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ABSTRACT

Purpose: The objective of this in vitro study was to evaluate the effect of thermocycling on
retentive forces of different esthetic thermoplastic partial denture clasp materials including, poly-
oxymethylene (Acetal), polyetheretherketon (PEEK) and monomer free semi-rigid microcrystal-
line polymer (karadent).

Material and methods: 2 Testing models with 2 natural premolar teeth used to test the retentive
force of three types of esthetic thermoplastic clasps (N=6) Acetal, PEEK and karadent. After
Thermo-cycling, the retention force of the clasps was measured at the same cross head speed. The
data were collected, tabulated and a statistically analyzed using SPSS v26 , Kruskal Wallis was used
for comparing quantitative non-parametric data of more than two different groups, followed by
post-hoc Dunkan’s while Wilcoxon signed rank was used to compare quantitative non-parametric
data of two related groups.

Results: PEEK group has recorded a high statistically significant difference in retention force
mean values prior to thermo-cycling, P-value <0.001. Following thermo-cycling, reduced retention
force mean values were found for all groups with non-significant difference between the groups and
a significant difference within each group. For the percentage of changes, there was a significant
difference between the groups with the least percentage of changes in the Acetal clasp group.
p=<0.05.

Conclusion: Within the limitations of this study, it was found that the thermoplastic resin
clasps-showed a decreased retention values when exposed to thermo- cycling (2000 cycle) between
(5 C-55 C) 30 seconds with significantly lower percentage of change for the Acetal than Peek and

karadent esthetic clasp materials.

KEYWORDS: Denture clasp, Polyetheretherketon, Thermocycling exposure, esthetic

thermoplastic clasps.
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INTRODUCTION

Although removable partial dentures (RPDs) are
preferred options for the restoration of many situa-
tions that involve partial tooth loss, some patients
are no longer satisfied with a removable partial den-
ture (RPD), specifically when it is not stable dur-
ing mastication. As a result, sufficient retention of
RPDs is regarded as one of the essential factors that
have an effect on the clinical success of the RPDs.
(The mechanical properties of RPD retainers rely
on the material composition as Titanium, gold,
Nickel/Chromium and Cobalt/Chromium (Co-Cr)
alloys. %

Most researches on clasp materials and designs
were carried out as in-vitro investigations.® Some
of the studies of clasps had been performed under a
constant load 7' or a constant displacement./+!)

Researchers considered the long-term effective-
ness of the clasps and the possible impact of the
clasp might have on the abutment teeth. "' A clasp
arm design that produces less stresses is very impor-
tant for the predictable long-term use of RPD. Three
factors include clasp material, clasp form, and the
amount of undercut affect the design of a clasp
arm. ?

An essential esthetic problem with PRDs is the
visualization of the clasp assemblies. Many strate-
gies have been used to overcome the esthetic issues
such as etching the clasp arm and coating it with
a layer of tooth-colored resin, using lingual reten-
tion design, or proximal undercuts (also known as
rotational path insertion' ®*?? Thermoplastic resin
clasps were introduced to overcome the problem of
the poor esthetic of CoCr clasps. Therefore, Poly-
oxymethylene (POM), also known as Acetal, has
been used for the construction of RPD retaining and
supporting components. 325

Polyoxymethylene (POM) additionally recog-
nized as Acetal resin, an injection-molded resin
has been introduced as an alternative to traditional
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polymethylmethacrylate PMMA. POM is formed
through the polymerization of formaldehyde. The
homopolymer, polyoxymethylene is a chain of al-
ternating methyl groups linked by an oxygen mol-
ecule. It has a fairly proportional limit with little
viscous flow enabling it to behave elastically over a
great enough range to be used as a material for clasp
construction. ?®

It has been concluded that the non-metal Acetal
resin retainer displays superior mechanical proper-
ties than valplast and CoCr clasps. ®”

Polyetheretherketon (PEEK) is a polyarylether-
ketone (PAEK) polymer, it is a fairly new family
of high-temperature thermoplastic polymers. It is
composed of an aromatic backbone molecular chain
connected to each other via ketone and ether func-
tional groups. In medicine PAEK has been verified
to be an excellent substitute for titanium in orthope-
dic applications and it has been used as a temporary
implant abutment in dentistry- %29

