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ABSTRACT

Objectives: This in-vitro strain gauge study was conducted to compare between magnetic and
CM lock attachments regarding strain induced around two implants supporting a mandibular over
denture.

Methodology: This study was performed using two implants 3.7mm x 12mm installed at the
canine area bilaterally in an acrylic model resembling a completely edentulous mandible. Pick
up of the magnetic and CM loc attachments was done followed by loading and measurements
respectively. The strain induced around the implants was evaluated during unilateral and bilateral
loading at the first molar area using a universal testing machine. Measurements were tabulated and
statistically analyzed.

Results: loading sides demonstrated significantly higher microstrains around the implants with
the two attachments than non-loading sides. CM LOC attachment showed significantly higher
microstrains than magnetic attachment for both loading and non-loading sides during unilateral
loading. During bilateral loading, a statistically significant higher mean micro strain was recorded
in the right implant than the left implant, CM 10C have shown a higher statistically significant mean
micro strain than the magnetic attachment for the right implant and no siginificant difference in the

left implant.

Conclusions: Within the limitation of this in-vitro study, it could be conclude that the attachment
type could have an effect on the amount of load that will be transmitted to the implants supporting
an over denture. Clinical studies are required to evaluate the effect of type of attachment on peri
implant crestal alveolar bone loss and correlate it with the results of the current study.

KEY WORDS: In-vitro, Strain gauge analysis, magnetic attachment, CM lock attachment
Over denture.
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INTRODUCTION

For several decades now; dental clinicians
has been drawn to implant over dentures to be
the standard of care for restoring patients with
completely edentulous arches. Thisis attributed to the
minimal invasiveness, simplicity, cost effectiveness
in addition to patient satisfaction and better load
distribution and masticatory performance.!”

The attachment type used to retain an implant
overdenture has long been considered as an essential
factor for implant success in terms of stresses
transmitted to the implant during function. Previous
studies showed that stresses in the bone surrounding
the implants were influenced by the type of
attachments used. Animal experiments and clinical
research studies have shown that inappropriate
loading causes excessive stress in the bone around
the implant that may result in bone resorption and
implant failure®'

The connection between the implants and
the denture is achieved through the use of
attachments. There are several attachments in
the market nowadays with a variety of designs
that make them applicable in different situations.
These attachments include bars, rigid and resilient
telescopes, magnets and stud attachments.'"'?> The
design of the attachment should provide favorable
stress distribution around the supporting implants
to allow loading of the peri implant bone within
its physiological limits, as overloading can be
detrimental to the osseointegrated implants '

The use of a magnet retained overdenture offered
a simple reconstructive approach for complete
denture retention. ' The main advantage of retaining
an overdenture with magnets is the dissipation of
the horizontal loads acting on the implants during
function as well as its self-allocating mechanism
which is very useful in elderly and Parkinson’s
edentulous patients. """ On the other hand, magnetic
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attachment has some drawbacks that the companies
are working on to solve nowadays, including; the
lack of long term durability due to their inevitable
corrosion. Besides, patients with magnetic retained
overdentures usually complains from a clicking
noise during eating as the denture base shifts away
from its foundation and then became reseated. 2>

A newly introduced attachment made from a
high-performance polymer polyetherketoneketone
(PEKK)whichisamemberofthepolyaryletherketones
(PAEKS). Polyaryletherketones have the advantage
of high chemical and mechanical resistance
to wear and high tensile, fatigue and flexural
strengths. ?* According to the manufacturer Cendres
and Metaux, Polyetherketoneketone has 80% higher
compressive strengths than other PAEK materials
and better retention properties than polyeythelene

(PE). *

Various methods have been used to analyze the
transmission of stresses to the underlying bone
among them are; photo elastic, strain gauge and
finite element analysis. Strain gauges measure the
deformation of a body by measuring its change in its
electrical resistance, they provide quantitative data
and can be used in vivo, despite that the size and
placement of the strain gauges are critical and could
be a limiting factor. » The strain gauge technique
will depend on recording the micro-strain through
alteration of the electrical resistance. It will then
convert the change in resistance to an electrical
voltage which can be measured with great accuracy
at the place where the strain gauge is placed.”

