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Fracture analysis of CAD-CAM high-density polymers used for
interim implant-supported fixed, cantilevered prostheses
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CT
of problem. The load-to-fracture performance of computer-assisted design and computer-assisted manufacturing (CAD-CAM)

ty polymer (HDP) materials in cantilevers is unknown.

he purposes of this in vitro study were to evaluate the load-to-fracture performance of CAD-CAMefabricated HDPs and to compare
erformance of autopolymerized and injection-molded acrylic resins.

nd methods. Specimens from 8 different brands of CAD-CAM HDPs, including Brylic Solid (BS); Brylic Gradient (BG); AnaxCAD Temp
naxCAD Temp Plus (AP); Zirkonzahn Temp Basic (Z); GDS Tempo-CAD (GD); Polident (Po); Merz M-PM-Disc (MAT); an
erized acrylic resin, Imident (Conv) and an injection-molded acrylic resin, SR-IvoBase High Impact (Inj) were evaluated for load-
analysis (n=5). CAD-CAM specimens were milled from poly(methyl methacrylate) (PMMA) blocks measuring 7 mm in
al width, 8 mm in occlusocervical thickness, and 30 mm in length. A wax pattern was prepared in the same dimensions used
M specimens, flasked, and boiled out. Autopolymerizing acrylic resin was packed and polymerized in a pressure container for
. An identical wax pattern was flasked and boiled out, and premeasured capsules were injected (SR-IvoBase) and polymerized
raulic pressure for 35 minutes for the injection-molded PMMA. Specimens were thermocycled 5000 times (5�C to 55�C) and
universal testing machine to receive static loads on the 10-mm cantilever, vertically at a 1 mm/min crosshead speed until
curred. Maximum load-to-fracture values were recorded. ANOVA was used to analyze the maximum force values. Significant
among materials were analyzed by using the Ryan-Einot-Gabriel-Welsch multiple range test (a=.05).

atistically significant differences were found among load-to-fracture values of different HDPs (P<.001). GD and Po materials had
y higher load-to-fracture values than other materials (P<.001), and no statistically significant differences were found between
. The lowest load-to-fracture values were observed for autopolymerized and BG materials, which were significantly lower than
D, Po, AE, AP, Z, MAT, Inj, and BS. The load-to-fracture value of autopolymerized acrylic resin was not significantly different
f BG CAD-CAM polymer.

s. GD and Po CAD-CAM materials had the highest load-to-fracture values. AE, AP, Z, MAT, and BS CAD-CAM polymers and
olded acrylic resin had similar load-to-fracture values, which were higher than those of BG and autopolymerized acrylic
polymerized acrylic resin load-to-fracture value was similar to that of BG CAD-CAM polymer, which is colored in a gradient
Interim complete-arch polymer prostheses on immedi-
ately or conventionally loaded implants have become a
common and successful treatment option.1-3 These
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Clinical Implications
Clinicians should carefully select CAD-CAM PMMA
blocks when planning cantilevered fixed
implant-supported prostheses because blocks of
different brands vary in strength. Clinicians may
prefer Tempo-CAD and Polident materials for
particularly long-term interim fixed restorations
with cantilevers to minimize the risk of framework
fracture.
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the implants and prepare the arch for the definitive
prosthesis.4 The success of the interim prosthesis de-
pends on several factors, including the ability of the initial
prosthesis to withstand masticatory forces, particularly in
cantilevers.2,5-7

Conventionally, these prostheses have been fabri-
cated from laboratory processed poly(methyl methacry-
late) (PMMA), and fractures have been reported.2,5-11

Therefore, interim restorations should have sufficient
mechanical strength to withstand the forces encountered
during their clinical service.2,12 Fracture strength is an
important parameter related to the mechanical strength
and rigidity of the material.13,14 The fracture strength of
interim materials is especially important in the rehabili-
tation of long spans, immediate loading, and cantilevered
segments and also when the materials are used over an
extended time or in patients with parafunctional
habits.14-19

Recently, manufacturers have introduced computer-
assisted designecomputer-assisted manufacture (CAD-
CAM) high-density polymers (HDP) as an interim
material.13,20,21 HDPs are unfilled materials with different
mechanical properties depending on monomer and
chemical composition and have a highly cross-linked
structure.18,20 According to the manufacturers, these
materials offer advantages over autopolymerized interim
resins.13,22 HDPs may also simplify the production of
interim restorations with easy machining and without the
need for reinforcement with fibers or metal wires.18,23

HDPs are marketed by several different manufac-
turers in CAD-CAM blocks, which vary in cost.18 Even
though these materials from different manufacturers are
recommended for the same purpose, no clear informa-
tion is available as to differences, particularly in light of
the significant variation in pricing.

