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Abstract

Background /Objectives: This retrospective study aimed to evaluate the five-year clinical
performance of removable partial dentures (RPDs) made of chromium-—cobalt-molybdenum
alloy, comparing two different post-casting cooling methods: slow furnace cooling (LRF)
and room temperature air cooling (RATA). The investigation aimed to determine whether
LRF treatment could reduce the incidence of technical complications, such as fractures and
clasp deformations, particularly on RPD with thin clasps for aesthetic reasons. Methods: In
total, 22 RPDs were examined, 11 of which were treated with LRF (test group) and 11 with
RATA (control group). The prostheses in the LRF group had clasps intentionally reduced
by 2/3 tenths of a millimeter compared to those in the RATA group. All the prostheses
were made and evaluated by the same operator, who analyzed the presence of changes,
fractures, or clasp widening after five years. Statistical analysis was performed using
Fisher’s exact test with a significance level of p < 0.05. Results: Clinical data showed a
lower complication rate in the LRF group compared to the RATA group in all parameters
evaluated: prosthesis modification (9.1% vs. 18.2%), clasp fractures (9.1% vs. 36.4%), and
enlarged clasps (54.4% vs. 72.7%). However, the statistical comparison between the two
groups did not show significant differences, p-value > 0.05 for all parameters. Conclusions:
Despite the lack of statistical significance, likely due to the limited size of the cambium and
the confounding variable of clasp thickness, clinical trends indicate a potential superiority
of the LRF method in the parameters examined, such as modification prosthesis, fractured
clasp, and enlarged clasp. The reduction in complication rates in the LRF group suggests
that the superior mechanical properties conferred by this treatment may compensate for
the potential structural weakening caused by clasp thickness. Future studies with a larger
sample size and a prospective design will be needed to validate these results and confirm
LREF as the preferred protocol for the production of aesthetic RPD.

Keywords: heat treatments; clasps; removable partial dentures; tooth mobility; dental alloy

1. Introduction

The enormous progress made in the use of implants to restore edentulous posterior
regions has raised high expectations among patients. In non-implant-based cases, remov-
able partial dentures still represent a valid treatment option for some patients [1]. The
removable partial denture (RPD) made of chromium cobalt molybdenum (Cr-Co-Mo) is a
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metal structure with biomechanical functions. It contains several components, each with
different functions, including clasps, which retain the RPD, anchored to the resistance
units (teeth). Clasps can often break due to factors such as material fatigue, clasp design,
incorrect insertion of the RPD, and manufacturing issues, compromising the retention
of the denture [2—4]. Functionality, clasp strength and aesthetics have always been the
objectives that dentists aim to achieve. Heat treatments of an alloy are the only laboratory
operations to which metallic materials are subjected in order to obtain a certain structure
with certain properties to improve certain aspects [5-7]; heat treatments represent a great
opportunity to improve the resistance of an alloy [8-11]. Heat treatments of dental alloys
aim to optimize the mechanical properties and microstructure in order to obtain greater
resistance and therefore better performance applicable in different rehabilitation situations.
Heat treatment does not only concern the melting phase, but also the cooling itself is a form
of heat treatment; in fact, the cooling speed directly influences the final microstructure of
the alloy [12,13]. Kim M] et al. in 2018 used ice quenching to evaluate the hardening of a
porcelain bonding alloy; in conclusion, they recommend oxidation treatment followed by
ice quenching instead of slow cooling due to the simultaneous oxidation and hardening
effects on the alloy [14]. Yamana Ka K et al. in 2015 conducted a study on the evaluation of
the behavior of precipitants during the casting of a Co-Cr-Mo alloy and demonstrated in
the study that precipitants contribute to the strength of the alloy, which is not achieved with
slow cooling, and that to achieve precipitation control in dental castings of Co-Cr-Mo alloys,
one should intervene in the design of new Co-Cr-based biomedical dental alloys that offer
better performance [15]. Jiménez-Marcos C. et al. in a recent 2025 study examined how cool-
ing methods, slow furnace quenching, and water quenching influence their electrochemical
and mechanical properties, particularly corrosion resistance and hardness, reporting that
the choice of cooling methods and alloy composition is critical to improve the corrosion
resistance and mechanical properties of dental structures [16]. Today, dental laboratories
perform casting according to the alloy manufacturer’s instructions, so the casting time and
temperature are predefined. The need to minimize the visibility of metal parts in the mouth
during a smile remains a challenging goal when a metal RPD is present. Research today is
primarily focused on alternative solutions such as new materials or implantology, but in
non-surgical, non-implantology cases where the only prosthetic solution is an RPD, it is
possible to modify the clasp thickness using slow furnace cooling (LRF) as an alternative
to room-temperature air cooling (RATA). The aim of our study was to investigate, after
5 years, whether the heat treatment of slow cooling in a furnace after casting compared
to air cooling at room temperature of removable partial dentures can reduce the risk of
fractures of the thinned clasps or alterations of their parts (widened hooks, prosthesis
modification) regardless of the type of Kennedy edentulism class.

