A I - A : Z H AR The Official Publication
of The Faculty of Dental

Dental Journal o

F

o T G i r 1 s Cairo, Egypt.

ADJ-for Grils, Vol. 4, No. 4, October (2017) — PP. 395:407

Fracture Resistance and Retention of Metal-Free Inlay Retained
Fixed Partial Dentures

Roqaia M. Al Assar ', Mohammed A. Al yasky ¥, Mona H. Mandour ®and Rania A. Amin®

Codex : 46/1710

dentaljournal forgirls@yahoo.com

ABSTRACT

Statement of the problem: Conservative esthetic restorative dentistry has become
an essential component in modern clinical practice. However, the inlay retained fixed
partial dentures (IRFPDs) have a higher risk of fracture and dislodgement due to
minimal preparations. Purpose: to compare fracture resistance and retention of Lithium
disilicate (IPS e.max) and Polyetheretherketone (BioHPP) IRFPDs fabricated with
heat-press technique and CAD/CAM system. Materials and Methods: Forty models,
each including extracted mandibular 2™ premolar and 2™ molar embedded in an epoxy
resin block with 10 mm intra-abutment distance representing missing mandibular 1%
molar were constructed. The premolar and molar of each model received standardized
class II inlay preparations. The constructed models were randomly divided into four
groups; Group (1): IPS e.max Press IRFPDs, Group (2): IPS e.max CAD IRFPDs,
Group (3): BioHPP Granulates IRFPDs, and Group (4): breCAM.BioHPP IRFPDs.
All IRFPDs were cemented using RelyX Ultimate adhesive resin cement. Samples
were stored for 24 hours in distilled water at 37°C, and then thermocycled for 5000
cycles. Universal testing machine was used to measure fracture and dislodging loads.
Samples were examined for determination of failure mode using a magnifying lens.
Results: The statistically significant highest mean dislodging load value was obtained
in IPS e.max Press IRFPDs, followed by IPS e.max CAD, with the least value recorded
in breCAM.BioHPP. In contrast, breCAM.BioHPP IRFPDs revealed the statistically
significant highest mean fracture load value, followed by BioHPP Granulates, while
the least mean fracture value was recorded in IPS e.max Press. Most failure occurred
in IPS e.max groups was connector fracture, while in BioHPP groups was plastic
deformation. Conclusions: Retention and fracture resistance of metal-free inlay-
retained bridges are significantly affected by both; material type and construction
method. BioHPP has significant advantages for dental applications because of higher
fracture resistance and better stress distribution. The bond strength at IPS e.max/ resin
cement interface is considered a reliable bond presenting better retention to IRFPDs.
Being a brittle material, connector fracture is the predominant failure mode of IPS
e.max IRFPDs; however, BioHPP has low elastic modulus showing plastic deformation
as a predominant failure mode.

AW N =

Assistant Lecturer of Crowns & Bridges, Faculty of Dentistry (Girls Branch), AlAzhar University.
Professor of Operative Dentistry, Dean of Faculty of Dentistry, Sinai University.

Professor of Crowns and Bridges, Faculty of Dentistry (Girls Branch), AlAzhar University.
Associate Professor of Crowns and Bridges, Faculty of Dentistry (Girls Branch), AlAzhar University.



(396) ADJ-for Grils, Vol. 4, No. 4

INTRODUCTION

In current dental practice, the treatment
philosophy is based on the least invasive approach,
whereby intact tooth tissues are conserved as
much as possible . Therefore, if fixed partial
denture (FPD) is indicated and enough sound
tooth structure is available, it would be desirable
to restore a missing tooth with an inlay-retained
fixed partial denture (IRFPD) instead of a crown-
retained FPD to minimize the amount of tooth loss
during preparation ®. These treatments have several
advantages over conventional bridges, especially in
relation to conservation of tooth structure and their

reversibility @,

There are various extensive studies comparing
the compatibility of IRFPDs as opposed to crown
retained FPDs, to which it states that IRFPDs can
be safely used as an alternative “7. However, the
IRFPDs have a higher risk of dislodgement and
fracture due to minimal preparations . Moreover,
there are limited studies on the mechanical strength
and retention of these restorations.

