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Effect of two different soft liners and thicknesses mediating
stress transfer for immediately loaded 2-implant supported
mandibular overdentures: A finite element analysis study
Iman Abd-Elwahab Radi, MDS, PhDa and Nesrin Elmahrouky, MSD, PhDb
ABSTRACT
Statement of problem. The use of soft liners as female receptacles for ball attachments retaining
immediately loaded implant overdenture has been recommended to enhance osseointegration and
provide a shock absorbing effect. However, which liner and which thickness is still unclear.

Purpose. The purpose of this finite element analysis (FEA) study was to evaluate the effect of a 2-
and 4-mm thickness of thermoplastic resin (TRL) and silicone-based liners (SBL) on the displacement
and stresses transmitted to immediately loaded implants retaining a mandibular overdenture.

Material and methods. Four 3-dimensional (3D) FEA models of a mandibular implant overdenture
retained by 2 ball attachments (2 models for each lining material with 2- or 4-mm liner thicknesses)
were developed. Implants were placed in the canine regions and surrounded by a 1-mm cylinder of
immature bone simulating immediate loading. A vertical and an oblique load of 150 N were applied
in the right premolar molar regions. Stresses and displacement were set as output variables.

Results. Replacing the TRL by the SBL was associated with a decrease in stresses by 73% and in
displacement by at least 46%. Increasing the thickness of any liner decreases stresses by 45% during
vertical loading and by 25% during oblique loading and decreases displacement by 61.5% during
vertical loading and by an average of 32.5% during oblique loading. None of the liners exceeded
the experimental risk limits for micromotion at the bone-implant interface (50 mm).

Conclusion. In immediately loaded mandibular implant overdentures, both SBL and TRL decrease
the micromotion of implants and the stresses at the bone-implant interface. However, SBL is more
effective. The thickness of both liners seems to play a major role in decreasing the stresses and
displacement of periimplant tissues. (J Prosthet Dent 2016;116:356-361)
Mandibular implant-retained
overdentures can provide an
effective treatment for patients
with edentulism and, in partic-
ular, those who have persistent
problems using conventional
mandibular prostheses.1-4 The
use of 2 interforaminally-placed
implants to support such over-
dentures was demonstrated
to be clinically successful, eco-
nomically advantageous, and
provided adequate retention.5,6

Different kinds of attachments
could be used to retain this
prosthesis. Solitary ball attach-
ments were claimed to be less
technique sensitive, less costly,
and easier to clean compared
with bar attachments.7-9

Immediate loading of den-
tal implants has long been

used to shorten treatment time and to provide a solution
for interim restorations,10 which enhanced patient satis-
faction. Although research has shown no difference in
implant stability and implant failure rates with delayed
and immediate loading protocols, several factors could
affect the results of the immediate loading protocol,
including the surgical technique, primary implant stabil-
ity, bone quality and quantity, wound healing, implant
macrostructure, and prosthetic design.11,12 Successful
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osseointegration of immediately loaded implants
depended on keeping the load from generating excessive
micromotion at the bone-implant interface, which was
determined experimentally to fall between 50 and 150
mm.13 The refinement of the clinical protocols, the
application of sound biomechanical principles, and the
introduction of new implant designs and surface treat-
ments encouraged the successful use of this loading
protocol, especially in implant overdentures. In an
versity, Cairo, Egypt.
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Clinical Implications
In immediately-loaded mandibular implant
overdentures retained by ball attachments, the use
of a 4-mm soft liner as a female receptacle for the
attachment could decrease occlusal loading and
could be used while considering esthetics and
interarch and tongue space. Clinical studies are
needed to investigate the risk of denture base
fracture when using this thickness.
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attempt to decrease the occlusal loading and provide a
shock absorbing effect,14,15 the use of soft liners to act as
female receptacles for a ball attachment-retained over-
denture was recommended by Koike et al,16 who claimed
that resilient liners eliminated many of the problems
encountered with attachments, such as the narrow
incorporation space within the denture, the low abrasion
resistance of the male part, the difficulty in replacing or
repairing the abraded male parts, and the time-
consuming manipulation technique. Soft liners are also
simple, inexpensive, and easy to replace. The use of a soft
liner-retained, implant overdenture also solves many
treatment problems when the number, location, size, or
angulation of dental implants placed differ from the
original treatment plan. Its use may be for short or long
term.17 Long-term use could be related to a change in the
previously selected treatment plan; however, short-term
use is mainly indicated when implants are placed in
grafted bone or bone of poor quality, or when an interim
restoration or early loading is attempted.