Although studies of the strength of definitive pros-
thetic materials can be found, the authors are unaware of
any study of load-to-fracture performance of cantilevered
interim prostheses fabricated by using recently intro-
duced HDPs. The purpose of this study was to investigate
the load-to-fracture of CAD-CAM HDPs with a canti-
lever. The null hypothesis tested was that different
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CAD-CAM HDPs and autopolymerized and injection-
molded PMMAs would have similar load-to-fracture
values in a cantilever.

MATERIAL AND METHODS

Five specimens were prepared from 8 different brands of
CAD-CAM HDPs, including: AnaxCADTemp EZ (AE);
AnaxCADTemp Plus (AP); Brylic Gradient (BG); Brylic
Solid (BS); GDS Tempo-CAD (GD); Merz M-PM-Disc
(MAT); Polident (Po); Zirkonzahn Temp Basic (Z); an
Imident autopolymerized acrylic resin (Conv) and an
injection-molded PMMA material, SR-IvoBase High
Impact (Inj) for a loading test (n=5) (Table 1, Fig. 1).
Specimens measured 7 mm in buccolingual width by
8 mm in occlusocervical thickness by 30 mm in length,
with a 10-mm cantilever-loading distance (8×7×30 mm).
HDPs were CAD, using standard tessellation language
(STL) files, and milled using a CAD-CAM milling ma-
chine (M1 Milling Unit; Zirkonzahn).

A polyvinyl siloxane mold (Elite HD; Zhermack) was
prepared from the previously prepared CAD-CAM
specimens for the wax pattern for autopolymerized and
injection-molded acrylic resin specimens. The same di-
mensions were checked by using a digital caliper (NB60;
Mitutoyo American Corp). The wax patterns were flasked
and boiled out for the fabrication of the autopolymerized
acrylic resin specimens. The liquid-to-powder ratio was
filled according to the manufacturer’s recommendations,
and the mixture was packed under pressure (250 kPa)
and polymerized in a pressure container (Vertex Polycure
25; Vertex Dental) for 30 minutes. For the fabrication of
injection-molded PMMA specimens, the wax patterns
were flasked using injection-mold flasks and boiled out.
Premeasured capsules (SR Ivocap Injection System; Ivo-
clar Vivadent AG) were mixed, injected, and polymerized
under hydraulic pressure for 35 minutes (600 kPa at
100�C). The flasks were cooled under running water for
10 minutes at 600 kPa and cooled for an additional 10
minutes without pressure according to the manufac-
turer’s recommendations. After deflasking, the flash was
removed with an acrylic resin bur. The specimens were
thermocycled 5000 times (5�C to 55�C) in a water bath
with a 30-second dwell time.

Frameworks from all groups were fixed by using a
clamp attached to the first 20 mm of each specimen to
obtain a 10-mm cantilever. The load frame was oriented
to contact the framework 2 mm away from the end of the
specimen before the load application. Static loading was
set at a 1 mm/min crosshead speed by using a biaxial
servohydraulic load frame and a universal testing ma-
chine (Instron Model 1321; Instron) (Fig. 1).19 The load
was applied in a vertical direction to the frameworks until
fracture occurred, and the maximum load-to-fracture
values were recorded (N). The flexural strength of each
Yilmaz et al



Figure 1. Static loading of frameworks attached to universal testing
machine.