METHODOLOGY

This in vitro study was done to compare
between the strains transmitted to the implants
via two different types of attachments for two
implant retained overdenture. The two investigated
attachments were magnets and PEKK CM LOCK
attachment.
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Model fabrication and implant installation

The study was performed on acrylic models”
duplicated from a completely edentulous mandibular
arch. The model’s dimensions of the ridge are 5 mm
in width and 13 mm in length at the canine areas to
accommodate a dummy implant of 3.7 mm diameter
and 12 mm length™ which were placed in the canine
areas,one on each side. A waxed-up trial denture was
used to guide the placement of the implants in the
correct position. Implant parallelism was achieved
through the use of a milling machine.” Drilling
sequence was commenced until the implants were
flushed with the crest of the ridge of the acrylic resin
model. Self-cured acrylic resin was used to attach
the implants to the models in a manner resembling
osseointegration. An acrylic resin denture was
fabricated on the model in the usual manner and
then it was duplicated into another denture using a
silicon mold.

Preparation of the model and installation of the
strain gauges

Preparation of the acrylic resin around each of
the installed implants was carried out using a fissure
bur. A box shaped preparation in the acrylic resin
was done with a thickness of 1mm around each of
the two implants, having four prepared surfaces;
Buccal (B), Lingual (L), Mesial (M), and Distal
(D). The four prepared surfaces had to be flat and
parallel to the long axis of the implant each prepared
surface had to be smoothened using sand paper
before installation of the strain gauges to avoid
incremental strains.

ke

The installed strain gauges™ were of length
Smm, resistance of 120.4+0.4 Q and a gauge factor
of 209 + 1 %. The strain gauges were attached
to the four prepared surfaces; Buccal, lingual,

* Clear heat cured acrylic resin, Acrostone, Egypt.
*#* Osteoseal dental implants, California, USA
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Mesial, and Distal using a Cyanoacrylate based
adhesive,”™ light pressure was applied against the
bonded gauges and the pressure was maintained for
5 minutes using a large ball burnisher. The adhesive
was left for 24 hours for complete curing. Each
installed strain gauge wire was labeled according to
the surface it was attached to. In the acrylic resin
model special channels were made on the sides of
the model to secure the wires of the strain gauge
and were covered with acrylic resin, to prevent
dislodgment during measurement and also to
prevent any damage to the wires. In this in-vitro
study no dummy gauge was used in this study as
the strain gauges were temperature-compensated
for plastics.

Attachments pick up procedure

The dentures were prepared for pick-up using a
large fissure bur, the fitting surfaces of the dentures
were relieved at the area opposite to the abutments
to create sufficient space for the acrylic resin during
the pickup procedure. The magnetic attachment was
screwed onto the implant and tightened to a torque
of 35 NCm. Then the magnetic keeper was placed
over the attachment. Rubber dam pieces were
placed over the ridge area in the model and beneath
the attachments to block the undercut and prevent
the acrylic resin used during the pick-up procedure
from flowing on to the strain gauges. The denture
was checked to ensure complete seating without
interference with the attachments. Pick-up was
done using self-cure acrylic resin mixed according
to the manufacturer’s instructions and placed in
the fitting surface of the prosthesis. Finally after
complete setting of the acrylic resin the prosthesis
was removed and finished. (Fig.1) After loading
and measurements, the magnetic attachment was
replaced with the CM LOC attachment which was

**% Bego Bremer Goldschagerei Wihl. Herbst, Bremen, Germany
w#%% Kyowa strain gauges, KFG-3-120-c1-11L1M2R, Japan
wdk#Ak CC-33 strain gauge cement, Kyowa electronic instruments co., Japan.
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Fig. (1) Model with magnetic attachment and denture pick up

also tightened to a torque of 35Ncm. The Metal
housing and the Pekkton cap (PEKK) was then
placed over the CM LOC attachment, Pick up of
the CM LOC attachments was carried out following
the same steps for that of the magnetic attachments
(Fig.2). The denture with the CM LOC attachment”
was then used to measure all of the strains around
each implant.

