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Purpose: To compare the flexural strength and modulus of ball-soft liner-retained overdentures vs ball-
socket—retained overdentures, as well as to evaluate the effect of using glass fiber reinforcement on the
mechanical properties of ball-soft liner-retained overdentures. Materials and Methods: A total of 80
overdenture specimens were fabricated and divided equally into four groups (n = 20/group): specimens with
a metal matrix (group 1); a silicone soft liner matrix (group 2); reinforced with one bundle of unidirectional
Stick glass fiber placed above the silicone soft liner matrix (group 3); and reinforced with four weaves of
bidirectional Stick Net glass fibers placed above the silicone soft liner matrix (group 4). Half of the specimens
from each group were stored in water at room temperature (23°C + 1°C) for 24 hours, while the other half
were stored in water at 37°C for 30 days before being subjected to a static three-point loading test. Results:
After 1 day of water storage, the flexural strength and flexural modulus values of groups 1, 3, and 4 were
not significantly different from each other (P = .788, P = .084), but were significantly higher than group 2
(P < .05). Water storage for 30 days significantly decreased the flexural strength of group 1 only (P < .001)
and not the other three groups (P >.05). Conclusion: Overdentures retained with a metal matrix were not
significantly different from those retained with a silicone soft liner matrix in terms of flexural strength and
modulus after 30 days of water storage. Placing unidirectional and bidirectional glass-fiber reinforcement
above soft liner matrices can increase the flexural strength of ball-soft liner—retained overdentures. Int J
Prosthodont 2021,34:801-XX. doi: 10.11607/ijp.6677

mplants can be used in combination with attachments to promote the retention
and stability of overdentures in completely edentulous patients. An overdenture
supported by two dental implants placed bilaterally in the canine area has been
considered as the gold standard for patients with complete edentulism. Also, a single

implant placed in the midline of the mandible has been reported to be effective.?* Correspondence to:
. . . . . . . r iviona Gioree
A variety of attachment systems are available and divided into two main categories: TCBC. Institute of Dentistry,
(1) splinted bar and (2) solitary stud attachments.> Solitary ball attachments provide University of Turku
higher stability and distribute the load more evenly and bilaterally to the residual WEIMEE P’fkékamr"f' F’F'?j’ﬂ;
. 6,7 . . . . urku, Finland.
ridge.> However, the wear of the metal matrix results in a decrease in retention. Email: mona.fgibreel@utu f
When the implants are not parallel, the male component can be abraded. The contact
between ball and socket during function generates a fulcrum line for overdenture 5“bm’“e‘tjg'f“5,/fz7§' 53273"
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rotation, which tends to generate tensile stresses within the denture base on the top ©2021 by Quintessence
surface of the abutment.® Publishing Co Inc.
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Fig 1 Attachment system and matrix used in testing procedures.
(@) Silicone-based soft liner matrix. (b) Metallic matrix. (c) Ball abutment.

The use of a resilient silicone soft liner instead of the
metal matrix of a ball attachment has been found to
significantly reduce stress on the peri-implant tissues.!°
Moreover, it can be considered as an alternative treat-
ment option when the number, angulation, or location
of implants differs from what was originally planned.
Another reason for consideration of such an attachment
might be the quality of bone when implants are placed
in grafted bone or in bone of poor quality. The patient’s
financial needs might play a role in the attachment se-
lection when a simpler and cheaper design is preferred,
as soft liner-retained overdentures need less prosthetic
maintenance.”'? Placing a soft liner material around
the implant abutment compensates for the volumetric
contraction of the denture base resin, which happens
during processing. Therefore, it prevents the abutments
from coming into direct contact with the acrylic resin and
decreases the possibility of implant overloading.® Due to
their viscoelastic properties, soft liners distribute mastica-
tory loads between the implant and the residual ridge,
reducing the need for prosthetic maintenance'?'> and
decreasing the incidence of peri-implant soft tissue com-
plications.'>® They have acceptable bond strength values
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to the acrylic resin, which can be enhanced in different
ways, including the application of a primer. In contrast,
a metal housing is retained on the denture base resins
by mechanical means of retention."'® Long-term silicone
soft liners can last for up to 1 year.”

