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ABSTRACT
Aim: There is little information considering the framework
association between cast clasps and attachments. The aim of
this study was to evaluate the retention strength of frameworks
match circumferential clasps and extra resilient attachment cast
in three different alloys (cobalt-chromium, nickel-chromium
titanium and commercially pure titanium), using two undercut
(0.25 and 0.75 mm) and considering different period of time
(0, 1/2, 1, 2, 3, 4 and 5 years).
Methods: Using two metallic matrices, representing a partially
edentulous mandibular right hemiarch with the first molar crown,
canine root and without premolars, 60 frameworks were
fabricated. Three groups (n = 20) of each metal were cast and
each group was divided into two subgroups (n = 10), corresponding
the molar undercut of 0.25 mm and 0.75 mm. The nylon male
was positioned at the matrix and attached to the acrylic resin of
the prosthetic base. The samples were subjected to an insertion
and removal test under artificial saliva environment.
Results: The data were analyzed and compared with ANOVAs
and Tukey’s test at 95% of probability. The groups cast in cobaltchromium and nickel-chromium-titanium had the highest mean
retention strength (5.58 N and 6.36 N respectively) without
significant difference between them, but statistically different
from the group cast in commercially pure titanium, which had
the lowest mean retention strength in all the periods (3.46 N).
The association frameworks using nickel-chromium- titanium
and cobalt-chromium could be used with 0.25 mm and 0.75
mm of undercut, but the titanium samples seems to decrease
the retention strength, mainly in the 0.75 mm undercut. The
circumferential clasps cast in commercially pure titanium used
in 0.75 mm undercuts have a potential risk of fractures, especially
after the 2nd year of use.
Conclusion: This in vitro study showed that the framework
association between cast clasp and an extra resilient attachment
are suitable to the three metals evaluated, but strongly suggest
extra care with commercially pure titanium in undercut of
0.75 mm.
Clinical significance: Frameworks fabricated in Cp Ti tend to
decrease in retentive strength over time and have a potential
risk of fracture in less than 0.75 mm of undercut.
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INTRODUCTION
The overdentures are defined as complete or partial
removable dentures, which cover roots or osseointegrated
implants restoring the dentition.8 The maintenance of roots
or the use of implant in the removable partial overdentures
(RPO) therapy offers several advantages such as less root
mobility, better stability and retention, retards bone
resorption, the patient can chew better comparable to the
conventional complete dentures and leads to a strong
psychological value for some patients.3,7 The choice of a
potential abutment teeth or implant for RPO is based on the
prognosis, location in the arch and framework design.25 The
retention of an RPO is achieved through clasps, adhesive
attachments, crowns, and fixed partial dentures (FPD) with
intra or extracoronal attachments, telescopes, root caps, and/
or prefabricated intraradicular retainers.16,25
Considering the use of intraradicular retainers as the
treatment option, the placement of resilient attachment for
distal extension for RPO indicated minimal component
wear, no radiographic evidence of excessive bone loss, and
stable peri-implant soft tissue1,5,6,25 and increase patient
satisfaction.13
Gold type IV and cobalt-chromium (Co-Cr) are among
the most frequently used alloys to cast removable partial
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denture (RPD) and RPO frameworks. However, there is still
a need to develop a material with ideal properties for
fabricating RPD/RPO. The use of titanium (Ti) has then
gained popularity.10,12,15,17 Characteristics, such as its
biocompatibility, corrosion-fatigue resistance, low cost
compared with gold alloys and desirable physical and
mechanical properties, have contributed to the increased
use of commercially pure Ti(Cp Ti) and its alloys.9,23,24 For
mechanical properties stand point, the Ti-based alloys
present low modulus of elasticity: 105-120 GPa (http://
en.wikipedia.org/wiki/Young’s_modulus). This characteristic
allows Ti-based frameworks to be designed using larger
retentive undercut areas than recommended for Co-Cr
alloys, being therefore more advantageous in clinical
scenarios where esthetics and/or periodontal health are
priorities.2,20 Its important to note that with higher retention
levels, Cp Ti frameworks may become deformed and
fatigued when subjected to repeated stress.20,21
Literature is unclear regarding the retentive force
generated using undercuts for RPO circumferential clasps
as a function of different framework alloys. Lower retentive
force values has been shown in previous study19 using Tibased circumferential clasp framework located in retentive
undercuts of 0.25 mm and 0.50 mm when compared to CoCr alloys. Contrary to this findings, another report 11
demonstrated that Ti-Ni alloy clasp might be suitable for
removable prosthodontic restorations as a result of
significantly lower loss of retention observed than the
retention forces recorded for clasps casted in Co-Cr, gold
and wire.
Notwithstanding, the data considering the cast
framework association between cast circumferential clasp
and resilient attachment are scant, and there is no
comparison available in the literature considering the
interplay of Co-Cr, nickel-chromium-titanium (Ni-Cr-Ti)
and Cp Ti alloys with 0.75 mm retentive undercut for RPOs.