The microcrystalline polymer as a thermoplastic
resin (Karadent by TCS, NC, USA) introduces sev-
eral advantages over traditional denture base mate-
rials, including high aesthetic, maximum strength
and durability, no volume shrinkage, exceptional fit,
minimal water absorption, lower residual monomer
content so it acts as alternatives to PMMA in aller-
gic patients, hence it can be used as a thermoplastic
esthetic clasp material. %

During clinical service, prosthetic restorations
are commonly under prerequisites of thermal
changes and loads in the oral cavity, which can cause
damage to the surface and mechanical properties of
the materials. Changes in temperatures in the oral
cavity are caused by daily diet, and open-mouth
respiration, which have a long-term negative effect
in promoting crack propagation, thus changing
the physical properties of the material. ®'*¥ Due
to these factors, dental materials should be tested
under conditions similar to those found in the oral
cavity. Thermal cycling is an in vitro process that is
used to simulate in vivo events. ¥
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Several investigations®>3® have studied the ef-
fect of thermo-cycling on different mechanical
properties of thermoplastic resin materials includ-
ing surface microroughness®, flextural strength®
and impact strength®’2® but, nowadays, rare in-
vestigations have evaluated the effect of thermo-
cycling on the retentive forces of different esthetic
thermoplastic clasp materials for removable partial
dentures which is important for the long term suc-
cess of the prostheses .The aim of this study was to
compare effect of thermo-cycling on the retentive
forces of different esthetic thermoplastic clasp ma-
terials including Acetal, PEEK and karadent.

Null hypothesis

Null hypothesis of the study was that there
would be no significant differences between the
three tested materials as regard to their retention
forces before and after thermo-cycling

MATERIALS AND METHODS

The calculated sample size of the study was 6
esthetic clasp materials in each of the three group
(total of 18 clasps) at 5% level of significance and
80 % power, using the following formula:

N= (Zo/2+Z)2 *2*02 / d2,

Z1-0/2 =196

Z1-$=0.842

Mean retention in peek group at baseline =39.19
Mean retention in peek group after = 15.19. ¢

0 = Expected difference to be detected between
the two studied groups regarding retention (24)

a = Level of acceptability of a false positive
result (level of significance=0.05)

p = Level of acceptability of a false negative
result (0.20)

1- = power (0.80).
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Testing model fabrication and study design

For this study 2 natural maxillary first premolars
were used for the construction of 2 testing models to
carry the retentive force measurements.

The inclusion criteria for premolar selection
were: upper first premolars without any reconstruc-
tion or existing caries and similar crown dimen-
sions. In turn, all first premolars larger or smaller
than the chosen and teeth with caries and / or recon-
structions were excluded from the study. This was
an experimental in-vitro research not a human one
and waived of consent.

2 Testing models were made by placing 2 natural
premolar teeth inside acrylic blocks to test retentive
force of three types of esthetic thermoplastic clasps
Polyoxymethylene (Acetal), Polyetheretherketon
(PEEK), and thermoplastic monomer free semi
rigid microcrystalline polymer (karadent). Labora-
tory custom-made copper castings (30 mm long,
15 mm wide, and 10 mm high) were used to make
the testing models. The testing models were made
of rectangular acrylic blocks (Stellon, DeguDent
Gmbh, and England). The natural teeth were em-
bedded vertically to their cemento-enamel junction
(Fig 1 A).“0

A special movable jig was constructed to fix
the testing model perpendicular to the pulling out
machine. A cavity was created at the center of the
superior surface to receive the testing model.The
base of the acrylic block and its superior surface was
made parallel to the surveyor table (Ney Surveyor;
Dentsply, New York, New York, USA). (Fig 1, B).