Attachment components need extra space for accom-
modation within the denture base, making it weaker
and more prone to fracture, especially as the bite force
increases.®? The dimensions of the housings should be
considered because a decrease in denture base thickness
can increase the fracture potential.2%2' The incidence of
fracture is common in areas of high stress concentration,
which is thought to be around the metal housing.?!
In addition, the bond strength between the denture
base material and the metal housing, or between the
orientation material and the metal housing, is another
factor that can affect the flexural load and strength of
the overdenture base.?223

The use of glass fiber reinforcement above the im-
plant abutment has been proven to increase the flexural
strength and fatigue resistance of implant-retained over-
dentures.24-26 Glass fibers perform better than metal
reinforcement in terms of esthetics and chemical bond-
ing to the resin matrix with the aid of a silane coupling
agent.?’.28 They are available in various forms, such as
continuous unidirectional rovings, continuous bidirec-
tional weaves, or chopped fibers.29-31

To the present authors’ knowledge, no studies evalu-
ating the mechanical properties of ball-soft liner-re-
tained overdentures have been published. The soft liner
matrices may require more space within the overdenture
base than a thin metal housing, making the denture base
weaker. However, soft liners are more resilient, distribute
occlusal loads in a different way, and bond differently
to the denture base resin.'”32

Therefore, this study was set out to compare the
flexural strength and flexural modulus of ball-soft lin-
er-retained overdentures vs ball-socket-retained over-
dentures, as well as to evaluate the effect of using glass
fiber reinforcement on the mechanical properties of ball-
soft liner—retained overdentures. The study hypotheses
were that there would be a difference in the investigated
mechanical properties between overdentures retained
with a soft liner matrix and those retained with a metal
matrix and that using glass fiber reinforcement would
improve the investigated mechanical properties of ball-
soft liner—retained overdentures.

MATERIALS AND METHODS

The study design used simulated overdenture specimens.
Eighty specimens (65 mm long, 5 mm high, and 10 mm
wide) were fabricated from clear autopolymerizing den-
ture base resin (Palapress, Kulzer). The powder to liquid
ratio of the autopolymerizing resin was 10 g: 7.0 mL, as
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recommended by the manufacturers’ instructions. The
ball stud attachments selected for this study consisted of
a metal matrix (3.1 mm in height x 3.6 mm in diameter;
Dalbo-PLUS female part TE basic, Cendres+Métaux) and
a ball abutment (ball diamater 2.25 mm, collar height
2 mm); Octa closed, Dyna Dental Engineering). Polyviny!
siloxane (PVS) soft lining material (Reline Il Soft, GC) was
used for fabricating the soft liner matrices (Fig 1).

Fiber reinforcements in the form of bidirectional
weaves (StickNET, GC) and unidirectional rovings (Stick,
GQ) were used in this study. Both are silanated E-glass
fibers impregnated with porous polymethyl methacrylate
(PMMA).

The test specimens were divided into four groups (n
= 20/group) as follows: group 1 included overdenture
specimens with a metal matrix in the middle (n = 20);
group 2 included overdenture specimens with a silicone
soft liner matrix (n = 20); group 3 included overdenture
specimens reinforced with one roving of Stick glass fibers
placed above the silicone soft liner matrix; and group
4 included overdenture specimens reinforced with four
weaves of StickNET (SN) placed above the silicone soft
liner matrix, as recommended by previous studies?42°
(Fig 2).