Nowadays, monolithic lithium disilicate is
considered the material of choice selected by
many clinicians for construction of many types
of restorations even IRFPDs in the posterior sites
provided that appropriate case selection, favorable
occlusion and short span length is guranteed . The
popular widespread diffusion in the daily practice of
monolithic lithium disilicate restorations is a result
of three main reasons. The first; the possibility of
manufacturing low thickness restorations adhesively
bonded to the dental substrate (i.e. achieve the
minimally invasive approach with excellent
adhesion properties and excellent esthetics) “?. The
second; being a monolithic restoration, there is a
reduction in technical complications like chippings
and fractures frequently reported in posterior
areas!"!¥_ In addition, according to some in vitro
studies!'*1® monolithic lithium disilicate crowns and

FPDs, either CAD/CAM or heat-pressed, are more

Rogaia M. Al Assar, et al.

resistant to fatigue fracture compared to bilayered,
hand veneered ones, showing higher fracture loads
comparable to the metal-ceramic restorations. The
third; several in-vitro studies (719 used lithium
disilicate in construction of posterior IRFPDs (i.e.
beyond the manufacturer’s recommendation) and
compared them to zirconia-based IRFDPs. Although
the higher load-bearing capacities for zirconia-based
IRFDPs, one clinical study reported a high failure
rate (20%) mainly related to debonding, major
chipping of the veneering ceramic, and framework
fracture during an observation period of only 12
months ®°. It was concluded that a fracture-resistant
framework material is not the only factor ensuring
clinical success of all-ceramic IRFPDs; but tooth
preparation and framework design of IRFPDs seem
to be of high relevance @".

Moreover, the long-term clinical performance
of 3-unit, monolithic lithium disilicate FPDs was
studied not only for replacement of anterior teeth
or premolars (as suggested by the manufacturer) but
also for missing molars (beyond the manufacturer’s
recommendations) D, After 5 years, the survival
and 91.1% for
anterior and posterior FPDs, respectively, and

and success rates were 100%

then they were reduced after 10 years to 87.9%
and 69.8%, respectively. Considering that 10- year
survival rates of 87.0 to 89.2% have been reported
for the metal-ceramic FPDs by some systematic
reviews322 Kern et al "V stated that the monolithic
lithium disilicate can be regarded as a promising
candidate to replace metal-ceramics for short span
freestanding bridges. Their mechanical performance
is multifactorial, strongly related to shape of the
microstructure and size and radius of the connectors
among other factors!').

Yamaner et al ® studied the effect of material
type and fabrication technique on fracture resis-
tance of adhesively luted inlay restorations. It was
concluded that CAD/CAM-fabricated lithium disil-
icate ceramic inlays have higher fracture resistance
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values compared to heat-pressed fabricated lithium
disilicate ceramic.

BioHPP, a
(PEEK) containing 20% ceramic fillers has recently
been introduced in dentistry Y. In addition to

modified polyetheretherketone

excellent biocompatibility, good wear resistance,
good polishing properties, and low plaque affinity;
BioHPP has good mechanical properties enabling
it to be used as a viable alternative to ceramic
restorations®?%, The major advantage of this
material is a 4-GPa modulus of elasticity, making
it as elastic as bone, allowing it to act as a stress
breaker and reduce the forces transferred to the
restoration and the tooth root accordingly @7,

Stawarczy et al @ studied the influence of
different fabrication methods of 3-unit reinforced
polyetheretherketone FDPs on fracture load and
failure type. It was concluded that milled PEEK
FPDs displayed advantages over FPDs pressed
from granular PEEK. PEEK reinforced with other
inorganic fillers can be potentially used as crown
and bridge material. Industrial pre-pressing of
blanks (CAD/CAMY/ pellet) increases the stability
and reliability of PEEK restorations.

With the introduction of different materials with
different mechanical, physical and microstructural
properties to construct FPD; it was important to
experiment constructing posterior IRFPD using
these innovative materials and techniques, hoping
that this will compose a foundation for a successful
prognosis of this type of restoration based on their
advantages previously illustrated.

Therefore, the present study included two main
materials (lithium disilicate glass ceramic and
modified polyetheretherketone); both differ widely
in their elastic moduli (95+5 and 4 GPa respectively)
as two alternatives to zirconia based ceramics
aiming to reduce common failures recorded with
IRFPD. The null hypothesis tested was that material
type and construction method have no influence on
retention and fracture resistance of IRFPDs.
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MATERIALS AND METHODS

To conduct the present study, 80 freshly extracted
human teeth (40 mandibular 2nd premolars and
40 mandibular 2nd molars), were selected in
accordance with guidelines from research ethics
committee approval of Faculty of Dental Medicine
for Girls, Al Azhar University. The teeth were rinsed
thoroughly under running water, cleaned and stored
in 0.1% thymol solution.