A

B

Considering the scenario of sprouting Ti alloy use for
removable frameworks, this study sought to evaluate and
compare the retentive strength of resilient attachment on
root-clasp association for RPO frameworks using three
different alloys (Co-Cr, Cp Ti and Ni-Cr-Ti) and two levels
of retentive undercuts subjected to various removalplacement cycles as a function of time. Three research
hypothesis were tested:
1. Lower retentive strength is to be expected for Ti-based
RPO frameworks as a result of its lower modulus of
elasticity.
2. Higher retentive strength is to be expected whenever
more retentive undercuts are used for circumferential
clasps.
3. The number of removal-placement cycles is inversely
proportional to the retentive strength values regardless
the framework alloy and retentive undercut used.
MATERIALS AND METHODS
Two Co-Cr alloy (Star Loy C ® Degudent, Dentsply,
Petropolis, Brazil) matrices representing a mandibular
partially edentulous hemiarch segment with first molar
crown and root canine were fabricated with retentive
undercuts of 0.25 mm and 0.75 mm (Fig. 1A) at the distalcervical-buccal aspect of the molar crown. Guide planes in
the mesial and lingual sides of the crown and occlusal-mesial
rest seat were also created. The canine root presented a
conical format with 10 mm of length to receive a surveyed
Ni-Cr (Fit Cast - SB Plus®, Talladium Inc, CA, USA) cast
post (ERA System®, Sterngold-Implamed, Attleboro, EUA)
that was cemented with zinc phosphate cement (Zinc
Cement, SS White, Rio de Janeiro, Brazil) (Fig. 1A).
The matrices were positioned in a surveyor, relieved
with wax to facilitate the frameworks fabrication, duplicated
in silicone (Silicone Master, Talladium Inc, CA, USA) and
poured them with the respectively investment. Forty casts

C

Figs 1A to C: This figure presents the matrixes (A) with 0.25 mm (solid black arrow) and 0.75 mm (opened black arrow) retentive
undercuts used for sample preparation. Segmented black arrows point the male component of the attachment duplicated in the matrixes.
(B) shows X-ray images of a flawless RPO framework. (C) Segmented white arrows in evidence a flaw present on the clasp of a rejected
RPO framework. Note: B and C X-ray reference guide for framework quality evaluation
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Table 1: Metal alloy and investment manufacturer, alloy composition (%)
Metal alloy manufacturer

Alloy composition (%)

Investment manufacturer

Co-Cr, Fit Flex®, Talladium Inc, CA, USA
Ni-Cr-Ti, Vi- Star®, Talladium Inc, CA, USA
Cp Ti, Realum, São Paulo, Brazil

Co-60; Cr-29; Mo-6.2; Si<1; Mn<1; C<1
Ni-72; Cr-17; Mo-4.5; Ti-6
N-0.008; C-0.03; H-0.001; Fe-0.21;
O2-0.18; Ti-Bal