2. Materials and Methods

In this study, we examined two post-cast cooling methods for RPDs to evaluate their
clinical performance over time. Specifically, we considered two types of post-cast cooling
for the alloy:

- Room temperature air cooling (RATA): This type of cooling is performed in daily
practice in dental laboratories. After casting the alloy, the flask is left to cool in
room air until the bright red color of the alloy disappears. Alloy manufacturers then
recommend immersion in cold water to prevent a continuous arrangement of carbides
along the grain contours. Carbides, being the last to solidify, tend to settle at the edges,
reducing strength and plasticity.

- Slow furnace cooling (LRF): This type of cooling, first explored in 2004, is used at the
dentist’s request. Once the alloy has been cast, the flask is left to cool slowly for 24 h
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in a furnace (model WARMY 9, Manfredi), heated to 980°C (1980°F), and then turned
off, leaving the door open approximately 5 cm (2 in). This type of cooling allows
the atoms to rearrange into a more stable and homogeneous crystalline structure,
helping prevent the formation of internal stresses, structural defects, and precipitation
of unwanted phases along grain boundaries. It effectively increases the mechanical
properties while maintaining good ductility.

All the selected prostheses were manufactured by the same laboratory (Niraniumsrl),
and the same operator designed and reassessed them after 5 years. The RPD were made
using the lost-wax technique, and the alloy used was Remarium GM?700 stellite alloy
(61% Co, 32% Cr, 0.7% Mo, 0.7% Si, 0.4% Mn), breaking expansion 4%, elastic modulus
225,000 N/mm?, specific weight 8.2 g/ cm?, hardness HV 10,390.

In our study, we analyzed a total of 11 RPDs for the LRF (test group) with thinner
clasps designed for aesthetics, and 11 RPDs for the RATA (control group), for a total of
22 RPDs. Of the RPDs made with the LRF method, 5 in the upper arch and 6 in the lower
arch were made in 36.36% of cases of Class I edentulism, 54% in Class II edentulism, and
9% in Kennedy Class III edentulism; of the RPDs made with the RATA method, 4 in the
upper arch and 7 in the lower arch were made in 18.18% of cases of Class I edentulism,
18.18% in Class II edentulism, and 63.63% in Kennedy Class III edentulism.

A total of 22 RPD were examined: 9 in the upper arch and 13 in the lower arch. 27.27%
of the total RPD were in Kennedy class I, 36.36% in Kennedy class II, and 36.36% in Kennedy
class III (Figure 1, Table 1).
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B upper arch
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Figure 1. RPD distribution for heat treatment. Slow quenching furnace (LRF) and room temperature
air quenching (RATA).

This study was based on a cluster analysis of 22 RPD prosthetic devices produced in
2017 with written informed consent where the method of construction of the removable
partial denture was also reported. In 2022, for routine check-ups, the dentures were sent to
the dental technician. Data collection focused exclusively on the technical characteristics of
the prostheses (such as prosthesis modifications, prosthesis clasp fractures, and enlarged
clasps). The prostheses are completely anonymous, and it is not possible to trace the data
from one prosthesis to any specific patient, in accordance with the Helsinki Declarations.
The prostheses were evaluated by completing a questionnaire by the dental technician to
whom the prostheses were sent for cleaning and polishing. No reference to the type of
cooling performed (LRF or RATA) was included when the prosthesis was sent, so as not to
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subjectively influence the evaluation. The small sample size is due to the actual production
of only 11 RPDs using the LRF method with clasps 2/3 tenths of a millimeter thinner,
obtained from preformed wax used in ring clasps(thinner preforms), to verify whether
the durability of these clasps was comparable to clasps with normal thicknesses(larger
preforms for type 1 hooks). Furthermore, the choice to use the different Kennedy classes for
the study was due to the lack of standardization of the class and to verify the resistance and
behavior of the deliberately reduced clasp in different edentulisms and dental situations. In
the RPDs, the following were evaluated: fracture of the prosthesis clasps, enlarged clasps,
modification of the prosthesis (rebasing), and control of the RPD was performed after
5 years (Figure 2a—).

Table 1. Number of prostheses made with slow cooling in an oven and in ambient air.