1. Models construction

Forty models (N=40), each including a premolar
and a molar embedded in an epoxy resin block with
10 mm intra-abutment distance representing missing
mandibular 1* molar were constructed according to
the following procedure:

A mandibular 1* molar of 10 mm mesio-distal
width was selected to keep the intra-abutment
distance constant among the samples. Putty
consistency of Zeta plus (3M ESPE, Seefeld,
Germany) was mixed and placed in the premolar-
molar region of a prefabricated plastic dental arch
(Elbana, Alexandria, Egypt). By the aid of a dental
surveyor (Snowdent, Guangdong, China) the teeth
were embeded into the impression mix in the
plastic dental arch in a parallel position and at the
same occlusal level. After rubber base setting, the
mandibular 1% molar was removed and its socket
was closed by remodeling wax (El-Kods Waxes
Co. Egypt). An occlusal index was taken by putty
consistency of Zeta plus (3M ESPE, Seefeld,
Germany). The mandibular 2™ premolar and 2™
molar were removed from the plastic dental arch
and placed into their corresponding positions in
the index. A sheet of remodeling wax was wrapped
around the borders of the index and sealed with
sticky wax (El-Kods Waxes Co. Egypt). After
boxing, epoxy resin (East Coast Resin, USA) was
mixed following manufacturer’s instructions and
poured into the index on a vibrator. After epoxy
resin setting, the boxing wax was removed and the
rubber base index was separated from the epoxy
resin model. The procedure was repeated to obtain
40 models (N=40).
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2. Teeth preparation:

The premolar and molar of each model
received standardized class II inlay preparations,
in accordance with general principles for ceramic
inlay restorations®”.

Cavity preparation guidelines:

Centroid milling machine (CNC, Milling
machine, USA) with two diamond stones selected
from the Inlay/Onlay preparation Kit (Zhengzhou
Smile Dental Equipment Co, China) was used to
perform standardized preparations. The occlusal
cavity occupied bucco-lingually (3+1 mm/4+l
mm) and mesio-distally (51 mm/7+1 mm) for the
premolar/molar abutments, respectively. The depth
was adjusted at 2mm measured from central groove.
Proximal cavity was extended with flared buccal and
lingual walls (4mm/ Smm) for the premolar/ molar
abutments, respectively. The proximal box was 4
mm long and 1.5mm deep. Occlusal divergence
angle was set at 10°- 12°. Cavosurface margins were
finished in butt joints with no bevels. Internal line
and point angles were rounded. Prepared dentin was
sealed with an adhesive system (Single bond, 3M,
ESPE, USA) to prevent contamination.

3. Samples’ Grouping:

After teeth preparation, the constructed models
(N=40) were randomly divided into four groups
according to material type and construction method;
Group (1): IPS e.max Press IRFPDs, Group (2): IPS
e.max CAD IRFPDs, Group (3): BioHPP Granulates
IRFPDs, and Group (4): breCAM.BioHPP IRFPDs.

4. IRFPDs construction:

To standardize the constructed IRFPDs among
1-CAD/CAM milled wax
patterns were used for construction of pressed
IRFPDs. 2-The design used for the construction of
CAD/CAM wax patterns was followed during the
construction of CAD/CAM IRFPDs.

the tested groups;
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4.a: Construction of IRFPDs using Press technique,
Group (1) and Group (3):

Construction of 20 CAD/CAM wax patterns:

CAD/CAM Roland machine (Roland DG
Corporation. Japan), was used for milling twenty
IRFPDs wax patterns using CAD/CAM wax discs
(Dental CAD/CAM Wax-On White disc, On Dent,
Germany), according to the following procedure:

Each constructed model was sprayed with light
reflecting powder (Occlutec, Scanspray. Renfert
GmBh. USA), and secured on the tray of Smart
Optics -3D- Scanner (Activity 850 3D Scanner,
Germany), for taking the optical impression. Data
were transferred to the computer connected to
the milling machine to start designing. The fully
anatomical IRFPD design was formed according
to the manufacturer’s directions and software
recommendations including; 30 mm die spacer,
modified ridge-lap pontic and 4x4 mm? connector
dimensions with rounded 0.6mm radius of curvature
at the gingival area ©°*Y. Milling of wax patterns
was then activated.