The 2 main types of soft liners are plasticized acrylic
resins and silicone elastomers. In each type, the available
materials differ in the percentage of cross-linking agents,
catalysts, and fillers. They are available in autopolyme-
rizing and heat-polymerizing forms.18

Silicone based liners (SBL) are elastomeric polymers
(polydimethylsiloxane) that do not require an external
plasticizer and are, therefore, more stable over time than
acrylic based liners. They serve as definitive liners since
they have low water sorption properties, satisfactory
adhesion to the denture base because of the presence of
benzyl peroxides, significantly better rupture properties,
and less wettability than acrylic resin-based liners. In
addition, the acryloxyalkylsilane additive in some of them
has a mild inhibitory effect on Candida albicans growth.19

Their main disadvantages are related to their low glass
transition temperature and to their hydrophobicity,
which reduces their water sorption but simultaneously
inhibits good affinity to the supporting tissues.20

Thermoplastic resins have been available since 1950
and have recently been used as resilient denture lining
materials.21,22 They are flexible biocompatible materials
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with a reported, predictable, long-term performance,
durable bonding to acrylic resin denture bases, high fa-
tigue endurance, excellent wear characteristics, and sol-
vent resistance, with almost no free monomer in the
processed material. The absence of porosity in the ma-
terial reduces the biologic buildup, water sorption, odors,
and stains, thereby allowing better dimensional and color
stability than conventional resins.23,24

The ideal thickness of the liner has long been a
controversial issue.25-27 Some authors have advocated
the use of the FEA to study the stresses transmitted to
the implants and their surrounding structures.28,29

Hence, this FEA was performed to evaluate the effect
of 2- and 4-mm thicknesses of thermoplastic resin liner
(TRL) and SBL on the displacement and stresses trans-
mitted to immediately loaded implant-retained mandib-
ular overdentures.

MATERIAL AND METHODS

A 3-dimensional (3D) finite element analysis (FEA)
model of a mandibular implant overdenture retained by
2 ball attachments and lined with 2 different resilient
liners was created. Implants were placed in the canine
regions and immediately loaded. The effect of 2- and
4-mm thicknesses of the TRL versus SBL on the stresses
transferred to the bone surrounding the implants
(measured in MPa) and the implant displacement
(measured in mm) was evaluated. The computer simula-
tion of the suggested clinical situation used a personal
computer with a core (I7) processor, a cache memory of
6 MB, and a RAM of 4 GB (HP Probook 4540s; Hewlett-
Packard Development Co, LP) and software (Image
Materialise Mimics, Materialise; INUS Technology, Inc,
RapidForm XOR3; INUS Technology, Inc, Solidworks
2012 SP0.0 premium package; SolidWorks Corp).

Computed tomographic (CT) images of a dentulous
mandible were introduced into the Mimics software.
Bone and tooth thresholds were chosen to aid in the 3D
calculation to produce the nonmodifiable stereolitho-
graphic (STL) or FEA model. The latter was then
introduced to intermediate software, RapidForm XOR3,
to make multiple cross-sectional curves at the level of
the bone and crown of the teeth. These curves, called
nonuniform rational basis spline (NURBS) curves, were
used to design the fully modifiable computer-aided
design (CAD) model, a process called NURBS-based
modeling. A number of curves were successively
drawn by following the created bone section planes.
These included a mucosa of 1 mm, a liner of 2 or 4 mm
thickness, and the denture base (Fig. 1A). These basic
sketches of the bone, mucosa, denture base, and teeth
were modeled with the aid of software (SolidWorks
2012 SP0.0 premium package; SolidWorks Corp). The
mathematical model was characterized by an
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 1. A, Outline of bone and crowns of teeth identified within nonuniform rational basis spline curves. B, Restraints applied to inferior and posterior
borders of mandible to prevent its displacement during vertical and oblique loading.