In group 1 specimens, the metal matrix was placed cen-
trally in a PVS laboratory putty mold (Lab Putty, Colténe;
5.2 x 10.2 x 65.2 mm?3), and a mixture of acrylic resin was
then poured to fill the mold. In the other three groups,
a silicone mold with the same dimensions and a mid-
projection (3.1 mm high x 6 mm wide) was used to keep
a standardized space for soft liner placement within the
finished specimen. In group 3, Stick fiber rovings were
cut into equal lengths (60 mm), wetted for approximately
10 minutes with a thin powder-liquid mixture of autopo-
lymerizing acrylic resin (Palapress, Kulzer) between two
plastic sheets, placed within the mold after filling it with
4 mm of the acrylic resin mixture, and finally covered
with the rest of the mixture up to the top of the mold.
In group 4, SN fiber weaves were cut with scissors into
layers of 60-mm length and 9-mm width, wetted, and
placed in the same way as the unidirectional fibers. The
specimens were then covered using glass plates and
polymerized in distilled water maintained at 55°C + 2°C
under air pressure of 300 kPa for 15 minutes in a pneu-
matic polymerizing unit (lvomat IP3, Ivoclar Vivadent).

The specimens were wet-ground with successively
finer grades of silicon carbide abrasive papers from P500
to P1200 (LaboPol-21, Struers) to the predetermined
dimensions (5 x 10 x 65 mm3).

After curing and polishing specimens in groups 2, 3,
and 4, a primer (Reline Il Primer, GC) was spread on the
mid-hole within each specimen, followed by a mix of
soft liner, and the entire specimen was placed over a
ball abutment fixed to an acrylic model and allowed to
set for 5 minutes. Excess soft liner material was removed
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Fig 2 Schematic view of test groups of ball-retained overdenture
specimens according to matrix material and reinforcement. (a) Group
1. (b) Group 2. () Group 3. (d) Group 4. Red lines represent the
unidirectional fiber bundle, and green lines represent bidirectional
fiber weaves.

with a scalpel. The finalized specimen had a silicone soft
liner housing 1.88 mm thick bilaterally on both sides of
the ball abutment.

Half of the specimens from each group were stored in
water at room temperature (23°C + 1°C) for 24 hours,
while the other half were stored in water at 37°C for
30 days before testing. A static three-point loading test
was performed to determine the flexural strength and
flexural modulus values of the test groups using a uni-
versal testing machine (LRX, Lloyd Instruments). The test
speed was adjusted to 5 mm/minute while using the
implant (3.6-mm diameter and 11.5-mm length; Helix
Art Octa Implants, Dyna Dental Engineering) with the
ball abutment for load application (Fig 3). The distance
between the supports of the test specimens was 50
mm. The maximum load values exerted at failure were
recorded in Newtons (N). Elastic modulus values (GPa)
were collected from the machine. Flexural strength (FS)
was then calculated from the following equation33:

Flexural strength (MPa) = 3PL/2bd?

In the formula, P = maximum load (N), L = span length
(50 mm), b = specimen width (10 mm), and d = specimen
thickness (5 mm). After the loading test, specimens were
visually examined to detect the failure modes.

The surface fractures of representative specimens
were evaluated using scanning electron microscopy
(SEM; JSM-5500, Jeol). The selected specimens were
wet-ground (LaboPol-21) with silicon carbide papers of
decreasing abrasiveness (1,000-, 1,200-, 4,000-grit) and
then gold—sputter coated for the SEM examination. Ad-
ditionally, the fractured surfaces and bonding interphase
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Fig 3 Schematic view of three-point loading testing procedure. S =
matrixmadeofsilicone-basedsoftliner;L=5mm;f=1.9mm;h=3.1mm;
b = 1.88 mm in thickness.

between the soft liner and denture base resin before and
after water storage were examined with SEM.

Data were collected, and a 3-way analysis of variance
(ANOVA) was conducted to detect the effect of matrix
material, reinforcement, and water storage duration as
the independent variables on the evaluated properties
(a = .05). Statistical analysis of the flexural strength and
flexural modulus values for the test groups was then
carried out with 1-way ANOVA and Tukey multiple com-
parisons post hoc analysis (a = .05). All analyses were
conducted using statistical software (SPSS version 21,
IBM).