Table 2. Flexural strength calculated in current study and reported by
manufacturer

Material Code

Flexural Strength
Calculated in
the Current
Study (MPa)

Flexural Strength
Reported by the

Manufacturer (MPa)

AnaxCAD Temp EZ AE 99 100

AnaxCAD Temp Plus AP 93 100

Brylic Gradient BG 74 >120

Brylic Solid BS 91 >120

GDS Tempo-CAD GD 129 114

Imident
autopolymerized
acrylic resin

Conv 70 >70

IvoBase high impact Inj 101 >60

Merz M-PM-disc MAT 89 91.5-96.6

Polident PMMA Po 124 114

Zirkonzahn Temp
basic

Z 92 100

Table 1.Materials tested

Material Material Composition Code Lot No. Manufacturer

AnaxCAD Temp EZ Poly(methyl methacrylate) AE 51450 Anaxdent

AnaxCAD Temp Plus Multilayer poly(methyl methacrylate) AP 44713 Anaxdent

Brylic Gradient 5 color layers of poly(methyl methacrylate) BG 51304 Sagemax Bioceramics, Inc

Brylic Solid Solid disks of poly(methyl methacrylate) BS 35128 Sagemax Bioceramics, Inc

GDS Tempo-CAD Poly(methyl methacrylate) GD 003 GDS Dental GmbH

Imident autopolymerized acrylic resin Poly(methyl methacrylate) without cadmium Conv 16053 Imicryl

IvoBase high impact Modified poly(methyl methacrylate) copolymer Inj N10685 Ivoclar Vivadent AG

Merz M-PM-disc Highly cross-linked filler and fiber-free organic modified polymer network MAT 11815 Merz Dental GmbH

Polident PMMA Poly(methyl methacrylate) with inorganic pigments Po Z4848449 PoliDent

Zirkonzahn temp basic Poly(methyl methacrylate) Z 2739 Zirkonzahn SRL
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material was calculated and compared with the respec-
tive value published by the manufacturer. The flexure
formula used was: sx=

M y
Izz
, where M is the bending

moment, y is the distance to the neutral axis, and Izz is the
moment of inertia. In this case, the specimen has a
simple rectangular cross-section, so the moment of
inertia was: Izz= 1

12wh
3, where w and h are the width and

thickness of the beam. This type of beam (one with a
rectangular cross section) has a neutral axis located in the
center of the specimen’s cross-section; therefore, y=h/2.
For a cantilever beam with a point load (F) a distance L
from the boundary, the bending moment isM=FL, where
L is the cantilever length. For this test series, the pa-
rameters used to compute the flexural strength were:
specimen width (w=7.0 mm), specimen thickness
(h=8.0 mm), distance to neutral axis (y=h/2=4.0 mm), and
cantilever length (L=8.0 mm), the experimentally
measured maximum load being F. According to Young
and Budynas,24 this beam is a beam of “relatively great
depth” or a beam with a span-to-depth ratio less than 3.
The span-to-depth ratio in this experiment was 1. For
these beams, the transverse shear stresses are not
Yilmaz et al
negligible but are not included in the calculations re-
ported in Table 2. There is evidence that the transverse
shear stresses are not overwhelming the axial bending
stresses, because the calculated stress values from the
current study agree quite well (in most cases) with the
manufacturers’ reported flexural strength (Table 2).

The means ± 95% confidence limits of the maximum
load-to-fracture for each material studied was deter-
mined by using a software program (SAS 9.3 Software;
SAS Institute Inc). Maximum force values were analyzed
by using a 1-way analysis of variance (ANOVA), with any
significant difference resolved using the Ryan-Einot-
Gabriel-Welsch multiple range test (a=.05 for all tests).

RESULTS

The frameworks fractured at average loads ranging from
789 to 1380 N (Fig. 2), and the means were found to be
significantly different (P<.001). The mean maximum
load-to-fracture values for GD and Po were significantly
higher than those of all other materials, whereas no
statistically significant differences between GD and Po
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 2. Mean ±95% confidence limits, shown as open rectangles
centered on each mean, of maximum load-to-fracture values for all
acrylic resins. AE, AnaxCAD Temp EZ; AP, AnaxCAD Temp Plus; BG, Brylic
Gradient; BS, Brylic Solid; Conv, Imident; GD, GDS Tempo-CAD; Inj, SR-
IvoBase High Impact; MAT, Merz M-PM-Disc; Po, Polident; Z, Zirkonzahn
Temp Basic.
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were found. All statistically significant differences among
the means of these materials are noted in Figure 2. The
flexural strength of the materials as calculated and as
reported by the manufacturers are provided in Table 2.

