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ABSTRACT

INTRODUCTION: Evaluation of strain developed around implants is playing an important role in the success of osseointegration
of implants. Among the factors that affect the strain development, we can include the superstructure material.

OBJECTIVE: The present study used strain gauge to perform an in-vitro evaluation of strain development around dental implants
after using two different CAD-CAM reinforced polymers as superstructure materials.

MTERIALS AND METHODS: Sixteen polyurethane test blocks were divided into two groups according to the superstructure
material, biocompatible high-performance polymer (BioHPP) and reinforced nano-hybrid polymer with multi-layered glass fiber
(TRINIA). Superstructures were fabricated with the same design using computerized aiding design then milling from CAD-CAM
blocks. Strain gauges measured microstrain values. A universal testing machine was used to apply static load from 0 to 100 N in
axial and 45-degree oblique directions on the superstructure. Then, the microstrain values were measured using a strain meter.
Comparisons between the two groups were done using t-test, while comparisons between the buccal and palatal areas around the
implant were done using paired t-test. Three-way ANOVA was performed to assess factors affecting strain development around
implants (P=.05).

RESULTS: The microstrain developed around TRINIA was significantly lower than BioHPP (p <.001).The oblique load leads to
higher strain development compared to the axial load. Regarding the oblique load, the strain values were higher in buccal area than
the palatal one. CONCLUSION: Strain development around dental implants is influenced by the superstructure material. The
oblique occlusal load caused higher microstrain than the axial occlusal load.
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INTRODUCTION

Although dental implants are often regarded as the
gold standard for teeth replacement, they reveal
different biomechanical behaviors than natural
teeth as the bone is in intimate contact with the
implant due to the absence of periodontal ligaments
[1]. This usually leads to bone resorption around
dental implants due to the excessive occlusal loads
directly transmitted to the surrounding bone [2,3].
Therefore, controlling the transmission of
mechanical stresses is crucial for dental implant
durability and long-term success [4,5].

One of the significant factors affecting the
transmission of stresses between dental implant and
bone is the type of restorative material [6,7].
Restorative materials with proper mechanical and
physical properties can enhance the long-term
success and function of the implant system [8,9].
For decades, metal ceramics as porcelain fused to

metal were considered the primary restorative
materials for implant-supported crowns. Metals are
rigid with modulus of elasticity higher than bone
that increased occlusal forces on the implant
system without cushioning [10]. However, their
disadvantages include marginal gingival
discoloration as well as metal allergy [11,12].
Therefore, metal-free dental restorations, such as
ceramics, are highly recommended to simulate the
natural dentition esthetics [13].

Wherefore zirconia emerged to be used as a
substructure for ceramic restorations with high
mechanical strength but required veneering to
obtain proper esthetics because of their high
opacity [14]. These ceramic-ceramic restorations
exhibited superior esthetic properties compared
with their metal-ceramic counterparts. The success
rate of porcelain veneered zirconia restorations has
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been reported to be poorer than that of metal-
ceramic restorations due to the low fracture
strength.  Lithium  disilicate  had  higher
concentration of crystallin phase and the tighter
interlocking matrix of this synthetic glass ceramic
that improved the strength and fracture toughness
compared with the feldspathic porcelain [15].
However both bilayered, metal ceramic and
ceramic fused to zirconia restorations has the
technical complication of chipping the veneering
ceramic for many reasons including the lower
flexural strength of the veneering ceramic [16,17].
Consequently,  monolithic  restorations  were
alternative promising restorations which are
entirely made of zirconia. Despite their superior
esthetic properties, excellent toughness strength
and fatigue resistance, ceramics have a high
modulus of elasticity that predisposes to high
transmission of functional loads to the implant
system [18]. In general ceramics are stiff and
transmit heavy loads to the implant-prosthesis
system resulting in several complications [1,19].
Recently, to mimic the mechanical behavior of the
natural tooth, polymer infiltrated ceramic network
(PICN) was developed with elastic modulus and
hardness that closely matches natural tooth
structure than conventional dental composites. It
offers comparable fracture toughness to glass
ceramics and superior damage tolerance. However,
the hardness is reduced and the flexural strength of
PICN (130 MPa) is lower than that lithium
disilicate glass ceramic material (342 MPa) [20].
Therefore, materials with a low modulus of
elasticity, such as  Biocompatible  High-
Performance Polymer (BioHPP), have been
introduced [21], The elastic modulus of BioHPP is
4GPa, which closely resembles the elasticity of
human bone; and thus, the chewing forces can be
cushioned. However, it has a lower load-bearing
capacity when compared to zirconia [21]. Its tensile
strength and flexure strength is 80MPa and
>150MPa respectively [22].