RESULTS

The mean values for flexural strength and flexural modu-
lus of the tested groups are presented in Table 1. The
matrix material, water storage duration, and reinforce-
ment significantly affected the flexural strength and
flexural modulus values of the test groups (P < .05). The
interaction between the matrix material and storage was
significant (P=.018 and P =.024, respectively) while that
between storage and reinforcement was not significant
(P=.236 and P = .053, respectively).

One-way ANOVA revealed a statistically significant
difference in the mean flexural strength and flexural
modulus values among the tested groups (P < .001).
After 1 day of water storage, the mean flexural strength
and flexural modulus values of groups 1, 3, and 4 were
not significantly different from each other (P=.788 and
P =312, respectively), but were significantly higher than
group 2 (P < .05; Tukey post hoc analysis). After water
storage for 30 days, the mean flexural strength value
of group 3 was significantly higher than groups 1 and
2 (P < .001), while the flexural modulus values were not
significantly different (P = .065). Moreover, the flexural
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strength of group 4 was significantly higher than that
of group 2 only (P = .003). Water storage for 30 days
significantly decreased the flexural strength of group
1 (P < .001), but not the other three groups (P > .05).
The fracture modes are presented in Table 2. Visual
examination revealed that all of the specimens in groups
1, 2, and 4 were completely fractured. In group 3, only 3
specimens were partially fractured, and the fracture line
was arrested at the fibers (Fig 4). Fractured surfaces of
the tested groups are shown in Figs 5 to 8. SEM exami-
nation of the bonding interphase between the soft liner
and denture base resin showed good adaptation of the
soft liner to the resin surface without separation (Fig 9).

DISCUSSION

The results confirmed the study hypotheses, since there
was a difference in the investigated mechanical prop-
erties between overdentures retained with a soft liner
matrix and those with a metal matrix, and using glass
fiber reinforcement improved the flexural strength of
ball-soft liner—retained overdentures.

A silicone soft liner matrix has viscoelastic properties
that can compensate for the difference in resiliency be-
tween the mucous membrane and the implants. This is
accomplished by enabling the denture movement to be
consistent with the mucous membrane and transmit-
ting a part of the occlusal load to the residual ridge.™34
They have been associated with minimal wear, less pros-
thetic complications, and better peri-implant soft tissue
health.'21>

Two main groups of resilient denture liners are avail-
able: plasticized acrylic resin and silicone rubber, which
can be either autopolymerized or heat-cured. Silicone-
based relining materials are not affected to a high extent
by aging, in contrast to acrylic resin—based ones, which
show permanent deformation and a loss of cushion-
ing effect due to continued polymerization and/or a
plasticizer loss.3> They are more retentive, durable, and
respond to load application and removal very quick-
ly.35-37 Therefore, a silicone-based soft liner material
was selected for this study.

A bilateral 2-mm-thick layer of silicone-based soft liner
with hardness < 90 was found to be effective in distribut-
ing and reducing stresses transmitted from the denture
base to the implant-supporting structures.’® The soft
liner thickness applied in the present study was 1.88 mm
on each side.

The present study showed that water storage duration
had a significant effect on the flexural strength values.
Although the flexural strength and flexural modulus val-
ues of group 1 (with metal matrix for a ball attachment)
were not significantly different from groups 3 and 4 after
24 hours of water storage, it was the only group that
showed a significant reduction in the flexural strength
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after water storage for 30 days. A study conducted by
Yoshida et al*® showed that the flexural strength of bulk
denture base resin was significantly decreased, while
that of reinforced denture base resins did not change
after 180 days of water immersion. This was attributed
to the leaching of soluble components (such as unre-
acted monomers and plasticizers324%) and the resulting
formation of microvoids that are filled with water by
inward diffusion, which adversely affects the polymer
strength by facilitating the polymer chains movement.*’
On the other side, using properly impregnated glass fiber
reinforcement that bonds chemically to the acrylic resin
denture base can enhance its mechanical properties
even after long-term water immersion and reduce its
water sorption.*?