24.a.i. Construction of IPS e.max Press IRFPDs,
Group (1):

Ten IPS e.max Press IRFPDs were constructed
using the following procedure: 1) Spruing of 10
CAD/CAM wax patterns, 2) Investing using IPS
PressVest investment material (Ivoclar Vivadent,
Schaan, Liechtenstein, Germany) according to
the manufacturer’s instructions, 3) Preheating
the investment ring and Alox plunger in the
conventional preheating furnace (Apex, USA),
4) Wax elimination, 5) Pressing in EP600 press
furnace (Ivoclar, Schaan, Germany), 6) Divesting,
finishing and polishing according to manufacturee’s
instructions, and 7) Examination of IPS e.max
Press IRFPDs using magnifying lens (10X, Optics
Co, Ltd, Beijing, China) and checking for complete
seating on their corresponding models.



Fracture Resistance and Retention of Metal-Free Inlay Retained Fixed Partial Dentures

24.a.ii. Construction of BioHPP Granulates
IRFPDs, Group (3):

BioHPP  Granulates IRFPDs
constructed by heat-pressing technique using the

Ten were
same procedure used for construction of IPS e.max
Press IRFPDs, with the following exceptions; 1)
Brevest for 2 press (For2press, Bredent, Germany)
was the investment material, and 2) The “for 2
press” unit (For2press, Bredent, Germany) was
used for pressing process.

24.b: Construction of IRFPDs using CAD/CAM
system, Group (2) and Group (4):

24.b.i. Construction of IPS e.max CAD IRFPDs,
Group (2):

Ten IPS e.max CAD IRFPDs were constructed
from IPS e.max CAD blocks using the same
procedure and systems used for scanning, designing
and milling of CAM/CAM wax patterns. After
milling, the bridges were inserted into the Programat
Furnace (P300) (Ivoclar Vivadent, Germany) in
which crystallization process took place, according
to manufacturer instructions.

24.b.i. Construction of breCAM.BioHPP IRFPD:s,
Group (4):

Ten BioHPP IRFPDs were constructed from
breCAM.BioHPP blanks using the same procedures
and systems used for scanning, designing and
milling of CAM/CAM wax patterns and IPS e.max
CAD IRFPDs.

2.5. Cementation of IRFPDs:

All samples were cemented using RelyX
Ultimate resin cement after surface conditioning of
tooth structure and intaglio surfaces of constructed
IRFPDs, in accordance with their respective
manufacturers’ instructions.

Surface treatment of tooth structure by etching
for 15seconds with Blue Etch (36% phosphoric
acid, StalowaWola, Polska) then rinsing, drying,
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and bonding (Single Bond, 3M, ESPE, Germany).
Conditioning of IPS e.max IRFPD cementation
surfaces by etching for 20 seconds using IPS
Ceramic Etching Gel (5% HF acid, Ivoclar Vivadent,
Liechtenstein) then washing, drying, and bonding
(Single Bond adhesive, 3M, ESPE, Germany).
For BioHPP IRFPDs, the cementation surfaces of
inlay retainers were abraded with aluminium oxide
(110 pm, Bredent, Senden, Germany), then cleaned
with distilled water in an ultrasonic unit (Bredent,
Senden, Germany) and gently air dried. A layer of
Single Bond adhesive was applied and allowed to
react for 20 seconds.

After cementation, samples were stored for 24
hours in distilled water at 37°C, then thermocycled
in automatic thermal cycling machine (Ropota,
automated thermo- cycling, Turkey) for 5000 cycles
in two water baths at 5 and 55°C.

2.6. Testing Procedures:

First: Retention test: Half number of samples
in each subgroup (n=5, N=20) was subjected to
retention test using universal testing machine
(Model LRX-plus; Lloyd Instruments Ltd., UK)
with a loadcell of 5 kN. Data were recorded
using computer software (Instron® Bluehill Lite
Software). The bridge was suspended from the upper
movable compartment of the machine by double
orthodonic wire loop engaging the mesial and the
distal connectors. A tensile load with pull out mode
of force was applied until total dislodgment of the
bridge.

Second: Fracture resistance test: The other half
number of samples in each subgroup (n=5, N=20)
was subjected to fracture resistance test by applying
a compressive mode of load at the pontic ¥ using
a metallic rod with round-tip (5.8 mm diameter)
attached to the upper movable compartment of
the testing machine traveling at cross-head speed
of Imm/min. with 0.5 mm-thick tin foil sheet in-
between to achieve homogenous stress distribution
and minimize the transmission of local force peaks.
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3. Failure mode assessment

The fractured samples were examined for deter-
mination of failure mode using a magnifying lens
(10X, Optics Co, Ltd, China). The failure mode was
assessed based on previous publication 2, as fol-
lows; Type (1): Connector fracture, Type (2): inlay
retainer fracture, Type (3): Plastic deformation of
bridge without fracture, Type (4): Fracture of abut-
ment tooth/teeth including cracks and/or cusp frac-
tures, Type (5): Severe fractures of abutment tooth/
teeth that extend beneath the CEJ, and Type (6):
Combined failure in bridge and abutment tooth/teeth.