Prosthesis Superior Inferior Total
Slow cooling in the oven 5 6 11
% upper/lower 45.45% 54.54%
1 3 4
Kennedy Class (CK) (I CK;ZO %o) (I CK;SO %o)
(I CK—60%) (IT CK—50°%) 6
1 1
(I CK—20%) -
Air cooling at room temperature 4 7 11
% upper/lower 36.36% 63.63%
1 1 2
Kennedy Class (CK) (I CKTZ5 %o) (I CK—114.28 %o)
(I CK—25%) (I CK—14.28%) 2
2 5 ”
(IIT CK—50%) (I CK—71.42%)

(b)

Figure 2. (a) Fractured clasp; (b) prosthesis modification; (c) enlarged clasp.

Statistical Evaluation

Given the small sample of RPDs, the Fisher exact test was used to assess the statistical
significance of the differences observed in the frequencies of the various outcomes between
the two groups, with a significance level of p < 0.05. Statistical analysis was performed
using the R software version 4.3.3.

3. Results

The evaluation of the prosthetic characteristics highlighted that only 3 of the
22 RPDs were modified; furthermore, in 17 of the 22 RPDs, a relining was performed
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in correspondence with the saddles. The RPD made with the slow cooling method showed
slightly lower percentages in the three parameters evaluated—prosthesis modification
9.1%; clasp fracture 9.1%; widened clasps 54.4%—compared to the RPD made with the
room air cooling method—prosthesis modification 18.2%; clasp fracture 36.4%; and bent
clasps 72.7% (Table 2).

Table 2. Statistical comparative analysis of the comparison between LRF and RATA techniques.

11 RPD

11 RPD

LRF LRF RATA RATA 0OddS RATIO 95% IC p-Value
Modification 1 9.1% 2 18.2% 0.44 0.03-6.20 0.500
Prosthesis
Fractured clasp 1 9.1% 4 36.4% 0.18 0.02-1.92 0.155
Enlarged clasp 6 54.4% 8 72.7% 0.43 0.08-2.31 0.330

The statistical analysis of the comparison between the two methods did not highlight
any statistical significance in the parameters evaluated. For the test group (LRF), 1 pros-
thesis modification out of 11 and 2 prosthesis modifications out of 11 in the control group
(RATA) were observed, showing no significant statistical differences, with a p-value of 0.500;
1 case of clasp fracture out of 11 prostheses in the test group and 4 clasp fractures out of
11 prostheses in the control group showed no significant statistical differences, p-value
0.155; 6 cases of widened clasps out of 11 prostheses for the test group and 8 cases of
widened clasps out of 11 prostheses in the control group showed no significant statistical
differences, p-value 0.330 (Figure 3).

8
WIDENED HOOKS
p-value 0/500
HOOK FRACTURE W RATA
p-value O H LRF
PROSTHESIS 2
MODIFICATION p-value 0.330
0 ) 4 6 8 10

Figure 3. Values obtained with the two different methods of cooling the alloy after melting.