Recently, TRINIA was introduced as a glass fiber
reinforced CAD-CAM disc composed of 45wt%
epoxy resin matrix and 55wt% multidirectional
interlaced glass fibers [22]. Its advantages include
biocompatibility, low specific weight, high flexural
strength of 393Mpa, and high compressive strength of
374Mpa  while BioHPP flexure strength was
>150MPa . The modulus of elasticity of TRINIA is
18.8Gpa which is comparable to that of dentin
(18.6Gpa) [23]. Using a material with a flexural
modulus comparable to dentin and close to human
bone allows bending at a similar rate and helps to
preserve healthy bone support around the implants;
more significantly, this allows the patient to function
similarly to when they were dentate.

TRINIA is used as a superstructure material in non-
metallic prosthetic restorations, frameworks for
anterior or posterior crowns, bridgework, telescopic
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restorations, framework for fixed restorations and
removable partial dentures, three-unit bridges,
customized abutments for implants, and implant-
supported superstructures [24].

In dental implants, the level of exerted strain
affects the biological response of bone [25]. For
biomechanical assessment, strain gauge analysis is
appropriate as it analyzes the strain quantitatively
[26,27]. It is based on assessing the amount of
elastic deformation with the least amount of
interference possible during testing by applying
electrical resistance both in-vivo and in-vitro under
static or dynamic loads [28].

Evidence-based clinical and laboratory studies
using TRINIA are limited. The aim of the current
study was to compare the strain developed around
dental implants after using BioHPP and TRINIA as
superstructure materials. The null hypothesis was
that strain developed around dental implants would
not differ among different reinforced polymeric-
based implant superstructure materials.

MATERIALS AND METHODS

2.1. Estimation of sample size

Sample size was calculated assuming 80% study
power and 5% alpha error. Based on the results of a
pilot study conducted on six blocks (3 BioHPP and
3 TRINIA), the mean (SD) strain of BioHPP under
axial load was= 261.29 (22.41), and 209.50 (36.12)
in case of TRINIA. Based on comparison of means,
sample size was calculated to be 7 per group,
increased to 8 to make up for laboratory processing
errors. The total sample size required= number of
groups X number per group= 2 x 8= 16 blocks.
Sample size was calculated using G*Power
(Version 3.1.9.4)

2.2. Preparation of the study specimen

Sixteen synthetic solid rigid polyurethane test
blocks (2x5x4.5 cm) (Aptic Medical, Washington,
USA) were used for this study. The blocks were
selected as a substitute for human cancellous bone
as a test medium for implants installation.
Although the material does not have the same
structure as the human bone, its mechanical
characteristics are similar to human cancellous
bone, as defined by the ASTM F-1839-08 standard
[29]. It was used in a density of 20 pounds per
cubic foot which acts as a substitute for bone types
I, 111, and 1V [30,31].

To fabricate a model of a single tooth replacement
(a missing maxillary right first premolar), the
crown portion of two ready-made acrylic teeth
(representing right maxillary canine and right
maxillary second premolar) were sectioned and
connected with an 8mm palatal bar made of clay.
This distance was to include the implant’s diameter
(4mm) as well as 1.5mm on both sides of the
implant [32]. A desktop scanner (InEos X5,
Dentsply Sirona, Germany) was used to capture the
design and construct accurate 3D virtual models of
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the dentition on the designing software (Exocad,
Germany).

Sixteen final virtual designs were printed out using
a 3D printer (Dent 2 Mogassam, Co. LLC, Newark,
DE, USA) in dental cast resin (Matte gray ABS-
like resin; Phrozen, Taiwan). Cyanoacrylate
adhesive was used to attach each tooth model to the
polyurethane test blocks.