The matrix material significantly affected the tested
mechanical properties, as shown by the 3-way ANOVA.
Group 2 had the lowest flexural strength and modulus
values under both storage conditions. This might be
attributed to the difference in the elastic modulus be-
tween metal and silicone resilient liners.> Another cause
might be the diameter of the silicone soft liner within
the overdenture base, which was 2.4 mm bigger than
that of the metal matrix.2®

In contrast to group 1, the flexural strength values of
the other three groups with soft liner matrices were not
affected by water storage. This could be explained by the
difference in resiliency between the metal and soft liner
matrices, which might affect the load transmission.3> The
lack of vertical resiliency, as well as the contact between
ball and metal socket, cause denture rotation during
loading and generate tensile stresses within the denture
base above the abutment.®43 Another cause would be
the effect of acrylic resin polymerization shrinkage at the
resin-metal interface. This shrinkage tends to generate
residual stresses at the interface, causing the resin to
pull away from the rigid metal, increasing the risk of
bond failure and allowing for the influx of oral fluids and
material degradation.#4 On the other hand, silicone soft
liners are viscoelastic materials with cushioning ability,
which can compensate for the volumetric contraction
and maintain adequate bonding with the denture base
resin.'® They can absorb and distribute functional stresses
more evenly, rather than concentrating them within
certain areas.324> A previous study showed that those
viscoelastic properties were not affected after 3 years
of water storage.*® The high filler content of the used
soft liner might have decreased the water sorption and
solubility.3> Moreover, the bonding strength between
the matrix and the denture base??:23 might have played
arole since it was mechanical for the metal matrix, while
a primer was used to enhance the bond strength®’ of
the silicone soft liner to the denture base. Besides, the
compliance of the soft liner*® used in this study might
have affected the bond strength. Increasing the filler

Gibreel et al

Table 1 Mean = SD Flexural Strength (FS) and
Flexural Modulus (FM) Values of the Tested

Groups
Water storage Group FS, MPa FM, GPa
1d Group 1 100.8 + 16.7@ 2.87 +0.32%
Group 2 75.4 + 10.1°d 2.16 +0.22°
Group3  98.7 + 12.3%¢ 3.13 + 0.592«d
Group 4 93.5+ 10.1%® 269 +0.25°
30d Group 1 70.5 + 6.5P 2.51 + 0.28bd
Group2  62.2+9° 2.29 + 0.400°¢
Group 3 92.1 + 6.8% 2.76 + 0.292
Group 4 81.3+9.7% 2.67 +0.232d
One-way ANOVA (P value) <.001 < .001

The same superscript lowercase letters indicate groups not statistically
significantly different when compared using Tukey multiple comparisons
post hoc analysis (P > .05).

Table 2 Fracture Mode of Test Specimens

Fracture arrested at

fibers (incompletely Specimens fractured

fractured) into pieces

30-d 30-d
1-d water water 1-d water water

Group storage storage storage storage
1 = = 10/10 10/10
2 - - 10/10 10/10
3 1710 2/10 9/10 8/10
4 - - 10/10 10/10

Values are presented as n/total.

1rarn

Fig 4 Scanning electron photomicrograph of a fracture line for an
incompletely fractured test specimen in group 3.
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Fig 5 Scanning electron photomicrographs of fractured surfaces in
group 1 at (@) x25, (b) x100, and (c) x400 magnifications.
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Fig 6 Scanning electron photomicrographs of fractured surfaces in
group 2 at (@) x25, (b) x100, and (c) x400 magnifications.
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Fig 7 Scanning electron photomicrographs of fractured surfaces in group 3 at (@) x25, (b) x100, (c) x300, and (d) x400 magnifications. Red
arrows represent fibers.

content would increase the tensile bond strength of
silicone soft liners to the base material. This was sup-
ported by the SEM evaluation (Fig 9). A previous study
also concluded that water aging for 12 weeks did not
affect the bond strength of silicone-based soft liners to
the denture base resin.*?