Fig. (2): Model with CM Loc attachment and denture pick up

Load application and measurements:

A digital universal testing machine™ was used to
apply a static vertical compressive load of 100 N

for 15 seconds at a cross head speed of 0.5 mm/min

(Figure 6). This amount of load mimics a moderate
level of biting force on an implant-retained
overdenture.”” Load was applied both bilaterally and
unilaterally (Figure 7). For the unilateral loading, the
point of load application was selected at the site of
central fossa of the 1st molar on the loading side. A
notch was made at the point of load application using
a diamond bur to accommodate the tip of the loading
pin for reproducibility and also to prevent slippage
of the pin. Strains were measured at the four peri-
implant surfaces (mesial, distal, buccal and lingual)
at loading and non-loading sides. Unilateral loading
was done using the I-shaped load applicator on the
left side only (the loading side) while the right side
was considered as the non-loading side. Bilateral
loading was applied on both sides of the arch using
the T-shaped load applicator. A multichannel strain
meter™, to which the terminal ends of the strain
gauge wires were connected, was used to measure
the microstrains transmitted through each of the

EEETS

four strain gauges using special software™ . Fig.
(3) For each attachment, 5 measurements were
taken allowing at least 5 minutes between each
measurement for heat dissipation. The results were

tabulated and statistically analyzed.

* CM LOC attachment, Cendres and Metaux, Biel , Switzerland

** Lloyd LR5K instrument, Fareham, Hampshire, UK

*** Model 8692, Tinsely precision instruments, Surrey, UK

#*x% Kyowa Electronic Instruments Co.,Ltd, Japan
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Fig. (3): loading and measurement of microstrain.

Statistical analysis:

The mean and standard deviation values were
calculated for each group. Data were explored
for normality using Kolmogorov-Smirnov and
Shapiro-Wilk tests and showed parametric (normal)
distribution. Independent sample-t test was used
to compare between independent samples. The
significance level was set at P < 0.05. Statistical
analysis was performed with IBM® SPSS®
Statistics Version 20 for Windows.

RESULTS

Unilateral loading

For both attachments, the loading side showed
significantly higher microstrains than the non-
loading side. For the CM LOC attachment, the
higher microstrain occurred on the loading side
(654.33 + 64.94), while the lowest was found on
the non-loading side (392.33 + 49.58). For the
magnetic attachment, the highest microstrains were
found on the loading side (289.33 + 75.56) and the
lowest were found on the non-loading side (138.33
+ 41.82). On comparing the two attachments, the
CM LOC attachment had significantly higher
microstrains on the loading side than the magnetic
attachment, while on the non-loading side the
magnetic attachment showed significantly lower
strains than the CM LOCK attachment.
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TABLE (1): The mean, standard deviation (SD)

values of micro strain of unilateral loading

of both groups.
Unilateral loading
Variables Loaded side | Unloaded side
P-value
Mean | SD | Mean SD
CM
65433 | 64.94 | 39233 | 49.58 | <0.001%*
attachment
Magnet
289.33 | 75.56 | 138.33 | 41.82 | <0.001%*
attachment
P-value <0.001* <0.001%*

Means with different small letters in the same column
indicate statistically significance difference, means
with different capital letters in the same row indicate
statistically significance difference. *; significant (p<0.05)

ns; non-significant (p>0.05)
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Fig. (4): Bar chart representing means of micro strain of
unilateral loading in both groups

Bilateral loading

When bilateral vertical static load was applied
on the right and left first molars, the mean micro-
strains for the right and left implants were recorded
for the two types of attachments. There was a
statistically significant difference in mean micro-
strains between the right and the left implants for
both the overdenture retained with the magnet
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and the CM LOC attachment, with a higher mean
micro strain recorded for the right implant for both
attachments. Also it was found that the overdenture
retained with the CM Loc attachment had shown
a statistically significant higher mean micro-stain
when compared with the magnetic attachment at the
right implant. There was no statistically significant
difference between the mean micro-strains recorded
using the magnetic and CM LOC attachment for the
left implant.