Cone beam computed tomography was used to scan
the bounded saddle replicas. The implant position
was virtually planned to be parallel to the long axis
of the adjacent teeth by using the designing
software (Blue Sky BIO, USA) (Figure 1). To
standardize the procedure of implants placement, a
surgical guide was fabricated on the final virtual
model of the teeth then printed out using a 3D
printer (Envision Tec, DDDP, Germany). The
printed surgical guide was then placed on the
polyurethane blocks, and implants of 4mm in
diameter and 10mm in length (Dentium Co., Seoul,
Korea) (n=16) were then placed. Implants were
inserted in the blocks using a torque wrench at 35
Ncm [33].

Titanium straight abutments (Dentium Co., Seoul,
Korea) of 4.5x5.5-mm for cemented crowns with a
2.5-mm transmucosal area were screwed using an
abutment screwdriver and torque wrench with
30Ncm torque (Figure 2) [34].

Figure 1: Planning virtual implant design on blue
sky software

Figure 2: Titanium abutment insertion

2.3. Fabrication of superstructures

Each abutment was sprayed with scanning spray
(CEREC Optispray; Dentsply Sirona, Bensheim,
Germany), then scanned with the desktop scanner
(InEos X5, Dentsply Sirona, Germany). (Figure 3)
illustrates the implant superstructure’s final design,
which consisted of a BioHPP or TRINIA
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framework veneered by composite resin. The
specimens were divided into two groups according
to the framework material: a control group
containing BioHPP frameworks (n=8) and a study
group with TRINIA frameworks (n=8). CAD
software (Exocad, Germany) was used to design
the restorative framework with 0.7mm thickness
and 80um cement space. The BioHPP (Bredent,
Senden, Germany) and TRINIA (Shofu Dental
Corporation, San Marcos, USA) blanks were used
to fabricate the specimens of the two groups by
using the milling machine (Dentsply Sirona, inLAB
MCX5, Germany). Then, the restorative
frameworks were checked for their passive fit on
the abutments.

Figure 3: The design of the implant superstructure
will be BioHPP or TRINIA framework which is
veneered by composite resin crown

Another scan was made for the restorative
frameworks with the desktop scanner, and full
contour veneering right maxillary first premolar
crowns were designed using CAD software
program. Composite resin blank (visio.lign;
bredent, Germany) was used to fabricate the
sixteen veneering crowns. The crowns were
checked individually for their passive fit on the
restorative framework. The BioHPP and TRINIA
restorative  framework were prepared for
cementation to the veneering crowns using
Visio.link adhesive system (Bredent
GmbH&Co0.KG Senden. Germany).

The Titanium abutments were airborne particles
abraded by 110 um Al,Os particles prior to
cementation, then a coat of primer (MKZ primer,
Bredent GmbH & Co. KG, Germany) was applied
on the abutment and light-cured.

The adhesive surfaces of the cores were airborne-
particle abraded with 50-um Al,O3 particles for 15
seconds at a 10-mm distance by an airborne-
particle abrasion unit (Basic Classic; Renfert, USA)
with a pressure of 0.25 MPa perpendicular to the
bonding surface. (35) They were primed using
Visio.link primer, then light-cured as well. Each
superstructure (framework and veneering crown)
was then cemented to the titanium abutment by
using an adhesive (DTK adhesive, Bredent
GmbH&Co.KG Senden. Germany).

2.4. Load application and strain measurement
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Two channels were drilled on the buccal and
palatal surfaces of the polyurethane blocks at the
implant site, leaving 2mm block thickness covering
the implant. Two strain gauge rosettes (Kyowa
Electronic Instruments, Japan) were bonded using
cyanoacrylate adhesive on the buccal and palatal
reduced surfaces of the polyurethane blocks at the
level of implant neck where the maximum stress
concentration was found [32]. The strain gauge
wires were attached to a data acquisition board
(Kyowa sensor interface PCD-300A, Japan)
installed on a desktop computer. The microvoltage
output was adjusted into microstrain via software
(PCD 300A; Kyowa Electronic Instruments Co.,
Ltd.) to give a direct reading. A calibration
experiment to the gauges was performed prior to
strain measurements to examine the reproducibility
of force readings and the gauges’ linearity.

A universal testing machine (Lloyd instruments LR
5K, USA) was used to apply axial and oblique
static loads on the first premolar crown. Each block
was attached to the lower part of the universal
testing machine by using 90 degrees custom-made
jig, allowing for perpendicular force application to
the occlusal plane to simulate the axial load during
function. For oblique load application, a 45-degree
oblique direction custom-made jig was used. At a
constant rate, a single point of 100N static load was
applied to the center of the occlusal surface of the
crown (Figure 4).