For the two crown models, 18 clasps were fab-
ricated so that 9 clasps were constructed on each
model (clasp undercuts of 0.5 mm, 1.5 mm thick-
ness). The clasps were divided according to esthetic
thermoplastic resin materials (Acetal, PEEK, kara-
dent) into three groups (N=6 clasps for each group.
By using Instron universal testing machine ((Instron
model 3345 England) and the data was recorded
using computer software Bluehill version 3.3). The
retentive force of each clasp within the three groups
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was measured before thermo-cycling, each clasp
was pulled out 10 times with a crosshead speed
of 10 mm/min, and the force required to pull each
clasp was measured. All groups of clasps were then
exposed to thermal cycling (2000 cycle) between
(5 °C -55 °C) for 30 seconds. After thermo-cycling,
the testing models were fixed to the same position
of instron and the retention force of the clasps was
measured at the same cross head speed.

Abutment teeth preparation

The models had been surveyed at zero tilt
position; then the abutment of the testing models
was surveyed to make sure of sufficient undercut,
and the undercut depth was measured with the aid
of the 0.02 inch undercut. The path of insertion was
then recorded with the aid of the surveyor. Occlusal
rests seats were prepared with buccolingual and
mesiodistal dimensions 2.5 mm X 2.5 mm and depth
1.5 mm were prepared using round diamond no. 6.
The rest seat preparation was outlined in pencil
and examined by digital caliper to make certain of
the size. When necessary, the palatal surface was
reshaped using a stone with low-speed hand piece
for lowering the height of contour to provide an ideal
balance (reciprocation) between the two arms of the
clasps. To obtain standardization, a milling machine
(AF 30, milling machine, Switzerland) was used
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to prepare a parallel guiding plane approximately
2 mm along occlusal-gingival direction on the
proximal surface. (Fig2A, B)

Test Model preparation and duplication

Following the abutment tooth preparation and
for the Peek clasps fabrication, A duplicate from
each testing model was poured in extra hard stone
(type 1V, Elite Rock; Zhermack). The stone mod-
els were scanned using CAM software (Dof Swing,
Dof, CO South Korea) to create virtual models ob-
taining a standard tessellation language (STL) file
format. Then imported to the CAD soft-ware, used
to start the design process. The virtual models were
digitally surveyed to delineate the survey line, de-
termine the most suitable path of insertion, and
block out all the undesirable undercuts. The clasp
resin pattern assembly and the distal extension area
were digitally designed on the virtual casts that re-
sembles ready-made Aker clasp pattern used for the
construction of acetal and karadent groups. Milling
machine (Arum ,Yuseong-gu Co, Daejeon, South
Korea) was then used to produce indirect rapid pro-
totyping (RP) (resin 3D printing pattern combined
with thermopress technique for Peek clasps). So
that three PMMA patterns were produced for each
testing model. “” (Fig. 3A,B)

Fig. (1) (A, testing models with the natural teeth embedded to
the cemento-enamel junction, B, a movable jig to hold
the testing model.)

Fig. (2) (A, B) surveying and preparation of the abutment teeth.
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For the fabrication of Acetal and Karadent
clasps, on the testing model ,a ledge of wax was
positioned on the buccal surface to standardize the
locations and lengths of the retentive arms. On the
palatal surface, a piece of wax, rectangular in shape,
was positioned as a reference to standardize the
locations and lengths of the reciprocal arms (Fig4A).
To eliminate the effect of proximal undercuts on the
retention force, a softened wax was used for the
blockage of the unwanted undercuts, then trimmed
with the help of the wax trimmer of dental surveyor.
A condensation silicon impression material
(Expando-Rock; Bredent, Germany) in a stock tray
was used to duplicate each model. Each impression
was poured with Type IV dental stone (GC Fujirock
EP, GC), to make refractory casts. Each impression
was poured 6 times to obtain 12 stone models,
used for the Acetal and karadent esthetic clasps
fabrication (Fig. 4B). A small piece of wax (0.7
mm thickness, 20 mm length and 5 mm width), was
attached to the superior surface of the model, and

2 mm from the proximal tooth surface to provide a

framework stopper (FigdC).“" Standard preformed

(651)

half round Aker clasp wax patterns (1.5mm) (ready
made Aker clasp pattern; Bego, Germany) with
occlusal rest, retentive arm, reciprocal arm and
minor connector were then adapted on the refractory
casts with one clasp pattern for each cast. A vertical
sprue (20 mm in length and 3 mm in diameter) was
connected to the prepared wax plate at the distal
saddle area, which was used latter on for holding of
the clasp assembly in the universal testing machine
(FigdD).®27

Regarding the strategy used for esthetic clasp
fabrication, there are three researched groups
each group consists of 6 clasps (N=6):

Group 1 Acetal: esthetic thermoplastic Acetal
resin clasps (Thermoflex Acetal Resin Densply
UK), fabricated using injection molding technique

Group 2 Peek: esthetic thermoplastic Peek
indirect additive
manufacturing (resin printing combined with PEEK

clasps fabricated using the

thermopressing using the lost-wax technique).