Micro Fine 1700®, Talladium Inc, CA, USA
Micro Fine 1700®, Talladium Inc, CA, USA
Rematitan Plus®, Dentaurum, Pforzheim,
Germany

were obtained using Micro Fine 1700® investment (Micro
Fine, Talladium Inc, CA, USA) for Co-Cr (n = 20) alloy
(Fit Flex®, Talladium Inc, CA, USA) and Ni-Cr-Ti (n=20)
alloy (Vi- Star®, Talladium Inc, CA, USA) frameworks. The
other twenty casts were obtained utilizing Rematitan Plus®
investment (Rematitan Plus, Dentaurum, Pforzheim,
Germany) for Cp Ti (Realum, São Paulo, Brazil) framework
(Table 1).
Prefabricated wax patterns of the circumferential clasps
(Clasps to molar MK, Dentaurum, Pforzheim, Germany)
were positioned on the investment casts using a thin layer
of adhesive (Wax Fix, Dentaurum, Pforzheim, Germany).
Plastic pins (50 × 5 mm) were positioned on the retention
meshes parallel to the path of insertion using a surveyor to
act as sprues for casting the alloys to permit the proper fixation
of the samples in the testing apparatus. The casting rings were
poured with the same investments used previously in
accordance with the manufacturer’s instructions.
A total of 60 frameworks were fabricated,18,24 distributed
into three groups (n = 20 per group of each alloy) and

subdivided into two subgroups (n = 10 per subgroup) of
0.25 and 0.75 mm of undercut to be tested. All specimens
were examined radiographically (Figs 1B and C) for possible
casting defects.20,22 If any flaw was observed, the specimen
was discarded and replaced for a new framework (Fig. 1C).
Sixty prosthetic acrylic (Vipi Flash, VIPI Ind Com,
Pirassununga, Brazil) bases were fabricated on prosthetic
space of the frameworks to join the resilient components of
the ERA® system (ERA System®, Sterngold-Implamed,
Attleboro, EUA) cemented in the canine roots (Fig. 2A). A
black patrix was positioned over the female matrix and
captured in the acrylic resin prosthetic base (Pattern Resin,
GC Corporation, Tokyo, Japan). The patrix were then
switched for gray color patrix to provide adequate retention
(Fig. 2B).4,5
The frameworks were subjected to a cyclic insertionremoval test performed with 40 cycles/minute at a constant
speed of 35.79 mm/s in a wet environment at 37 ± 5°C (Cyclic
Testing Apparatus, Ribeirao Preto School of Dentistry, São
Paulo University) (Figs 2C and D). Total of 5400 cycles

A

C

B

D

Figs 2A to D: Series of images of sample preparation and test set-up utilized in this investigation. Black asterisks (in all images) lay on
the pink acrylic base. Opened black arrow in image (A) points to the tip of the clasp positioned into the retentive undercut. Segmented
black arrow evidences metallic rod used for specimen fixation during mechanical testing. Black arrow in (B) demonstrates resilient
attachment embedded into the acrylic base, (C) shows the sample placed onto matrix ready to be cyclically placed and removed on the
matrix as shown in (D).
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were performed corresponding to 5 years in service.1,12,23,24
The retentive strength values were captured at cycle one
and after 540, 1080, 2160, 3240, 4320 and 5400 removalplacement testing cycles (corresponding to 1/2, 1, 2, 3, 4,
and 5 years respectively in service) using data acquisition
software (Lab View 8.0, National Instruments, Austin,
USA).
The statistical analyses were performed using Two-Way
Anova and Tukey’s test for group comparisons (SPSS 12.0
software SPSS Inc, Chicago, IL, USA).
RESULTS
Analyses of the Groups Independent of
Retentive Undercuts
The comparisons between the three groups are presented in
the Table 2. Groups Co-Cr and Ni-Cr-Ti showed the highest
mean retention strength (5.58 N and 6.36 N respectively)
with no statistical difference (p > 0.05) between those two.
Lowest retention strength (3.46 N) was observed for group
Cp Ti (p < 0.05) considering all periods evaluated.
Analyses of the Groups Considering
all Variables
The Graph 1 presents the analysis of the retention strength
and performance over the time of each design (type of
framework alloy as a function of retentive undercut). No
statistical difference (p > 0.05) in retentive strength was
found between Co-Cr and Ni-Cr-Ti both retentive undercuts
subgroups regardless the number of cycles. Cp Ti group
with retentive undercut of 0.75 mm showed lowest retentive
strength value (p < 0.05).