Table 1.Modulus of elasticity and Poisson ratio of different materials
used for finite element analysis models

Material
Modulus of

Elasticity (GPa)
Poisson
Ratio References

Mucosa 0.34 0.45 30

Titanium 110 0.33 31

Silicone-based liner 0.021 0.44 32

Thermoplastic resin liner 1.5 0.35 33

Acrylic resin artificial teeth 2.94 0.3 34

Acrylic resin denture base 1.96 0.3 34

Cortical bone 15 0.3 35

Sponge bone 1.5 0.3 35

Immature bone 0.76 0.3 36

GPa, gigapascal.
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intercondylar distance of 112.6 mm. At the implant site
(canine regions), the bone height was 32 mm and the
buccolingual width was 8 mm. The distance between
the chin and the mandibular angle was 91 mm, and the
distance between the mandibular angle and the coro-
noid apophasis was 61 mm. The separation between
implant centers was set at 32 mm straight from canine
to canine. Because the CT scan image of the artificial
tooth material was not as defined and clear as that of
natural teeth or bone, the teeth of the dentulous
mandible were used to guide the NURBS-based
modeling of the denture teeth.

The implant was then modeled separately with the
aid of SolidWorks with a length of 12 mm and a diameter
of 3.6 mm surrounded by a 1-mm cylinder of immature
bone to simulate a situation of immediate loading. This
standardized the measurement of the stresses in a con-
stant bony area of 4.6 mm diameter (1 mm larger than
the implant diameter).

The components were assembled, creating 4 models,
2 for each lining material, each with 2 different liner
thicknesses. All materials used in the models were
considered homogenous, isotropic, and linearly elastic.
The modulus of elasticity and Poisson ratio for the
different materials were introduced into the software
following the data listed in Table 1.30-36

All components were considered to have bonded
contacts, which means that they were displaced as 1 unit
and did not penetrate each another; however, there
was a slip contact between the ball head and the liner
material and between the implant and the immature
bone.36 In this study, tetrahedral solid elements were
used to form a fine solid mesh with 107 460 elements
and 159 553 nodes, which were concentrated at the
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bone-implant interface. Curvature based mesh was used
to involve the different components sizes.

The models were restrained at the inferior and pos-
terior borders of the mandible to prevent its displacement
(Fig. 1B). A vertical force of 150 N was applied axially
on the central fossae, and a 25-degree oblique force was
applied on the buccal slopes of the lingual cusps of the
premolar and molars. The maximum von Mises stresses
on the jaw bones and the maximum displacement of the
implant-abutment complex were set as output variables
to evaluate the effect of the different thicknesses of the
different resilient lining materials on the immediately
loaded implants. The analyses were run using the soft-
ware (SolidWorks 2012.SP0.0 premium package; Solid-
Works Corp), and the results were recorded.

RESULTS

Generally, stresses were concentrated on the loaded side,
with minimal stress propagation to the unloaded side
Radi and Elmahrouky



Figure 2. Stress distribution on loaded (A) and unloaded (B) sides.

Figure 3. Periimplant bone stresses around loaded implants in studied
models. Under vertical loading: A, Thermoplastic resin liner (TRL) 2 mm;
B, TRL 4 mm; C, S2V silicone-based liner (SBL) 2 mm; D, SBL 4 mm. Under
oblique loading: E, TRL 2 mm; F, TRL 4 mm; G, SBL 2 mm; H, SBL 4 mm.
Colored bar refers to corresponding stress, with red indicating highest
and blue indicating lowest stress.

Table 2.Maximum equivalent stress and implant displacement values

Loading
Condition

Liner
Thickness

Maximum
Equivalent
Stress in the
Periimplant
Bone (MPa)

Implant
Displacement

(mm)

SBL TRL SBL TRL

Vertical 2 mm 5 18 7 13

4 mm 2.7 10 2.7 5

Oblique 2 mm 10 37 13 28

4 mm 7.5 28 9 18

SBL, silicone based liner; TRL, thermoplastic resin liner; MPa, megapascal.
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(Fig. 2). For all models, the von Mises stresses, recorded
under oblique loading, were higher than those recorded
under vertical loading. This is attributed to the analysis of
the oblique into vertical and detrimental lateral loads.
At the implant level, the highest stresses were found
in the coronal portion of the periimplant bone of the
loaded side. Stresses then faded massively as measured
further apically along the whole implant length. This was
especially true for the SBL models. However, in the TRL
models, stresses were concentrated along the coronal
two-thirds or even more of the implant length, starting
to fade only at the implant apex (Fig. 3).

As listed in Table 2, increasing the thickness of any of
the liners from 2 to 4 mm decreased the stresses by 45%
during vertical loading and by 25% during oblique
loading. Stresses also decreased by 73% if the liner was
changed from TRL to SBL during both oblique and ver-
tical loading. However, increasing the thickness of any of
the liners from 2 to 4 mm decreased the displacement
by 61.5% during vertical loading and by an average of
32.5% during oblique loading. Also, displacement was
decreased by 46% when the liner was changed from TRL
to SBL during vertical loading and by an average of 51%
during oblique loading. Furthermore, a positive linear
and exponential correlation was found between the
maximum equivalent stresses in the periimplant bone
and the implant displacement values with a Pearson
correlation coefficient of 0.946 (Fig. 4).