Group 3 Karadent: esthetic karadent clasps
fabricated using injection molding technique.

Fig. (3) (A,B) Duplication of the
wax pattern and vertical
sprue through
Cad-Cam  technology,
C) Use of Thermopress
injection machine.

the use
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Fig. (4): (A, for ledging of the clasp, B condensation silicone for
prepared cast duplication, C wax pattern of clasp with
extended wax as frame work stopper, D attached wax
sprue for holding the clasp assembly during testing)

Acetal resin clasp fabrication

For the acetal resin clasps, the model with its
corresponding wax pattern were flasked using
Type IV dental stone (Marble Stone; Pressing
Dental Srl) and positioned at about 2.5 cm from
the injection opening of the special flask (Muffle-
Type 100; Pressing Dental Srl). A cylinder of the
acetal resin was placed into the injection tube, and
then the tube was placed in the injection machine
(J-100; Pressing Dental Srl). Once in the injection
machine, the parameters of the machine were set as
follows: the material was kept at 220° C (melting
temperature) for a preinjection time of 20 min. The
temperature was kept at a favorable level of 220° C
for a post injection time of 3 min, and an injection
pressure of 4 bar.*” At the end of the process, the
flask was removed from the initial position, and the
clasp was deflasked. The clasp was polished with
rubber points (Pressing Dental Srl), and polished
using a special polishing paste for acetal and acrylic
resins (Universal polish; PressingDental Stl).

Peek clasp fabrication

The resin pattern was invested in a mold using
a special investment (Brevest; Bredent). The mold
was heated to 200°C for 20 minutes to eliminate
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the resin and then left to cool. The injection system
was preheated according to the manufacturer, and
the aluminum cartridge was inserted into the heated
chamber once the preheating temperature reached
the optimum level. The parameters of the injection
were set as follows: preinjection time maintained at
380°C (melting temperature) for 20 minutes, post
injection time with the temperature maintained at
the desired level of 220°C for 2minutes, injection
cooling for 60 minutes, and injection pressure of 4
bars. The usual devesting procedure was followed
as soon as the mold cooled down. Deflasking,
finishing, and polishing of the polished surface of
the thermopressed clasps were performed. 42

Karadent clasp fabrication

Investing the sprue wax patterns of the samples
have been done in a vaselinezed aluminum flask.

The opposite half of the flask was built on top
of the deposed gypsum surface after investment
setting. The wax pattern and sprues were covered
by packing the hard dental stone into the upper flask
chamber. After the gypsum was set, the flask was
immersed in warm water in a thermostatic container.
When the wax was boiled and the mold was created.
The injection was carried out with an injector
(Sabilex, Microinjection machine, Argentina). In
the heating cylinder, the injectable material cartridge
(Sabilex, Flexi Acetal) was inserted. The preheating
operations were then turned on.

The components of the flask had been congregated
and installed by screws. The flask was inserted and
fixed in the injecting unit’s congruent position. After
pressing the key on the monitoring panel, squirting
began. According to the manufacturer’s instructions,
the temperature was kept at 280°C and the pressure
was kept at seven bar for 20 minutes to plasticize
the material in the cartridge that would be injected
into the flask. After that, the cylinder was moved and
the cartridge was separated. The flask was taken out
and released, allowed to cool before the investment
was removed, the sprue was removed, and finishing
and polishing were completed with soft brushes
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and polishing paste.At the end of the process, the
flask was removed from the preliminary position,
then the clasp was allowed to deflask, polished with
rubber points (Pressing Dental Srl). ¢