TABLE (2) The mean, standard deviation (SD)
values of micro strain of bilateral loading

of both groups.
Bilateral loading
Variables Right implant | Left implant
P-value
Mean | SD | Mean | SD
CM
697.00 | 29.08 | 78.17 | 1249 | <0.001*
attachment
M t
BNt 11067 (2988 75.50 | 1.53 | <0.001*
attachment
P-value <0.001* 0.250ns

Means with different small letters in the same column
indicate statistically significance difference, means
with different capital letters in the same row indicate
statistically significance difference. *; significant (p<0.05)

ns; non-significant (p>0.05)
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Fig. (5): Bar chart representing means of micro strain of
bilateral loading on first molar area in both groups
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DISCUSSION

It is well known that overdentures will be
subjected to a variety of forces in different
directions during functional occlusal loading which
will induce tension and strain to the bone/implant
complex. # Since there is a relationship between
the type of attachment and the amount of strains
transmitted to the peri-implant bone;*'?? several
attachment have been introduced which differ in
their material, design and mode of action® to provide
favorable force distribution for bone preservation

and prosthesis longevity.

In this study the load was applied both unilaterally
and bilaterally to simulate most of the patients
chewing patterns, as most of the patients has a
preferable side of chewing (unilateral) while others
prefer to chew on both sides (bilateral). It is well
known that the first molar area is the area where the
maximum occlusal forces are exerted where there is
maximum contraction of the elevator muscles® and
the amount of the occlusal load transmitted to the
implant and the tension induced will depend upon
the proximity of the point of load application. '*3*
This would explain the reason why the mean micro-
strains during unilateral loading were statistically
significantly higher on the loading side for both
attachments; magnetic and CM loc than the mean
micro-strain on the non-loading side.

On comparing the two attachments, the magnetic
attachment demonstrated lower microstrains than
the CM LOC attachment on the loading and non-
loading sides. As concluded from a previous study;
the loading causes settling down of the denture
base on the loading side resulting in a lateral and
posterior direction of load. The direction of load
on the non-loading side, on the other hand, was
upwards resulting in a rotational movement of the
denture. * This offers a viable explanation to the
strain distribution patterns in the two attachments.
When loads were applied at the first molar area of
the magnetic attachment, sinking of the denture
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base resulted in the disengagement of the magnet
from its keeper, especially on the non-loading side.
On contrast the CM LOC attachment has a PEKK
matrix design with a slot in the matrix, this slot
will expand upon loading, thus resulting in more
vertical resiliency that would allow movement
of the prosthesis. The resiliency of the CM LOC
attachment permitted vertical movement of the
denture at the loading side, thus the denture was not
able to dis-engage at the non-loading side due the
frictional flanges of the CM LOC attachment and
so resulting in higher micro-strains than that of the
magnetic attachment.

When bilateral loading was applied on the right
and left first molar areas, it was found that the
right implant have recorded a higher statistically
significant micro-strain than the leftimplant. Despite
the fact that during bilateral loading, the loads are
distributed to both sides but with an overdenture
retained with two implants, when posterior loads are
applied the overdenture will tend to rotate around a
fulcrum line in the anterior area, * and due to this
rotation the denture in this study was disengaged
from the left side thus leading to a decrease in the
mean micro-strain for the left implant. The flat
surfaces of the magnets remained in contact with
their keepers and no forces were dissipated due to
disengagement. Since there is a sustained metal to
metal contact with no vertical resiliency involved,
the stresses were transmitted directly to the implants
with the magnetic attachment. On the other hand,
the resilient nature of the PEEK retentive matrix of
the CM LOC attachment acted as a shock absorber
and offered some freedom of movement, resulting
in fewer stress transmission to the implants on both
sides.”