DISCUSSION

Placing resilient liners around dental implant abutments
improves the retention and stability of implant over-
dentures17 and more importantly minimizes the possi-
bility of overloading the implants, not only by acting as a
shock absorber but also by compensating the volumetric
contraction of the acrylic resin denture base that occurs
during processing, thereby preventing the implants
from coming into direct contact with the acrylic resin.14
Radi and Elmahrouky
The results of this FEA study confirmed a decrease in
the stress and implant displacement values, whatever the
liner material or thickness used. None of the investigated
lining materials produced displacement values exceeding
50 mm, which was reported to be the experimental risk
limit for micromotion at the bone-implant interface and
which should be avoided whenever immediate loading of
implants is attempted.13 This together with the positive
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 4. Correlation between maximum equivalent stresses and
implant displacement for both liner thicknesses and under different
loading conditions.
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linear and exponential correlations between the stresses
and the implant displacement values, where an increase
in any of them was associated with a relatively similar
increase in the other one, might indicate that the stress
values reported for the thicknesses of the investigated
lining materials are also possibly far beyond the experi-
mental risk limit for immediately loaded implants.
However, replacing TRL with SBL was associated with a
decrease in the stresses by 73% and in the displacement
by a minimum of 46%. This could be related to the higher
Poisson ratio of SBL, wherein this mechanical property is
responsible for the greater compression and the possibly
higher energy absorption, which allows the load to be
spread over a larger area of the lining material with lesser
load and stress transfer to the underlying tissues.15

Increasing the thickness of any of the liners from
2 to 4 mm decreased the stresses by 45% during verti-
cal loading and by 25% during oblique loading and
decreased displacement by 61.5% during vertical loading
and by an average of 32.5% during oblique loading. This
finding was in agreement with that of Santos et al,25 who
showed that a 3-mm soft liner thickness produced lower
stresses in the periimplant tissues when compared
with 1.5 mm thickness. The authors explained their re-
sults by the increased cushioning effect associated with
the increased liner thickness. However, Sadr et al26 re-
ported that soft liners with moduli of elasticity lower
than that of the mucosa, transfer more stresses to the
underlying mucosa and bone under rapid loading con-
ditions (bruxing), whereas liners thicker than 2 mm are
associated with minor changes in the accompanying
strain.27 Increasing the liner thickness always reduces
the denture base strength and increases its flexibility.

Stresses were minimally propagated from the loaded
to the nonloaded side, because loading at the premolar-
molar region caused a hinging effect around the distal
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side of the loaded implant and induced considerable
stresses in this implant. On the implant level, stresses
were highest at the coronal part of the periimplant bone
and faded in an apical direction, because stresses tend to
concentrate at the implant neck, which forms the fulcrum
point for implant bending. However, stresses tend to
extend more apically in TRL versus SBL, which could be
related to the relatively higher displacement values of the
implant associated with the TRL and which, therefore,
generated higher stresses apically.

FEA studies have been widely used in the field of
implant dentistry to eliminate many variables and to
avoid ethical and methodologic limitations. However,
the method is based on a set of input values that are
assumed to be average values as occlusal loading, bone,
mucosa, and liner mechanical properties.28 All materials
were assumed to be homogenous and isotropic, although
some materials such as the cortical bone are actually
isotropic but nonhomogenous.29 This factor, together
with the arch shape and dimensions, implant positions,
and angulations, could affect the results. In addition, the
linear relationship observed between the stresses and
implant displacements could only apply to the range of
variables considered here, but an expanded range might
show a different relationship. Hence, randomized clinical
trials are necessary to demonstrate the efficiency of soft
liners in immediately loaded implant overdentures.

CONCLUSIONS

Within the limitations of this FEA study, it was concluded
that in immediately loaded mandibular implant over-
dentures, both SBL and TRL liners decrease the micro-
motion of the implants and the stresses at the
bone-implant interface. However, SBL is more effective
in decreasing the stresses and the implant displace-
ment than TRL. The thickness of the liners plays a major
role in decreasing the stresses and displacement, but
that benefit should be weighed against the risk for
denture base fracture and load transmission to the
underlying mucosa, bone, and denture base.
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