Retentive force testing and Thermocycling

On the two testing models, every clasp was pulled
out ten times before thermo-cycling using Instron
universal testing machine at a crosshead speed of
10 mm/min (3345 paradigm, England) (Fig 5A) and
ten times after thermo-cycling (2000 cycle) equal
to two year of function between (5 °C-55 °C ) for
30seconds with the aid of a thermos-cycler device
(THE-1100 SD Mechatroniks
Germany) (Fig. 5C).

thermos-cycler,

Statistical analysis

The resulted data of the retentive force
magnitudes before and after thermo-cycling were
collected, tabulated and statistical analyzed using
SPSS v26. Data were expressed as median &
interquartile range (IQR), Kruskal Wallis was used

for comparing quantitative non-parametric data
of more than two different groups, followed by
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post-hoc Dunkan’s while Wilcoxon signed rank was
used to compare quantitative non-parametric data of
two related groups. P value <0.05 was considered
statistically significant while P value <0.001 was
considered highly statistical significant.

RESULTS

Tables 1 and 2 Show the mean values for the
retention forces (Newton.) for both testing models

A highly significant difference was noticed in
retention force mean values between the tested
groups prior to thermo-cycling. (P < 0.001). which
was in favor to the PEEK group. Following thermo-
cycling, reduced retention force mean values were
found for all groups with no significant difference
between the groups and a significant difference for
the retention force mean values within each group.

For the percentage of changes of the retention
force mean values following thermo-cycling, there
was a significant difference between the groups
(p <0.05) with the least percentage of changes in the
acetal clasp material groups.

Fig. (5) A Instron Universal Test-
ing machine, B measur-
ing the retentive force,
C thermocycler device
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TABLE (1) :
Testing model 1
Group 1 Acetal Group 2 PEEK Group 3 Karadent P
Control 1.61(1.20-1.98) 3.06(2.81-3.61)* 2.27(1.68-2.31)" <0.001
After thermocycling 77(.59-.93) 97(.73-1.10)" .53(.30-1.55)" 0.06
Percent of change 51.42(-55.98- -42.11)  -72.79(-75.87- -6529)*  -76.98(-87.00- -8.73)" 0.01

Data are expressed as median (IQR), significance when <0.05

a: Significance between Group 1 Acetal & Group 2 PEEK, b: Significance between Group 1 Acetal & Group 3 Karadent, c:

Significance between Group 2 PEEK & Group 3 Karadent

*: significance between Thermo versus control.

TABLE (2) :
Testing model 2
Group 1 acetal Group 2 peek Group 3 Karadent |
Control 1.09(.96-1.32) 220(2.0-3.01)* 1.54(1.10-2.20) " <0.001
After thermocycling 69(.56-91)" 52(.34-197)° 51(.49-58)" 0.15
Percent of change -46.22(-59.30- -3.87) -82.96(-84.80- -4.97)* -67.60(-76.86- -54.94)" 0.009

Data are expressed as median (IQR), significance when <0.05

a: Significance between Group 1 Acetal & Group 2 PEEK, b: Significance between Group 1 Acetal & Group 3 Karadent, c:

Significance between Group 2 PEEK & Group 3 Karadent

*: significance between Thermo versus control.

DISCUSSION

Based on the result attained in this study, reten-
tion forces differed significantly between the three
thermoplastic materials before thermocycling, how-
ever after thermocycling these differences were sta-
tistically insignificant between the three materials.
Hence, the null hypothesis could only be partially
accepted.

Since dental society currently emphasizes on
physical appearance, the demand for esthetic dental
restorations has been increased. ®» In this study
three esthetic thermoplastic clasp materials (Acetal,
Karadent ,Peek) have been chosen to carry out this
study as, these chosen thermoplastic resins, are
widely used today in removable prostheses.

Macxillary first premolar teeth have been chosen
as testing model for the following reasons; the sound
first premolars could be easily obtained as several
cases of orthodontic treatment include bilateral
bicuspid extraction, the position of the upper first
premolar in the esthetic zone that demand using of
esthetic clasp for removable partial dentures. The
use of natural teeth to test the retention force seemed
to be closer to the oral condition, because the use of
metal abutment tooth produces much greater friction
to the abutment tooth surface, thereby increasing
the retention. *** Moreover, two testing models
were used with alternating testing the retentive
forces of each group on each abutment tooth, to
eliminate the factor of mutual abutment tooth wear
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or clasp material so that the retentive force could be
measured more accurately.