Table 2: Mean value and standard deviation of retention strength
(N) in each group considering the different period of time analyzed
and independent of the undercut level
Groups—cycles (period)

Mean value
(N)

Standard
deviation

5.65
6.02
3.69

2.06
2.84
1.32

0.002

5.66
6.47
3.86

1.81
3.13
1.08

0.001

5.52
6.59
3.76

1.88
3.32
0.95

0.001

5.55
6.42
3.66

1.92
3.20
1.01

0.001

5.67
6.39
3.45

1.96
3.22
0.98

< 0.001

5.58
6.31
3.04

1.85
3.20
1.04

< 0.001

5.47
6.35
2.80

1.98
3.37
1.22

< 0.001

Initiation
Co-Cr
A B
Ni-Cr-Ti
A B
Cp Ti
C
540 cycles (half year)
Co-Cr
A B
Ni-Cr-Ti
A B
Cp Ti
C
1080 cycles (1 year)
Co-Cr
A B
Ni-Cr-Ti
A B
Cp Ti
C
2160 cycles (2 years)
Co-Cr
A B
Ni-Cr-Ti
A B
Cp Ti
C
3240 cycles (3 years)
Co-Cr
A B
Ni-Cr-Ti
A B
Cp Ti
C
4320 cycles (4 years)
Co-Cr
A B
Ni-Cr-Ti
A B
Cp Ti
C
5400 cycles (5 years)
Co-Cr
A B
Ni-Cr-Ti
A B
Cp Ti
C

*p-value

Mean—Average total
Ni-Cr = 5.58
(considering all periods) Ni-Cr-Ti = 6.36
Cp Ti = 3.46
*Analysis of Variance—ANOVA. Same capital letters in each first
column indicate the nonsignificant difference between the designs
by Tukey’s Test within the same period. The letter A compares the
group of Co-Cr with the other groups. The letter B compares
the group of Ni-Cr-Ti with the other groups. The letter C compares
the group of Cp Ti with the other groups

Tables 3 to 5 present the results considering the undercut
level analyzed in the different period of time, demonstrating
the highest mean value for the Ni-Cr-Ti group (in all periods)
and lowest mean value for the Cp Ti group (in all periods),
accordingly to the Tukey’s test for all pairwise comparisons.
Framework Examination

Graph 1: The retention strength in Newton (N) of each group and
respective subgroups (undercut of 0.25 and 0.75 mm) as a function
of time is illustrated. Statistical analyses of group differences are
listed with respective p-values
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The cast frameworks fabricated in Co-Cr and Ni-Cr-Ti
showed no radiographic defects. For Cp Ti group, seven
frameworks (35.0%) presented radiographically visible
porosities and were replaced for flawless framework castings
prior testing.
After mechanical testing, five fractured frameworks
were identified for group Cp Ti, being one sample for the
retentive undercut of 0.25 mm (10% of subgroup failures)
and four specimens for retentive undercut of 0.75 mm (40%
of subgroup failures). No fracture was detected for groups
JAYPEE
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Table 3: Mean value of retention strength (N) and standard
deviation (SD) in the Co-Cr group considering the different period
of time analyzed and the undercut level

Table 5: Mean value of retention strength (N) and standard
deviation (SD) in the Cp Ti group considering the different period
of time analyzed and the undercut level

Group—cycles (period)—
undercut level

Group—cycles (period)—
undercut level

Initial period
Co-Cr 0.25 mm
Co-Cr 0.75 mm
540 cycles (half year)
Co-Cr 0.25 mm
Co-Cr 0.75 mm
1080 cycles (1 year)
Co-Cr 0.25 mm
Co-Cr 0.75 mm
2160 cycles (2 years)
Co-Cr 0.25 mm
Co-Cr 0.75 mm
3240 cycles (3 years)
Co-Cr 0.25 mm
Co-Cr 0.75 mm
4320 cycles (4 years)
Co-Cr 0.25 mm
Co-Cr 0.75 mm
5400 cycles (5 years)
Co-Cr 0.25 mm
Co-Cr 0.75 mm