4. Statistical analysis

Data was presented as means =+ standard
deviations. Unpaired t test was used to compare both
materials using the same construction method, as
well as to compare both construction methods using
the same material. One way analysis of variance
(ANOVA) test was used to compare all subgroups.
This was followed by Tukey’s post hoc test when
ANOVA revealed a significant difference.

RESULTS
1; Statistical analysis of dislodging load values:

A- Effect of material:

Higher mean dislodging load values (N)
were recorded in IPS e.max groups, namely;
IPS e.max Press (Groupl) and IPS e.max CAD
(Group 2) compared to BioHPP groups, namely;
BioHPP Granulates (Group 3) and breCAM.
BioHPP (Group 4), with a statistically significant
difference (p<0.0001) in both Press and CAD/CAM
constructed groups. Table (1)

B- Effect of construction method:

Higher mean dislodging load values (N) were
recorded in Press constructed groups, namely; IPS
e.max Press (Group 1) and BioHPP Granulates
(Group 3) compared to CAD/CAM constructed
groups, namely; IPS e.max CAD (Group 2) and
breCAM.BioHPP (Group 4), respectively, with
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a statistically significant difference between the
groups in both materials (p<0.0001). Table (2)

C-Effect of both variables:

Comparing all groups together revealed that the
highest mean dislodging load value was obtained in
IPS e.max Press (Group 1), followed by IPS e.max
CAD (Group 2), with the least value recorded in
breCAM.BioHPP (Group 4). ANOVA test revealed
that the difference between groups was statistically
significant (P<0.0001). Table (3)

2nd; Statistical analysis of fracture load values:

A- Effect of material:

Higher mean fracture load values (N) were
recorded in BioHPP groups, namely; BioHPP
Granulates (Group 3) and breCAM.BioHPP (Group
4) compared to IPS e.max groups, namely; IPS e.max
Press (Group 1) and IPS e.max CAD (Group 2),
with a statistically significant difference (p<0.0001)
in both Press and CAD/CAM constructed groups.
Table (4)

B- Effect of construction method:

Higher mean fracture load values (N) were
recorded in CAD/CAM constructed groups,
namely; IPS e.max CAD (Group 2) and breCAM.
BioHPP (Group 4) compared to Press constructed
groups, namely; IPS e.max Press (Group 1) and
BioHPP Granulates (Group 3), respectively, with
no significant difference between IPS e.max groups
(1 & 2) (p=0.1891), and a statistically significant
difference between BioHPP groups (3&4)
(p=0.049). Table (5)

C-Effect of both variables

Comparing all groups together revealed that the
highest mean fracture load value was obtained in
breCAM.BioHPP (Group 4), followed by BioHPP
Granulates (Group 3), while the least mean value
was recorded in IPS e.max Press (Group 1). ANOVA
test revealed that the difference was statistically
significant (P<0.0001). Table (6)
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3rd; Mode of failure analysis: Table (4): Mean fracture load +SD (N) and
. . comparison of different materials using the same
The most common failure mode occurred in IPS P ] f hﬂ 4 od g
e.max groups (1 and 2) was connector fracture (i.e. construction method (unpaired test).
Type 1 mode qf failure), \thlle. in BioHPP groups Mean fracture
(3 and 4), plastic deformation (i.e. Type 3) was the Groups load+SD (N) tvalue | Pvalue
predominant failure mode. Table (7) (1) IPS e.max Press 476.8712248 42
; ; 3) BioHPP Granul 600.56387.53 | 0103 | 0.001%
Table (1): Mean dislodging load + SD (N) and |®)Bio ranulates 563+87.
comparison of different materials using the same |(2)1PSemax CAD 510.3544+60.61
. . ; 50542 | <0.0001%
construction method (unpaired test). (4) breCAM.BioHPP 684.693+90.69 <
Significance level P<0.05, *significant
Mean dislodging
Groups load +SD (N) | tvalue | Pvalue Table (5): Mean fracture load +SD (N) and
(1) IPS e.max Press 275 849743576 comparison of different construction methods
- 7.4837 <0.0001* (unpaired test).
(3) BioHPP Granulates 182.7167+16 .43
(2) IPS e.max CAD 238.3544+40.32 G Mean fracture ¢ val Pval
73240 | <0.0001%* roups load+SD (N) value value
(4) breCAM BioHPP 140.5104212.61
(1) IPS e.max Press 476.8712+48.42
Significance level P<0.05, *significant (2) IPS e.max CAD 510354426061 | 13649 | 0.1891ns
Table (2): Mean dislodging load +SD (N) and |®) BioHPPGranulates | 600.563+87.53 S 108 | 0040
comparison of different construction methods |(4)breCAM.BioHPP 684.693+90.69 ' '
(unpaired test). Significance level P<0.05, *significant
: +
. Mean dislodging | o Table (.6) Me(.m fracture {oad SD (N) a'nd
roups load +SD (N) value | Yvalue comparison of different materials and construction
(1) IPS e.max Press 27584973576 methods (ANOVA test).
22001 | 0.0411%
(2) IPS e.max CAD 2383544240 32 Groups Mean fractre | |
L valu valu
(3) BioHPP Granulates | 182.7167+16.43 load+SD (N)
, 6.4442 | <0.0001% (1) IPS e.max Press 476.8712c +48 .42
(4) breCAM BioHPP 140.5104+12.61
(2) IPS e.max CAD 5103544 #6061 | | oo
Significance level P<0.05, *significant (3) BioHPP Granulates | 600.563b +87.53
Table (3): Mean dislodging load +SD (N) and | breCAMBioHPP 684.693a £90.69