Most of the studies used Aker clasp design to
determine the retentive force of RPD.!>#4% The
preformed wax pattern for Aker clasp was used to
facilitate the standardization of the shape and thick-
ness of clasps and to eliminate the factors that may
affect the flexibility and also to eliminate manual
variations “¢4,

Clasp type influenced the increase in the reten-
tive force of the clasp. However removable partial
denture retention should be checked under wet con-
ditions, especially for human enamel and porcelain
to be clinically relevant “7-4%

The use of CAD/CAM technology for clasp wax
pattern duplication allowed fully digital workflow
that have the advantage over manual duplication
and increased the ability to reproduce the same
clasp assembly for all groups. “V

Thermoplastic resin clasps used in the study were
1.5 mm in thickness and designed to engage a deeper
undercut of 0.5mm (0.02inch) in order to obtain
clinically acceptable retention and provide adequate
stiffness; this is due to the relatively low rigidity of
the thermoplastic resin @474 Moreover the 0.5
mm undercut was chosen to simulate the situations
where clasps should be positioned near to the
gingival margin, where undercut needs to be deeper,
thereby producing a more esthetic result. 44

The holder sprue was placed at the saddle area
distal to the clasp assembly as a pull-out location,
this may be due to that the distal pull-out location
had a significant effect on the clasp retentive force
and it gave greater retention forces as compared
to other locations of holder (ring on the rest, wax
arising from two rests). The dislodgement of the
clasp with the location of (loop on the saddle)
resulted in a force that was not directed vertically
along the path of draw. This pattern of dislodging
forces mimics the direction of the forces acting on
RPD in the patient mouth. ©%
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The differences observed in the retention forces
prior to thermo-cycling are probably due to the
different modulus of elasticity of the materials.
(Elastic modulus; 2.4 GPa for Acetal and 4.0 GPa
for Peek) Thus, the greater modulus of elasticity
of the material means less flexibility and greater
retention force toward the Peek clasp group. ¢7-"

The esthetic resin clasps-showed a decreased
retention values when exposed to thermo- cycling
(2000 cycle) between (5°C-55°C) 30 seconds. A
decline in the retention force might be explained
by an occurring material fatigue of the clasps
associated with multiple deflections occurring
during the process of thermo cycling. ©?

However the difference in the percentage of the
change of the retentive forces between the groups
was significant, with the least percentage of changes
for the acetal groups (-51.42 ,-46.22), this may
also additionally be due to the fact that the more
flexibility of Acetal clasps led to a lower retention
and enabled less deformation of the clasp. This
result agreed with a previous study stated that the
retentive force of acetal resin clasps did not decrease
over the cycling periods that would be attributed to
the resilient nature of acetal resin. ¥

Limitations of this study include that the test was
performed in a rigid system. Due to the presence
of periodontal ligament, which allows physiological
mobility of natural teeth, the results under clinical
conditions may not be the same.

In the oral cavity, there are usually different
insertion and removal paths, since obtaining truly
effective guide planes is conditioned by anatomical
aspects. In addition, the patients can change the path
used to move the denture during each insertion and/
or removal cycle, thereby generating a higher load
on the tooth, thus causing a permanent clasp defect
in a short period of time. ®¥ Compared to actual
clinical use, these factors may have increased the
retentive force values for the test. Therefore, more
studies are needed, in conditions closer to clinical
situations.
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CONCLUSION

Within the limitations of this study, it was
found that the thermoplastic resin clasps showed
a decreased retention when exposed to thermo-
cycling (2000 cycle) between (5°C-55°C) 30 seconds
with significantly lower percentage of change for
the Acetal than Peek and karadent esthetic clasp
materials. Artificial aging led to a significant decline
in retention force for PEEK-clasp material. This
may recommend the use of acetal thermoplastic
resin materials as esthetic clasps. However, further
studies are needed, in conditions closer to clinical
situations.
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