Fiber reinforcement placed above the attachment sig-
nificantly increased the flexural strength?42¢ and fatigue
resistance?® of locator-retained overdentures. These fi-
bers tend to stretch and absorb more energy before al-
lowing fracture to occur when placed closer to the tensile
stress side.”® This explains the high fracture strength
values of groups 3 and 4 when compared to group 2
under both storage conditions. The efficiency of fiber

reinforcement (Krenchel factor) is dependent on different
factors, such as the quantity of fibers within the polymer
matrix,2? fiber length,3' form,?® orientation,® adhesion
to the matrix polymer,>? impregnation with the polymer
matrix, %8 and fiber location.?4 Continuous unidirectional
fibers are anisotropic, with high strength and stiffness
only in one direction. On the other hand, woven fibers
are isotropic, reinforcing the polymer in two directions.
The Krenchel factor is 1 for unidirectional fibers and 0.5
for the bidirectional ones.?” The toughness of polymers
in thin attachment areas for tooth-supported or implant-
retained overdentures can be increased by adding glass-
fiber reinforcement.>3 Therefore, the addition of fiber
reinforcement on the top of the implant abutment can
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arrows indicate fibers.

delay the onset of crack initiation and maximizes the
force required for its growth.

The in vitro model used for this study may not be
exactly replicating the in vivo stresses and failure modes.
Further studies are needed to evaluate and compare the
mechanical properties of different types and thicknesses
of ball-soft liner—retained overdentures and to investigate
the reinforcing effect of using glass fibers under dynamic
loading conditions.

CONCLUSIONS

Within the limitations of this study, the following can
be concluded:

808 The International Journal of Prosthodontics

e |n contrast to overdentures retained with a metal
matrix, the flexural strength and flexural modulus
of overdentures retained with a silicone soft liner
matrix were not significantly affected by water
storage for 30 days.

o After 30 days of water storage, overdentures
retained with metal matrices did not display
significantly different flexural strength and modulus
values when compared to those retained with
silicone soft liner housing.

e Placing unidirectional and bidirectional glass-fiber
reinforcement above soft liner matrices can increase
the fracture resistance of ball-soft liner-retained
overdentures.
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water storage.
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Comprehensive Analysis of Risk Factors for Periodontitis Focusing on the Saliva Microbiome and Polymorphism

Few studies have exhaustively assessed the relationships among polymorphisms, the microbiome, and periodontitis. The objective of
the present study was to assess associations simultaneously among polymorphisms, the microbiome, and periodontitis. Propensity score
matching was used with a 1:1 ratio to select subjects, and then 22 individuals (mean + SD age = 60.7 + 9.9 years) were analyzed. After
saliva collection, V3-4 regions of the 16S rRNA gene were sequenced to investigate microbiome composition, alpha diversity (Shannon
index, Simpson index, Chao1, and abundance-based coverage estimator), and beta diversity using principal coordinate analysis (PCoA)
based on weighted and unweighted UniFrac distances. A total of 51 single-nucleotide polymorphisms (SNPs) related to periodontitis
were identified. The frequencies of SNPs were collected from Genome-Wide Association Study data. The PCoA of unweighted UniFrac
distances showed a significant difference between the periodontitis and control groups (P < .05). There were no significant differences
in alpha diversity or PCoA of weighted UniFrac distance (P > .05). Two families (Lactobacillaceae and Desulfobulbaceae) and one species
(Porphyromonas gingivalis) were observed only in the periodontitis group. No SNPs showed significant expression. These results suggest
that periodontitis was related to the presence of P gingivalis and the families Lactobacillaceae and Desulfobulbaceae, but not SNPs.

Toyama N, Ekuni D, Matsui D, et al. Int J Environ Res Public Health 2021;18:6430. References: 36. Reprints: pul71gxi@s.okayama-u.ac.jp —David
Ojcius, USA
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