Even though magnetic attachments transmit less
stresses to implants as proven by this study and
other studies, this usually happens at the expense of
retention and stability of the denture. 3'%>3® Several
studies have shown that retentive forces of magnetic
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attachments are less than other stud attachments
which might have an effect on patient satisfaction
with the final denture.® Yet, magnets were found to
be satisfactory and comfortable for older patients or
those with dexterity issues****. On the other hand,
attachments like the CM LOC, which offer a more
stable and retentive denture, seem to transmit higher
loads to the peri-implant bone.

Although in vitro studies are a reliable means
to study the stresses and strains related to implants,
teeth and superstructures as accurate measurements
are more difficult to attain intra-orally, the results
of this study remain essentially descriptive as
the physical properties of acrylic resin do not
accurately simulate the complex nature of bone and
osseointegration. Another limitation of this study
is that only vertical loading was applied, which
does not resemble the complex directions of forces
that occur during mastication. However, long-term
clinical studies on several stud attachments have
shown that these stresses seem to fall within the
physiological limits of the supporting structures.

Also, there was no simulation to the resiliency
of the muco-periostum posterior to the installed
implants, the reason for not applying a soft resilient
material was the difficulty in finding a material that
will be dimensionally stable throughout the study.

Clinical studies are required to evaluate the effect
of the type of attachment on peri-implant crestal
alveolar bone loss and correlate it with the results
of the current study. Further studies comparing the
new attachment CM LOC to the already present
attachment has to be carried out to confirm the
conclusion of the present study.

REFERENCES

1. Ekelund, J.-A., Lindquist, L. W., Carlsson, G. E. & Jemt,
T. Implant Treatment in the Edentulous Mandible: A
Prospective Study on Branemark System Implants over
More than 20 Years. Int. J. Prosthodont. 16, 602-608
(2003).



(3730)

10.

11.

E.D.J. Vol. 64, No. 4

Johns, R. B. et al. A multicenter study of overdentures
supported by Branemark implants. Int. J. Oral Maxillofac.
Implants 7, 513-522 (1992).

Rismanchian, M., Bajoghli, F., Mostajeran, Z., Fazel, A. &
Eshkevari, P. S. Effect of implants on maximum bite force
in edentulous patients. J. Oral Implantol. 35, 196-200
(2009).

Luraschi, J. et al. Mechanosensation and maximum bite
force in edentulous patients rehabilitated with bimaxillary
implant-supported fixed dental prostheses. Clin. Oral
Implants Res. 23, 577-583 (2012).

Geckili, O. et al. Comparison of patient satisfaction, quality
of life, and bite force between elderly edentulous patients
wearing mandibular two implant-supported overdentures
and conventional complete dentures after 4 years. Spec.
Care Dent. 32, 136-141 (2012).

Srinivasan, M. et al. Influence of implant angulation and
cyclic dislodging on the retentive force of two different
overdenture attachments - an in vitro study. Clin. Oral
Implants Res. (2016). doi:10.1111/clr.12643

Pierrisnard, L., Renouard, F., Renault, P. & Barquins, M.
Influence of Implant Length and Bicortical Anchorage on
Implant Stress Distribution. Clin. Implant Dent. Relat.
Res. 5,254-262 (2003).

Adell, R., Eriksson, B., Lekholm, U., Branemark, P. I. &
Jemt, T. Long-term follow-up study of osseointegrated
implants in the treatment of totally edentulous jaws. Int. J.
Oral Maxillofac. Implants 5, 347-359 (1990).

Tawil, G., Aboujaoude, N. & Younan, R. Influence of
prosthetic parameters on the survival and complication
rates of short implants. Int. J. Oral Maxillofac. Implants
21,275-82 (2006).