Mean value (N)
and SD

Comparison*

4.87 – 1.92
6.43 – 1.97

DEFG
ABCDE

5.05 – 1.91
6.27 – 1.53

CDEFG
ABCDE

4.85 – 1.79
6.18 – 1.79

DEFG
ABCDEF

4.87 – 1.71
6.31 – 1.86

DEFG
ABCDE

5.05 – 1.90
6.27 – 1.91

BCDEFG
ABCDE

4.86 – 1.74
6.30 – 1.73

DEFG
ABCDE

4.69 – 1.76
6.25 – 1.96

DEFG
ABCDEF

*Tukey HSD all-pairwise comparison (alpha = 0.05). Same capital
letters in each third column indicate the nonsignificant difference
between the designs by Tukey’s Test, considering the numbers of
cycles and different period
Table 4: Mean value of retention strength (N) and standard
deviation (SD) in the Ni-Cr-Ti group considering the different period
of time analyzed and the undercut level
Group—cycles (period)—
undercut level
Initial period
Ni-Cr-Ti 0.25 mm
Ni-Cr-Ti 0.75 mm
540 cycles (half year)
Ni-Cr-Ti 0.25 mm
Ni-Cr-Ti 0.75 mm
1080 cycles (1 year)
Ni-Cr-Ti 0.25 mm
Ni-Cr-Ti 0.75 mm
2160 cycles (2 years)
Ni-Cr-Ti 0.25 mm
Ni-Cr-Ti 0.75 mm
3240 cycles (3 years)
Ni-Cr-Ti 0.25 mm
Ni-Cr-Ti 0.75 mm
4320 cycles (4 years)
Ni-Cr-Ti 0.25 mm
Ni-Cr-Ti 0.75 mm
5400 cycles (5 years)
Ni-Cr-Ti 0.25 mm
Ni-Cr-Ti 0.75 mm

Mean value (N)
and SD

Comparison*

4.12 – 2.53
7.91 – 1.62

EFG
ABCD

4.61 – 2.97
8.31 – 2.05

DEFG
ABC

4.53 – 2.98
8.65 – 2.23

EFG
A

4.47 – 2.98
8.37 – 2.08

EFG
AB

4.40 – 2.87
8.38 – 2.17

EFG
A

4.20 – 2.64
8.40 – 2.21

EFG
A

4.29 – 3.11
8.41 – 2.21

EFG
A

*Tukey HSD all-pairwise comparison (alpha = 0.05). Same capital
letters in each third column indicate the nonsignificant difference
between the designs by Tukey’s Test, considering the numbers of
cycles and different period

Co-Cr and Ni-Cr-Ti. No damage to gray color patrixes were
observed in all groups after cyclic tests.

Initial period
Cp Ti 0.25 mm
Cp Ti 0.75 mm
540 cycles (half year)
Cp Ti 0.25 mm
Cp Ti 0.75 mm
1080 cycles (1 year)
Cp Ti 0.25 mm
Cp Ti 0.75 mm
2160 cycles (2 years)
Cp Ti 0.25 mm
Cp Ti 0.75 mm
3240 cycles (3 years)
Cp Ti 0.25 mm
Cp Ti 0.75 mm
4320 cycles (4 years)
Cp Ti 0.25 mm
Cp Ti 0.75 mm
5400 cycles (5 years)
Cp Ti 0.25 mm
Cp Ti 0.75 mm

Mean value (N)
and SD

Comparison*

3.45 – 1.01
3.93 – 1.59

EFG
EFG

3.47 – 1.00
4.24 – 1.05

EFG
EFG

3.40 – 0.82
4.12 – 0.96

EFG
EFG

3.45 – 1.14
3.87 – 0.86

EFG
EFG

3.51 – 1.23
3.39 – 0.70

EFG
EFG

3.14 – 1.14
2.93 – 0.97

EFG
FG

3.22 – 1.27
2.37 – 1.04

EFG
G

*Tukey HSD all-pairwise comparison (alpha = 0.05). Same capital
letters in each third column indicate the nonsignificant difference
between the designs by Tukey’s Test, considering the numbers of
cycles and different period