comparison of different materials and construction

methods (ANOVA test).
Mean dislodgi
Groups lf):ll :;I(; (il;l & F value | Pvalue
(1) IPS e.max Press 275.8497a £35.76
(2) IPS e.max CAD 238.3544b +40.32 | 42 845 <0.0001*
(3) BioHPP Granulates | 182.7167c £16.43
(4) breCAM . .BioHPP 140.5104d +12.61

Significance level P<0.05, *significant

Tukey’s post hoc test: means with different superscript

letters are significantly different.

Significance level P<0.05, *significant

Tukey’s post hoc test: means with different superscript
letters are significantly different.

Table (7): Failure mode assessment using
magnifying lens after fracture resistance test.
Groups Mode of Failure
Type 1 | Type 2 | Type 3 | Type 4 | Type 5 | Type 6
(1) IPS e.max Press 3 0 0 1 0 1
(2) IPS e.max CAD 4 1 0 0 0 0
(3) BioHPP Granulates 0 0 4 0 1 0
(4) breCAM BioHPP 0 0 3 1 1 0
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DISCUSSION

Although the concept of IRFPD is not new, the
general opinion about the prognosis and functionality
of such restoration is far from being clear ®» and
this had limited its use to highly selective cases
making clinicians reluctant in presenting IRFPDs
as a restorative option for their patients. However;
careful case selection, design preparation, and
treatment planning can improve the clinical success
of IRFPD. Moreover, with the fast expanding field
of esthetic restorative materials and techniques;
the prognosis of the conservative IRFPD could be
improved.

A growing demand is rising for selection of
zirconia-based ceramics that have fracture strength
high enough to withstand posterior physiologic
loads ©¥.

challenge in bonding, in addition to delamination

However, zirconia still presents a
and microcracks of the veneering ceramic material
are the most long-term failures observed and
reported 3%, Marginal discrepancies and marginal
gaps of the CAD/CAM zirconia frameworks are
frequently recorded ©4*®. Moreover, CAD/CAM
zirconia framework requires 6 to 8 hours for
sintering and often discourages the delivery of the
restoration within the same visit 7. Besides wear
of opposing enamel and lack of translucency ©¥,
zirconia with an elastic modulus of 210 GPa would
not be considered the absolute best choice for
IRFPD construction, although the fact that there is
no material can fulfill the whole criteria of success.
Moreover, low temperature degradation (LTD), or
“aging”, of zirconia causing detrimental changes
in the mechanical behavior, and exposing zirconia
frameworks to the risk of spontaneous catastrophic
failure 4.

For proper selection of IRFPD’s material, it
is necessary to know to what extent this material
can resist dislodging forces without debonding and
withstand masticatory forces without fracture, thus
both forces had to be studied.
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To conduct the present study, forty IRFPDs
(N=40, n=10) were fabricated in accordance with
their manufacturers’ instructions. For heat-press
constructed IRFPDs, CAD/CAM wax patterns
were designed and milled then used to achieve
standardization with CAD/CAM IRFPDs.