Each measurement was repeated three times for
each specimen; the maximum and minimum
principal strains were obtained with at least 5
minutes recovery time.

i y . / ; .b
Figure 4: Universal testing machine was used to
apply axial static load (100N) at a constant rate, (a)
axial force was applied to central fossa of the
crown, (b) oblique force was applied to central
fossa of the crown.

2.5. Statistical Analysis

Normality was checked for all variables using
descriptive  statistics, plots (histogram and
boxplots), and normality tests. All variables
showed normal distribution, so means and standard
deviation (SD) were calculated, and parametric
tests were used. Comparisons between the two
study groups (BioHPP vs. TRINIA) and the two
subgroups (axial vs. oblique) were done by using
independent samples t-test, while a comparison
between the buccal and palatal areas around the
implant was done by using paired t-test. Three-way
ANOVA was used to assess the effect of
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superstructure material (BioHPP vs. TRINIA), load
(axial vs. oblique), and area (palatal vs. buccal) on
the strain development around implants. Adjusted
means, 95% confidence intervals (CI), and
estimates of effect size (n2) were calculated.
Significance was inferred at p value <.05. Data
were analyzed using IBM SPSS for Windows
(Version 23.0).

RESULTS

Student t-test in table 1 showed that BioHPP group
showed significantly greater microstrain values
than TRINIA group during different load
applications (axial and oblique) at both buccal and
palatal areas (p <.001).

Table 1: Comparison of strain developed in the
two study groups (BioHPP-TRINIA)

Strain at the palatal and buccal areas in the two
study groups at different load directions

Palatal (n =8)  Buccal (n=8) Paired t-test
P value
Mean (SD)
BioHPP Axial load 402.36 (35.29) 435.54
(38.55) 0.06
Oblique load 535.49 (27.42) 653.15

(25.57) <.001*

T-test P value <.001* <.001*

TRINIA Axial load 204.65 (22.29) 210.43
(22.08) 0.10

Oblique load
(14.47) <.001*

325.34 (13.49) 453.93

T-test P value  <.001* <.001*

Table 2: Comparison of strain developed in the
two study groups (BioHPP-TRINIA)

Strain at the palatal and buccal areas in the two
study groups after axial and oblique load

BioHPP (n=8) TRINIA (n=8) T-test

p value
Mean (SD)
Axial load Palatal area 402.36 (35.29)
204.65 (22.29) <.001*
Buccal area 435.54 (38.34) 210.43
(22.08) <.001*
Oblique load  Palatal area 535.49 (27.42)
325.34 (13.49) <.001*
Buccal area 653.15 (27.57)  453.93

(14.47) <.001*

Table 2 highlighted that oblique loads resulted in
significantly higher microstrain values (p<.001)
than axial loads in both groups on both surfaces.
Paired t-test showed no significant difference
between buccal and palatal microstrain values in
both groups when axial load was applied (p= .06
and p= .10) for BioHPP and TRINIA groups,
respectively). Conversely, when the oblique load
was applied, the microstrain values at the buccal

Alexandria Dental Journal VVolume 48 Issue 2 Section B

127




Kandeel.et.al

surface were significantly higher than the palatal
surface (p<.001) in each study group.

Table 3 highlighted the effect of each parameter on
strain development around the implants. It was
shown that the three study parameters
(superstructure material type, load direction and the
area subjected to load) had a significant effect on
strain  development, however the type of

DISCUSSION

It has been challenging for the practitioner to
decide which restorative material can transmit
fewer stresses. The current research attempted to
compare the strain developed by TRINIA and
BioHPP as implant-supported superstructures.
According to the results, the null hypothesis was
rejected.

The comparison conducted between Trinia and
BioHPP as both are polymer based materials that
reduce impact force on implants more than dental
ceramics [36]. Different reinforcement types for the
two materials make them have different mechanical
properties as TRINIA is glass fiber reinforced
polymer while BioHPP is ceramic particles
reinforced polymer. The modulus of elasticity of
TRINIA and BioHPP are comparable to human
dentin and bone respectively that may lead to
uniform stress distribution and reduce the strain
developed on the peripheral bone [23,37,38].
Composite resin veneering was used for improved
shock absorption and damping behavior compared
with ceramic materials. Therefore they have the
ability to dissipate the elastic strain energy [39,40].
The applied load was selected to be ranging from 0
to 100 N as it was below the maximum human
masticatory forces [21]. The advanced CAD-CAM
technology was used as it has specific criteria for
successful dental restorations [41]. Because strain
gauges provide quantitative data, they were used to
evaluate the strain development in the present
study. It was also sensitive, precise, and repeatable
during testing [27].