Holmgren, E. P., Seckinger, R. J., Kilgren, L. M. & Mante,
F. Evaluating Parameters of Osseointegrated Dental
Implants Using Finite Element Analysis&#151;A Two-
Dimensional Comparative Study Examining the Effects of
Implant Diameter, Implant Shape, and Load Direction. J.
Oral Implantol. 24, 80—88 (1998).

Chung, K.-H., Whiting, D., Kronstrom, M., Chan, D.
& Wataha, J. Retentive characteristics of overdenture
attachments during repeated dislodging and cyclic loading.
Int. J. Prosthodont. 24, 127-9 (2011).

. Manju, V. & Sreelal, T. Mandibular Implant-Supported

Overdenture: An In Vitro Comparison of Ball, Bar, and

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nada El khourazaty

Magnetic Attachments. J. Oral Implantol. 39, 302-307
(2013).

Isidor, F. Loss of osseointegration caused by occlusal
load of oral implants. A clinical and radiographic study in
monkeys. Clin. Oral Implants Res. 7, 143-152 (1996).

ELSYAD, M. A., ELHDDAD, A. A. & KHIRALLAH,
A. S. The effect of implant diameter on strain around
implants retaining a mandibular overdenture with Locator
attachments: An &lt;i&gt;in vitro&lt;/i&gt; study. Dent.
Mater. J. 35, 938-945 (2016).

Abdou Elsyad, M., Setta, F. A. & Khirallah, A. S. Strains
around distally inclined implants retaining mandibular
overdentures with Locator attachments: an in vitro study. J
Adv Prosthodont (2016). doi:10.4047/jap.2016.8.2.116

Jackson, T. R. The application of rare earth magnetic
retention to osseointegrated implants. Int. J. Oral

Maxillofac. Implants 1, 81-92 (1986).

Chu,F.C.S.,Deng,F.L., Siu,A.S. C. & Chow, T. W. Im-
plant-tissue supported, magnet-retained mandibular over-
denture for an edentulous patient with Parkinson’s disease:
A clinical report. J. Prosthet. Dent. 91, 219-222 (2004).

Budtz-Jorgensen. Prosthodontics for the elderly, diagnosis
and treatment. Quintessence Publ. Co., Inc. Illinois pp:222-
3 (1999).

Coca, 1., Lotzmann, U. & Prisender, K. A clinical follow-
up study of magnetically retained overdentures (Dyna-sys-
tem). Eur. J. Prosthodont. Restor. Dent. 10, 73-78 (2002).

Emami, E., Kodama, N., Singh, B. P., Cerutti-Kopplin, D.
& Feine, J. Efficacy of Mandibular 2-implant Overdenture:
An Updated Meta-analysis on Patient-based Outcomes.
JDR Clin. Transl. Res. 1, 20-30 (2016).

Davis, D. M. Implant supported overdentures--the King’s
experience. J. Dent. 25 Suppl 1, S33-7 (1997).

Wang, N. H. & von der Lehr, W. N. The direct and indirect
techniques of making magnetically retained overdentures.
J. Prosthet. Dent. 65, 112-117 (1991).

Fuhrmann, G., Steiner, M., Freitag-Wolf, S. & Kern, M.
Resin bonding to three types of polyaryletherketones
(PAEKSs)-durability and influence of surface conditioning.
Dent. Mater. 30, 357-363 (2014).

Passia, N., Ghazal, M. & Kern, M. Long-term retention
behaviour of resin matrix attachment systems for overden-
tures. J. Mech. Behav. Biomed. Mater. 57, 88-94 (2016).



THE EFFECT OF MAGNETIC AND CM LOCK ATTACHMENTS ON STRAIN AROUND

25.

26.

217.

28.

29.

30.

31.

32.

33.

Karl,M.,Dickinson,A.,Holst,S.& Holst,A.Biomechanical
methods applied in dentistry: a comparative overview of
photoelastic examinations, strain gauge measurements,
finite element analysis and three-dimensional deformation
analysis. Eur. J. Prosthodont. Restor. Dent. 17, 50-57
(2009).