DISCUSSION

The null hypothesis of this study was rejected because
significant differences were found among the different
acrylic resin groups tested. According to the results of this
study, Po and GD sustained significantly higher fracture
loads than the other groups, and autopolymerized acrylic
resin and BG CAD-CAM polymer required the lowest
loads to fracture. Flexural strength values for groups were
also calculated, with some specimens having higher and
some lower flexural strength values than those reported
by their manufacturers (Table 2).

For one manufacturer, the strength of a solid block
was higher (BS) than that of their gradient block (BG).
However, another manufacturer’s solid and layered
blocks (AE and AP) had similar load-to-fracture values.
In terms of flexural strength, the solid blocks for this
manufacturer (AE) had higher flexural strength compared
with its layered version (AP). In 2 groups of specimens by
the same manufacturer, the reason for the smaller load-
to-fracture values observed with the gradient-colored
group might have been due to the difference in the
materials’ structure and manufacturing process; the
gradient blocks have a layered structure.

An interim prosthesis can be used in the short or long
term, until the definitive restoration fabrication is
THE JOURNAL OF PROSTHETIC DENTISTRY
completed.19,21 Long-term interim prostheses are
generally used for implantation treatments, periodontal
surgeries, and maxillofacial rehabilitations where the
prosthesis could be subjected to functional loading.2-5

Given the esthetic demands of patients during the
osseointegration of implants and the improvements in
the nonparallel implant concepts, interim prostheses are
often used and designed with posterior cantilevers.4

Cantilever length is a critical issue in the design and
fabrication of interim complete-arch prostheses. Because
of bending moments, loading cantilevers increases the
loads distributed to implants,6 and increased loads are
associated with increased prosthetic complications.7,8 In
many studies, the existence of a cantilever is listed as a
risk factor for prosthetic complications.8,22 Although
some studies5,6 define maximum cantilever length in
order to decrease potential biomechanical complications,
the optimal material that should be used to minimize
prosthetic complications with cantilevered interim
complete-arch prostheses remains controversial.

Despite the improvements in restorative materials
and techniques, fracture is a complication commonly
seen in a cantilevered implant-supported complete, fixed
dental prosthesis.17 Clinical studies have investigated the
effect of material type on prosthetic complications.3

Drago et al16 reported the prosthetic complication rate
for interim prostheses as 17.1% and less than 1% for
definitive prostheses. In that study, the interim pros-
theses were fabricated from acrylic resin, and the defin-
itive prostheses were fabricated from milled titanium
frameworks layered with acrylic resin. Difference be-
tween the complication rates of these prostheses may be
related to the different material types.16

Francetti et al10 investigated the incidence of biolog-
ical and prosthetic complications in 86 patients treated
with implant-supported, immediately loaded, complete-
arch restorations supported by axially placed and tilted
implants for nearly 112 months. They reported that
fracture of the interim restoration was seen in 8.1% of
cases (3.1% in mandible, 8.9% in maxilla).10 Fracture
often occurs because of stress concentration during
functional or parafunctional activities or because of
fabrication errors such as voids during prosthesis fabri-
cation.21 The specimens in the current study fractured
where the stresses were concentrated.

Coelho et al25 investigated the stress distribution in
the cantilever area of 3 different types of 5eimplant-
supported mandibular prosthesis (interim acrylic resin,
metal-acrylic, metal-ceramic). The authors reported that
the interim acrylic resin model showed the highest stress
values on the working side and advised reinforcement
with a metal bar.25 Malo et al3 investigated immediately
loaded, complete-arch acrylic resin prostheses in 30 pa-
tients for 2 years and reported that 9 prostheses fractured
and were repaired.
Yilmaz et al
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Goldberg et al8 investigated the force-to-failure at the
cantilever area of 4eimplant-supported, complete-arch,
fixed dental prosthesis consisting of nonreinforced,
heat-activated, polymerized acrylic resin, acrylic resin
reinforced with glass fiber, or titanium-reinforced acrylic
resin. The authors reported that the titanium reinforce-
ment showed the best resistance to fracture (1653 ±274
N), whereas fiber reinforcement (1401 ±124 N) provided
better biomechanical properties than those in the non-
reinforced (1073 ±108 N) group. The force-to-failure
value found in the study by Goldberg et al.7 was similar
to the values calculated for some CAD-CAM blocks in
the current study.