DISCUSSION
Several studies18,19,21,25 have tested the use of different
alloys in the fabrication of RPD frameworks, mainly
evaluating clasp retention with focus related to
circumferential or T-bar clasps, however, there are few data
considering the association between a cast framework and
a resilient attachment, common in clinical situations
involving RPO over roots or osseointegrated implant
(Mitrani et al, 2003).
This study aimed to verify the performance of an
association design between a cast framework with
circumferential clasp (cast in three different alloys: Co-Cr,
Ni-Cr-Ti and Cp Ti) and a resilient attachment (ERA system,
Sterngold-Implamed, Attleboro, USA), simulating five years
of RPO clinical service used in different undercuts (0.25
and 0.75 mm).
Kim and collaborators in 200411 performed a study using
cyclic test and demonstrated significant decrease in retentive
force during repeated cycling for gold and Co-Cr.
Exceptions, however, were seen for wrought wire and TiNi based framework, suggesting that Ti-Ni alloy might be
suitable for RPD. Despite the different methodology used
in Kim’s investigation, the results obtained in the present
study suggest extra care when Cp Ti is to be used for RPO.
The association involving Co-Cr and Ni-Cr-Ti seems to
promote a stable retention over the time, suggesting a more
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viable clinical use. However, the Cp Ti with 0.75 mm of
retentive undercut showed a decrease of retention strength,
particularly after 2160 cycles (equivalent to two years of
simulated use).
After the mechanical tests, fractures were found only in
the circumferential clasps of the samples casted in Cp Ti,
suggesting technical difficulties in the casting process of
Ti alloys.9,12,14,15,20,23,24 However, the radiographic exam
showed no porosity in the fractured buccal arms of Cp Ti
0.75 mm subgroups, which is in agreement with previous
reports.2,12,15,18-22,24 Besides, even with the fractures in the
retentive arms of the clasps of some samples, retention
ranging from 0.81 N to 2.84 N after 5,400 cycles was
observed as a result of the retention provided by the ERA
attachment system. These results are in accordance with
studies that reported good retentive performance of the ERA
system in clinical service and experimental trials.1,5,6
The main difference between the mechanical properties
of these metal alloys chosen for this investigation is
concerning the modulus of elasticity. Cp Ti or Ti alloys
present lower modulus of elasticity and therefore, greater
flexibility when compared with Co-Cr and, Ni-Cr alloys.15,21
As a result, some authors recommend Cp Ti and its related
alloys for deep undercut areas for RPD and RPO
frameworks.2,11,19
Another important aspect that should be pointed is the
yield strength, which for Cp Ti is about 400 MPa; 572 MPa
for Co-Cr alloys; and 690 MPa for Ni-Cr .10,15,17 The loss
of retention observed for Cp Ti with retentive undercut of
0.75 mm might be related to the low fatigue resistance
observed, in which yield strength could be exceeded and
caused fractures in 40% of the samples. Samples that showed
no fractures demonstrated a retentive performance similar
to the studies cited above. The combination of
circumferential clasp with resilient attachment seems have
no influence on the retentive performance of the alloys
used.
The extension of the denture base with the characteristics
of soft tissues, chewing function, periodontal ligament,
variability of the path of insertion and removal of patients
are factors that can affect the results.6 Moreover, the oral
environment, composition of saliva and temperature may
also interfere with the final findings.1 Regarding these
limitations, this laboratory study showed valid outcomes
compared to those observed in the literature employing
clinical conditions such as the utilization of solution of
artificial saliva at 37°C. It is important to note that this
investigation analyzed only one retention modality that is
the retentive strength obtained by mechanical components.
However, in the clinical scenario, other retentive modalities
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occur such as physiological retention, given the dynamic
balance between the prosthetic and paraprosthetic muscle
and physical retention, represented by the physical principles
of adhesion, cohesion and atmospheric pressure present
between the saddle and mucosa.5,6 In addition, the amount
of force necessary to provide functional retention for a
specific patient treated with an overdenture may vary
considerably, depending on many factors such as age,
strength, muscle and expectations of the patient.6
Retention of 5N is reported to be adequate for stabilization
of RPO and RPD during function.1,11 This observation
shows that groups Co-Cr and Ni-Cr-Ti presented appropriate