Clelland, N. L., Gilat, a, McGlumphy, E. a & Brantley,
W. a. A photoelastic and strain gauge analysis of angled
abutments for an implant system. Int. J. Oral Maxillofac.
Implants 8, 541-548 (1993).

Porter, J. a, Petropoulos, V. C. & Brunski, J. B. Comparison
of load distribution for implant overdenture attachments.
Int. J. Oral Maxillofac. Implants 17, 651-62 (2002).

ELsyad, M. A., Elsaadawy, M. G., Abdou, A. M. &
Habib, A. A. Effect of different implant positions on strain
developed around four implants supporting a mandibular
overdenture with rigid telescopic copings. Quintessence
Int. 44, 679-686 (2013).

Bidez, M. W. & Misch, C. E. Force transfer in implant
dentistry: basic concepts and principles. J. Oral Implant.
18,264-274 (1992).

Sadowsky, S. J. & Caputo, A. A. Stress transfer of four
mandibular implant overdenture cantilever designs. J.
Prosthet. Dent. 92, 328-336 (2004).

Tokuhisa, M., Matsushita, Y. & Koyano, K. In vitro study
of a mandibular implant overdenture retained with ball,
magnet, or bar attachments: comparison of load transfer
and denture stability. Int. J. Prosthodont. 16, 128-134
(2003).

Heckmann, S. M., Winter, W., Meyer, M., Weber, H. P. &
Wichmann, M. G. Overdenture attachment selection and
the loading of implant and denture-bearing area. Part 2: A
methodical study using five types of attachment. Clin. Oral
Implants Res. 12, 640-647 (2001).

Chung, K. H., Chung, C. Y., Cagna, D. R. & Cronin, R.
J. Retention characteristics of attachment systems for
implant overdentures. J. Prosthodont. 13,221-226 (2004).

34.

35.

36.

37.

38.

39.

40.

41.

42.

(3731)

Assif, D., Marshak, B. & Horowitz, A. Analysis of load
transfer and stress distribution by an implant-supported
fixed partial denture. J. Prosthet. Dent. 75,285-291 (1996).

Yoda, N., Matsudate, Y., Abue, M., Hong, G. & Sasaki, K.
Effect of attachment type on load distribution to implant
abutments and the residual ridge in mandibular implant-

supported overdentures. J. Dent. Biomech. 6, (2015).

Mericske-Stern, R., Piotti, M. & Sirtes, G. 3-D in vivo
force measurements on mandibular implants supporting
overdentures. A comparative study. Clin. Oral Implants
Res. 7,387-396 (1996).

Ebadian, B., Talebi, S., Khodaeian, N. & Farzin, M. Stress
analysis of mandibular implant-retained overdenture with
independent attachment system: Effect of restoration space
and attachment height. Gen. Dent. 63, (2015).

TAKESHITA, S., KANAZAWA, M. & MINAKUCHI,
S. Stress analysis of mandibular two-implant overdenture
with different attachment systems. Dent. Mater. J. 30, 928—
934 (2011).

Petropoulos, V. C. & Mante, F. K. Comparison of Retention
and Strain Energies of Stud Attachments for Implant
Overdentures. J. Prosthodont. 20, 286-293 (2011).

Ceruti, P., Bryant, S. R., Lee, J. H. & MacEntee, M. I.
Magnet-retained implant-supported overdentures: Review
and 1-year clinical report. Journal of the Canadian Dental
Association 76, (2010).

Ismail, H. A., Mahrous, A. I., Banasr, F. H., Soliman, T.
A. & Baraka, Y. Two Years Retrospective Evaluation of
Overdenture Retained by Symphyseal Single Implant
Using Two Types of Attachments. J. Int. oral Heal. JIOH
7,4-8 (2015).

Ellis, J. S., Burawi, G., Walls, A. & Thomason, J. M.
Patient satisfaction with two designs of implant supported
removable overdentures; Ball attachment and magnets.
Clin. Oral Implants Res. 20, 1293-1298 (2009).