In recent years, HDPs have been suggested for use in
long-term interim restorations because of their long-term
stability and favorable mechanical properties.13,20 The
application of HDPs also offers new treatment options,23

especially in complex treatments, implant re-
constructions, and immediate loading protocols.18,23

Rayyan et al11 investigated the fracture resistance and
material properties of CAD-CAMefabricated interim res-
torations and conventionally fabricated interim restora-
tions. They reported that CAD-CAMefabricated interim
restorations are feasible for long-term use because they
offer better mechanical properties than conventionally
fabricated crowns.11 The current study results also
demonstrated that almost all HDPs, except for 1 group,
required higher load-to-fracture values than conventional
autopolymerized acrylic resin. Differences among the
fracture load values of the HDPs may be due to some
potential differences in their chemical compositions.
Interim PMMA-based fixed implant-supported prosthe-
ses should be fabricated using polymers that have suffi-
cient strength to prevent fractures at the cantilevers.

Gibbs et al26 reported a mean maximum clenching
force of 462 N (range, 98 to 1031 N) in adults with tooth
loss. In participantswithout tooth loss, themean clenching
force was 720 N and ranged between 244 and 1243 N.
Braun et al27 reported the average clenching strength as
738 N, which ranged between 342 and 1280 N. Chong
et al28 measured the average occlusal forces in 20 healthy
elderly and young adults and reported that the average
occlusal force of elderly adults was 420.5 N and 541.4 N in
young adults. According to these in vivo studies of
different cohorts of patients and in vitro experiments,
acrylic resin fracture is a common prosthetic complica-
tion,9 and material selection is important to minimize the
complications and the likelihood of fracture when paraf-
unctional habits are considered.23 Although themaximum
clenching forces reported in the previous studies were
higher than those of some materials tested in the current
study (BS, BG, AE, AP, Z, MAT, Inj, Conv), the mean
clenching forces were lower than the loads recorded in the
current study. Therefore, clinicians may prefer Po and GD
CAD-CAMHDPs for interim fixed restorations, especially
Yilmaz et al
with cantilevers and patientswith parafunctional habits, to
minimize the risk of framework fracture. The results of this
study suggest that clinicians should carefully select the
CAD-CAM PMMA blocks when planning cantilevered
fixed implant-supported prostheses because blocks from
different brands vary in strength.

As static loads were applied in this study and results
maybedifferentwhencyclic loads are applied, the results of
the current study should be interpreted accordingly. The
dimensions of the prostheses may vary depending on the
severity of bone loss and occlusal vertical dimension,
particularly in patients with maxillofacial reconstructions
when the prostheses thicknesses and widths may be
greater relative to those with no maxillofacial defects. In
some clinical situations and because of some interocclusal
clearance limitations, the framework/prosthesis thickness
and/or width may need to be smaller than the dimensions
used in this study. In the selection of prosthetic material,
the load-to-fracture values may decrease when interim
restorative materials are used for implant-supported, can-
tilevered, fixed prostheses because the thickness of the
material may decreasewhere the framework connects with
the implant abutment. Complications such as screw loos-
ening, fracture, and abutment failuremay also occur before
or alongwith framework fracture. Nevertheless, the results
of the current study should allow clinicians to make a
relative comparison among systems tested for load-to-
fracture performance under standardized conditions.
Long-term clinical studies and additional well-designed
laboratory studies are required for the selection of optimal
material for the cantilevered interim fixed restorations.

CONCLUSIONS

Within the limitations of this in vitro study, the following
conclusions were drawn:

1. The maximum load-to-fracture values of CAD-
CAM high-density polymer materials varied with
different brands.

2. GD and Po high-density polymers fractured at the
highest loads compared with other groups.

3. Autopolymerized acrylic resin load-to-fracture
values were similar to those of BG CAD-CAM
polymer and lower than all the other CAD-CAM
polymers and injection-molded acrylic resin tested.
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