In the present study, full-contoured (monolithic)
IRFPDs were designed to exclude the risk of
veneering material fracture and/or chipping during
testing procedures. The connector dimensions were
4x4 mm? with rounded broader radius of curvature
(0.6mm) at the gingival area to enhance fracture
resistance of the restoration according to multiple
studies C03138),

The statistically significant highest
dislodging load value was recorded in IPS e.max
Press IRFPDs, followed by IPS e.max CAD, with
the significantly least mean value recorded in
breCAM.BioHPP, table (3). Therefore, the null
hypothesis was rejected.

mean

Regarding the material type, table (1), the
significantly higher dislodging load values recorded
for IPS e.max groups (1 and 2) compared to
BioHPP groups (3 and 4) could be attributed to the
different pre-cementation conditioning protocols
of each material and the mechanism of bonding at
restoration/cement interface 2. In the present study
two surface conditioning protocols were followed
as recommended by the respective manufacturers.
The difference in bond strength could be explained
on the basis of the surface morphology created by
surface conditioning®. In Huang et al®® study
using SEM; the lithium disilicate surfaces etched
by HF acid were shown to be more irregular and
significantly rougher than the samples conditioned
with sandblasting. HF acid can attack the glass phase
of ceramics, partially dissolving it and creating
microporous retention by exposing areas of lithium
disilicate crystals that make up the crystalline
phase“®). The increased surface roughness is
likely to have contributed to the micromechanical
retention between the adhesive and the ceramic*?.
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bond
strength of lithium disilicate to resin cements after
HF conditioning “0-42),

Several studies demonstrated superior

Additionally, IPS e.max has a higher elastic
modulus (95+5 GPa) and according to Braga et
al“?; the higher elastic modulus, the higher bond
strength. Moreover; due to the lower thermal
expansion of IPS e.max (10.5 x 10-6 K-1) compared
to BioHPP (194 x 10-6 K-1), IPS e.max has higher
thermal shock resistance “¥. The higher the thermal
shock resistance of the restoration, the less bond
deterioration at restoration/ cement interface during
thermocycling®?, hence the more stable bond
strength and vice versa.

Regarding the construction method, table (2), a
significantly higher dislodging load was recorded
in samples constructed using Press technique; IPS
e.max Press and BioHPP Granulates (Groups 1 and
3) compared to CAD/CAM constructed samples,
IPS e.max CAD and breCAM.BioHPP (Groups 2
and 4).

Prochnow et al “® reported that ceramic etching
is a dynamic process, and its impact is dependent
on the substrate constitution, substrate surface
topography, in addition to acid concentration, and
etching period. Hence, pre-pressed industrially
manufactured blocks of e.max CAD and BioHPP
resisted surface conditioning by HF acid and
sandblasting respectively,

more than pressed

materials.

In general, retention is known to be influenced by
different parameters: the abutment size and surface
roughness, cement type, cementation technique,
preparation design and degree of divergence “74%.
The exact degree of ideal divergence for the walls
has been a subject of debate “®. The contribution of
these factors makes comparison between results of
different studies difficult.

The fracture resistance test indicates the force (in
Newtons) at which the sample fails. In the present
study, values from 476 to 684 N were recorded for all
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tested groups, table (6). Different testing methods
and the difficulty in measuring masticatory forces
resulted in a wide range of force values. Saridag et
al @9 reported that the highest bite force is found in
the first molar region and the posterior FPDs should
be strong enough to withstand a load of 500 N.

Assuming maximum mastication forces of about
500 N @9 in posterior areas, the breCAM.BioHPP
and BioHPP Granulates IRFPDs (Groups 3 and 4)
represented adequate safety margins. Results of
IPS e.max CAD (Group 2) were critical recording
a mean value of 510 N. While, IPS e.max Press
(Group 1) showed a lower fracture force than 500
N (476 N) suggesting that it is unable to withstand
extreme occlusal forces in the posterior region.

On the other hand, some authors reported stress
applied on a restoration during mastication may
range between 441-981 N, 245-491 N, 147-368
N, and 98-270 N in the molar, premolar, canine,
and incisor regions, respectively “*%. Therefore,
according to these values, it is advisable to use
BioHPP and IPS e.max anywhere in the oral cavity
away from molar region. In any case, the results
of the present study were considerably lower if
compared to those ranges of molars. This could
be attributed to the following three reasons. First,
the difference in the inter-abutment distances
which affects fracture load ©V. The inter-abutment
distance varied between 7 and 15 mm in different
studies 7203192 It was reported that the fracture
resistance of IRFPD was reduced by about 25%-—
35% when the inter-abutment distance was increased
from 7 to 11mm GV, Second, the difference in pontic
forms and cusp morphology may also affect the
fracture strength “”. Third, masticatory forces are
not only axial, as applied in such test methods.
Thus; a direct comparison between in-vivo and in-
vitro chewing force measurement is difficult .