TRINIA group showed significantly lower
microstrain values than the control BioHPP group.
That might be due to the differences in internal
structure between the two materials. TRINIA is a
glass fiber reinforced polymer, while BioHPP is a
ceramic-reinforced polymer. The relatively low
density of the glass fibers in TRINIA enables the
material to maintain reinforcement strength
properties over a wide range of conditions [30, 31].
Moreover, nano-particle fibers improve the
material’s  mechanical  properties, including
compressive strength, which is 347 MPa [44].

The elastic modulus of the glass fibers is much
higher than that of the matrix polymer. Therefore,
forces are mainly directed to the glass fibers, and
this has a major role in spread of most of the strain
developed before reaching the outer surface (45).
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superstructure material showed the highest 72
(0.90) when compared to load direction and the
area of applied load (n2=0.87 and 0.52,
respectively).

Strain at the palatal and buccal areas in the two
study groups after axial and oblique load
application

Furthermore, the filler shape plays an important
role in stress control as BioHPP has spherical
ceramic particles. The spherical-shaped particles
might increase stress concentration more than the
multidirectional glass fibers of the TRINIA. These
glass fibers have a high surface area and are
presented in a wavy appearance that helps in
decreasing stress through its propagation along the
fibers [46]. In addition, the small inter-particle
space may help in producing less strain localization
[47]. This results in minimal stress transmission to
the implant and the surrounding bone.

In addition to that and corroborating the results of
this study, Jovanovic et al. [23] reported that glass-
fiber reinforced resin-based materials reduced the
impact of functional load on the implants up to
50% compared to ceramic reinforced resin-based
materials. Also Omaish et al [48] reported that the
strain developed around dental implants with 15
and 25 degree angled abutments was significantly
lower with TRINIA than BioHPP.

During function, dental implants are subjected to
loads with different magnitudes and directions.
Considering the load direction, Eric et al. [35] and
Chang et al. [36] reported that oblique loads caused
higher stress concentration than axial loads in the
implant surrounding bone. This is harmonious with
the current results showing that the microstrain
values recorded during oblique load application
were significantly higher than those recorded
during axial load application for both groups
(TRINIA and BioHPP) at both buccal and palatal
areas. This is because axial loads can be
compressive on implants, while oblique loads can
lead to torsional and lever forces resulting in
greater strain and fatigue than the axial one (50).
Results of the current study showed that there were
no significant differences between buccal and
palatal microstrain values in both groups when the
axial load was applied. That might be due to the
load being applied in the central fossa and then
divided into the buccal and palatal cusps, so there
was no stress concentration on one side more than
the other [38].

Meanwhile, the buccal microstrain values were
significantly higher than the palatal ones during
oblique load application in both TRINIA and
BioHPP groups as the load direction was from the
palatal to the buccal area. Hence, forces were more
concentrated on the buccal side. These results
agreed with Kaleli et al. [21] , who applied oblique
loads directed to the palatal cusp, and reported
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higher stress concentration on the palatal side. On
the contrary, in our study, the oblique load was
directed to the buccal cusp, resulting in higher
stress concentration on the buccal side. This can
explain the significant increase in microstrain
values at the buccal surface in both study groups.
Moreover, it also clarifies the non-significant
difference between buccal and palatal microstrain
values in case of axial load application [38].

The main limitation of the current study is that it
did not completely simulate the oral cavity
condition. Also, additional long term clinical
evaluations are necessary to confirm the current
results. The polyurethane blocks have particular
bone density and cortical thickness that were
homogeneous and isotropic that did not correspond
to clinical reality.

CONCLUSION
Based on the study findings and considering the
limitations, the following conclusions were drawn:
TRINIA superstructure material reduced the
amount of strain developed around dental implant
when compared to BioHPP. The microstrain
recorded during oblique load application was
higher than that recorded during axial load. The
amount of strain developed is higher in the area
where the load is directed.
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