, but the magnitude was the smallest and
the movement of the denture was similar to that
with the bar attachment.

4. Ball/O-ring attachments may provide an adequate
attachment system with respect to reducing the
stress on the implant bodies and promoting den-
ture stability.
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Literature Abstract

Dietary intake in edentulous subjects with good and poor quality complete
dentures.

This interesting study investigated the relationship between masticatory performance, per-
ceived ability to chew, diet quality, and complete denture quality. Fifty-four complete denture
wearers were recruited. Data were obtained from clinical examinations involving masticatory
function measurements using various types of food. Dietary data were obtained by trained in-
terviewers who collected two separate 24-hour dietary recalls from each individual. These data
were converted into a Healthy Eating Index (HEI). The denture quality of the subjects was di-
vided into good, medium, and poor based on a rating scale. Outcome variables included HEI,
masticatory performance, and reported chewing ability. Data were analyzed with Kruskal-
Wallis tests, Mann-Whitney U tests, and Fisher’s exact tests, with significance at the .01 level.
Masticatory performance and perceived chewing ability were unrelated to dietary quality. The
medium- and poor-quality denture groups had significantly lower masticatory performance
than the good-quality denture group. However, there were no significant differences among the
three groups in median HEI scores or dietary intake. Denture quality, food chewing function,
and perceived chewing ability were not related to diet quality. It is interesting to note that most
of the subjects had poor diets in spite of the quality of their dentures. Based on the result of
this study, technically perfect dentures are not of prime significance to diet quality. It is tempt-
ing to conclude that the pursuit of technically perfect dentures is unimportant. However, the
choice of dietary intake could be a socioeconomic rather than prosthodontic issue.
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