In the present study, the breCAM.BioHPP
IRFPDs revealed the significantly highest mean
fracture load value, followed by BioHPP Granulates,
with the significant least value recorded in IPS e.max
Press, table (6). Therefore, the null hypothesis was
rejected.
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Regarding the material type, table (4), BioHPP
IRFPDs (Groups 3 and 4) showed statistically
significant higher fracture load than IPS e.max
IRFPDs (Groups 1 and 2). Both materials showed
extremely different behavior under fracture load
as a result of their different elastic modulus. The
low elastic modulus of BioHPP resulted in fewer
stresses in the corresponding inlay retainers. Thus,
during load application, the BioHPP IRFPDs
demonstrated higher resilience with more absorption
of load, which consequently increased the fracture
resistance ©°°¥. On the other hand, the relatively
low fracture resistance results of IPS e.max IRFPDs
can be attributed to the brittleness of the material.

These findings were confirmed by Brunton et
al®¥ and Vallittu et al ®” who concluded that flexible
restorative materials are preferable to ceramic
materials because of their resiliency, repairable
properties and equivalent fracture resistance.

Due to its intrinsic brittle behavior, lithium
disilicate ceramics suffer from fatigue failure during
load application?. That is why the predominant
failure mode recorded in IPS e.max IRFPDs was
Type 1 (i.e. connector fracture). On the other hand,
BioHPP material has higher bending tendencies
compared to the more brittle ceramic materials due
to the low elastic modulus ©¥. Therefore, BioHPP
IRFPDs showed plastic deformation rather than
fracture ©®. That is why the predominant failure
mode of BioHPP IRFPDs was Type 3 (i.e. plastic
deformation). Table(7)

Regarding the construction method, table (5),
a higher fracture load was recorded in CAD/CAM
constructed IRFPDs compared to Press constructed
ones. In IPS e.max groups; IPS e.max CAD showed
higher fracture load compared to IPS e.max Press.
The reliability of industrially prefabricated ceramic
blocks appears to be more consistent than laboratory
manually processed ceramics ©?. According to
Quinn®®, fractures in brittle materials, such as
ceramics, initiate from pre-existing defects on the
surface or within the bulk of the ceramic material,
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and propagate under excessive tensile stress.
However, the statistical difference was insignificant.

In BioHPP groups, breCAM.BioHPP showed a
significant higher fracture load compared to BioHPP
Granulates. BioHPP Granulates is the raw material
being extruded into BioHPP pellets and breCAM.
BioHPPblanks. After the industrial manufacturing of
BioHPP, the pellets, in contrast to breCAM.BioHPP
blanks, are heated in an oven to be pressed into their
final forms. Due to the modified amorphous and
crystalline ratio, material properties can be greatly
influenced >, explaining the significant difference
between the two subgroups.

These findings were confirmed by Yamaner
et al® who stated that the higher fracture force
of CAD/CAM restorations may be the result of
optimized industrial manufacturing conditions and
subsequent minimal voids and volume defects.

The limitation of the present study is that no
mechanical loading was applied as part of artificial
aging process, which would have provided insight
into its negative effects on studied properties.
Nevertheless, manufacturer suggested the use of
IPS e.max Press and IPS e.max CAD to remain
limited to the anterior and premolar regions.
Several in-vitro studies used lithium disilicate glass
ceramic for construction of posterior IRFPDs and
full coverage FPD ©°7%%_ Since the aim of the
present study was to compare the effects of different
materials and construction methods rather than to
assess the clinical performance, providing standard
conditions for all test materials would be enough
for evaluation. Thus, the inherent limitations in this
study should be considered particularly because
posterior lithium disilicate IRFPDs cannot be
recommended for clinical application.

CONCLUSIONS

Within the limitations of the present study, the
following could be concluded: 1) Retention and
fracture resistance of metal-free inlay-retained
bridges are affected by both; material type and
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construction method. 2) BioHPP has significant

advantages for dental applications because of higher

fracture resistance and better stress distribution.

3) The bond strength at IPS e.max/ resin cement
interface is considered a reliable bond presenting
better retention to IRFPDs. 4) Being a brittle
material, connector fracture is the predominant

failure mode of IPS e.max IRFPDs; however,

BioHPP has low elastic modulus showing plastic
deformation as a predominant failure mode.
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