4. Discussion

Removable partial dentures (RPDs) offer a wide range of aesthetic and restorative
features for partially edentulous patients [17]. In this study we analyzed the presence of
some negative aspects of RPD, and, in particular, the modification of the prosthesis due
to tooth extractions, the fracture of the clasps due to continuous incorrect stress on them,
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and the widened clasps which are also due to the incorrect insertion of the prosthesis
or the possible incorrect design of prostheses obtained with a slow cooling method in a
furnace (LRF) and other RPDs obtained with the room temperature air cooling method
(RATA). All the prostheses obtained in this work have in common the chromium cobalt
molybdenum alloy and the laboratory that created the RPDs. In the literature, there are a
few works that analyze the heat treatments of a Cr Co Mo alloy to increase the mechanical
characteristics; works on the heat treatment of NiTi alloys and on the adhesion of porcelain
to metal are reported [18,19]. An immediate modification of the mechanical characteristics
using a heat treatment is observed in the orthodontic field where nickel-titanium wires
tested at 55 °C showed a significant variation as a function of temperature in terms of
behavior and strength, both for traditional and thermo-activated wires. Stresses at high
temperatures can induce permanent deformations, while the residual deformation detected
at low temperatures can be recovered with increasing temperature [20]. Furthermore,
through an appropriate heat treatment, it is possible to obtain the desired hardness of
Co-Cr-Mo alloys [21,22]. Our study compared two cooling methods: slow furnace cooling
(LRF), used for the test group, and room-temperature air cooling (RATA), for the control
group. The aim was to determine whether the increase in the alloy’s mechanical properties
achieved with LRF could provide greater strength to reduced RPD clasps, thus improving
aesthetics. This approach builds on the results of a 2004 study, the first to examine slow
furnace cooling at 980 °C for RPDs. That research, conducted on rectangular and cylindrical
specimens made of Niranium 801046K Cr-Co-Mo alloy, had already shown a significant
improvement in mechanical properties. In particular, the tensile strength increased from
40.7-55.1 daN/mm? with RATA to 59.1-70.3 daN/mm? with LRF, while the compressive
strength increased from 170.75-185.12 daN/ mm? with RATA to 193.48-199.08 daN/mm?
with LRF [23]. This study allowed us to exploit the increased mechanical characteristics
to make the RPD clasps thinner and more aesthetic. The statistical analysis revealed no
statistically significant differences between the two post-cast alloy cooling methods (LRF
and RATA). This conclusion holds true for all Kennedy edentulousness classes, both in the
upper and lower arch, regardless of subclassification. However, these results underscore
the importance of ongoing clinical monitoring. Evaluating RPDs over time is crucial,
especially those with intentionally thinned clasps to improve their aesthetic appearance.
Further evidence of this is the “clasp fracture” parameter, which showed a clear difference:
9.1% incidence for clasps obtained with the LRF method versus 18.2% for those obtained
with RATA. Despite the lack of statistical significance, this trend suggests that the LRF
method may offer a potential advantage in terms of reducing the risk of fractures over
time, justifying careful post-delivery follow-up. The widened clasps highlight a possible
pain in the insertion and removal of the prosthesis, which was found in those clasps
performed mainly in the premolars and canines without support from the adjacent teeth
with a percentage of 9.1% in the subjects who used RPD with RLF against 36.4% in the
RATA [24,25]. This phenomenon is often caused by incorrect management of the prosthesis
by patients who, ignoring the clinicians” instructions on the insertion axis, position it by
applying pressure by closing their mouth [4,26,27]. Despite the lack of statistical significance
(prosthesis modification p-value of 0.500—clasp fracture p-value 0.155—widened clasps
p-value 0.330), the observed trends suggest better potential for the LRF method. Only
three RPD were modified and relined. The modifications to the prosthesis, however,
did not affect the correct biomechanical functioning of the RPDs [28,29]. The prostheses
of the test group showed lower complication rates in all parameters, indicating greater
stability and a reduced need for maintenance. This better performance can be attributed
to the superior mechanical properties conferred by the LRE. Recent studies have in fact
confirmed that adequate heat treatment can increase the fatigue and deformation resistance
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of the Cr-Co alloy, making the clasps more robust and durable [30]. This study has some
limitations that deserve consideration, the main one being the small sample size, which
significantly impacts statistical power and consequently did not allow for the achievement

of significance. Furthermore, some biases may have influenced the results (Table 3).

Table 3. Limitations and potential bias of the study.

Source of Bias

Type of Bias

Description of the Bias

Potential Impact on Results

Thickness of the clasps
intentionally

Confounding variable

The LRF group hooks were
designed to be thinner

(2/3 tenths of a millimeter)
in order to improve
aesthetics, unlike the RATA
group hooks. This approach
was part of a manufacturing
protocol aimed at testing
whether the improved
mechanical properties of the
LRF allowed for a reduction
in thickness without
compromising strength.

This difference in thickness
introduces a confounding
variable that makes it
impossible to isolate the
effect of the cooling method
alone. The observed
differences in failure rates
could be attributed to both
thickness variations and the
cooling method.
Consequently, this study
compares not just two
cooling methods, but two
different manufacturing
protocols.

Retrospective nature of

The analysis is based on
clinical data collected
retrospectively over a 5-year
period. The records may not

The lack of quantitative and
standardized data on factors
such as diet or actual
grooming effort prevents us
from establishing a causal

Information bias be standardized or . .
follow up . . relationship between these
sufficiently detailed : .
. . . behaviors and hook failures.
regarding patient behavioral .
. Conclusions may be
factors, such as diet or )
. influenced by unmeasured
maintenance efforts. .
variables.
A small sample size redu
The total number of Sma’ sampre size reduces
rostheses analyzed (n=22) the statistical power of the
Small sample Sampling bias p y study, making it difficult to

is limited, with only 11 for
each group

detect significant differences
between groups.

Operator variability

Experimental design

The RPDs were designed,
manufactured, and
evaluated after 5 years by
the same experienced dental
technician. Furthermore, the
evaluation of the clasps was
conducted blindly,
eliminating measurement
bias.

The evaluation with a single
expert and blinded operator
significantly reduces the risk
of bias related to the
operator’s subjectivity,
strengthening the internal
validity of the study.

5. Conclusions

The results of this five-year retrospective study indicate that removable partial den-
tures (RPDs) made of cobalt-chromium-molybdenum alloy are a valid rehabilitation
solution, with a low rate of complications such as clasp fractures and prosthetic modifica-
tions, provided that a rigorous maintenance protocol is followed (check-ups). Although
the statistical comparison between the two post-fusion cooling methods (LRF and RATA)
did not reveal significant differences, clinical data suggest a potential superiority of the
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