mechanical retention required for an RPO. The highest
retentive values for the Ni-Cr-Ti alloy can be attributed to
a higher modulus of elasticity of the Vi-Star (690 MPa)
compared to the modulus of elasticity of the alloy Co-Cr
Fit Flex (663 MPa) in accordance with the manufacturer’s
specifications. The frameworks in Cp Ti showed lower
mechanical retention and should be utilized with caution
when RPO is the treatment of choice. However, when
prosthesis designs involves full arch with multiple
circumferential clasps or with more than one attachment,
the Cp Ti alloy could provide adequate mechanical retention
for the RPO, but this variable was not evaluated in this study.
Horizontal and oblique forces not simulated in this study
occur under clinical conditions, such as masticatory forces
and parafunction. For this part, may be said that based on
this study, movements of insertion and removal of
overdentures in a given path can not be the main cause of
loss of retention and/or fracture of components corroborating
the findings of previous report.1
This study was designed to compare cast clasps made
to two undercuts: 0.25 mm and 0.75 mm. The first condition
undercut (0.25 mm) was selected because it represents a
common clinical condition and Co-Cr alloy is the material
of choice for the manufacture of frameworks for RPD.18,19
Today, researchers still seek an ideal material for making
up these frameworks. This biomechanical design served,
therefore, as a control group in comparison to the other
biomechanical designs. Since the initial period up to five
years of analysis, the design of Co-Cr in 0.25 mm undercut
showed retention intermediate between the designs, with
significant difference only for the design of Ni-Cr-Ti in 0.75
mm undercut, which had the highest retention among the
designs. Thus, there was no significant difference between
the metals in the 0.25 mm undercut. Based on the findings
of this study, it could not be verified that there was no
significant difference when comparing the design of Co-Cr
in 0.25 mm undercut with the designs of Co-Cr and Cp Ti
in 0.75 mm undercut.
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The second condition undercut (0.75 mm) was included
to assess the retention and performance mainly of the
frameworks with clasps in Cp Ti, due to its characteristics
of flexibility and resilience. These properties could allow
that the retentive arms of the RPD clasps were placed in
areas more retentive than is possible with Co-Cr and NiCr-Ti. With the increased demand esthetics, the patients
claim that the clinical hide RPD clasps putting nearest the
gum where the undercuts tend to be more retentive.2
However, and contrary to the Bridgeman et al report,2 which
showed a good performance of Cp Ti in this undercut, the
results of this study showed a significant loss of retention
over time in samples cast with this metal, with fractures in
40% of the samples. The results showed that the samples in
Ni-Cr-Ti and in Co-Cr in 0.75 mm undercuts had a great
performance over time with the highest values of retentive
force. According to Bridgeman et al (1997),2 the rigidity of
the Co-Cr clasps make them unsuitable for being placed in
0.75 mm undercut, because the clasps would cause great
tension in the retainers. Additional studies are needed to
check the stresses and probable biological reactions of the
teeth retainers when used the Ni-Cr-Ti and Co-Cr alloys in
0.75 mm undercuts.
This research sought to collaborate with dentist and
prosthodontic in finding the best design according to the
metal or metal alloy used in planning in rehabilitation with
RPOs. However, future studies using other variables are
required and different designs of cast clasps and frameworks,
the 0.50 mm undercuts, different retention degree of the
male component of the ERA system and other attachment
systems are some examples of variables that need to be
explored. The results of this in vitro test should be applied
with care and caution. Clinical trials are needed to check
the performance of the different biomechanical designs
analyzed and the outcomes attained.
CONCLUSION
Within the limitations of this paper and based on the results
of this in vitro study, the retentive strength of the groups
cast in Co-Cr and Ni-Cr-Ti showed the highest mean that
could be maintained over the time, with no fracture to the
clasp. The frameworks fabricated in Cp Ti showed the
lowest mean with a remarkable trend to decrease the
retentive strength over the time, and under 0.75 mm of
undercut this frames have a potential risk of fracture,
especially after the second year of use. Despite the fracture
observed in the Cp Ti group in the end of the retentive test,
the patrix maintain the retentive strength with no damage
and proving efficacy.
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