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ABSTRACT

Aim of study: to evaluate retention & surface roughness of PEKK & Acetal Resin frameworks
in Kennedy class IV RPD.

Materials and methods: Twelve partial denture frameworks were constructed for this study,
acrylic resin (AR) model of Kennedy class IV maxillary arch was constructed & RPD design was
established. Abutment preparations were made; digital scanning & RPD framework was virtually
designed in 3D format. The STL file was transferred to 5-axis milling machine for milling the
PEKK blanks producing PEKK frameworks. For acetal resin frameworks, the STL file was used
to print an AR 3D printed framework which was flasked, after which the acetal resin frameworks
were produced by injection molding technique. A Universal testing machine was used to evaluate
retention of RPD frameworks at different simulated time intervals. The surface roughness of
the RPD frameworks were evaluated using 3D optic profilometer at a fixed selected area in all
frameworks.

Results: The PEKK partial denture framework showed statistically insignificant higher mean
values compared to acetal resin at baseline, 3 & 6 months. A significant difference was noticed
at the 1, 1.5,2,2.5 & 3 year cycles. There was an insignificant difference between the surface
roughness of the PEKK & acetal resin frameworks.

Conclusion: Within the limitations of this study, it can be concluded that the PEKK may
provide significantly better retention compared to acetal resin in Kennedy Class IV partial denture
frameworks. However, both materials showed an insignificant difference regarding their surface
roughness.
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INTRODUCTION

Partially edentulous patients with long edentu-
lous spans are not indicated for fixed prosthesis,
whereby removable partial dentures (RPDs) are one
of the treatment modalities for such clinical situa-
tions for restoring lost hard and soft tissues as well
as the need for esthetic support of the oro-facial
structures.

The most versatile and cost-effective definitive
RPDs are those fabricated from cobalt chromium
alloys however, the unacceptable esthetics from the
metallic display of the clasps, heavy weight, metallic
taste possibility and allergic reactions to the metallic
prosthesis are drawbacks for such prosthesis that
led to replacing the metal by using thermoplastic
materials such as acetal resin and nylon.?

Retention through direct retainers is considered
as a major factor in determining the success of re-
movable partial dentures. Retention capability de-
pends on the mechanical properties of clasp mate-
rial. Although Cr-Co clasps are widely used, they
possess few drawbacks like failure of retentive arms
under stress, frequency of repairs and esthetics.®

Multiple resins have been

developed to achieve the required mechanical and

thermoplastic

esthetic requirements as a removable partial denture
framework and clasp material.®

Thermoplastic acetal resins are unbreakable,
use quick injection method and develops tooth-
colored retainers providing optimal esthetics by
eliminating metallic display. It is flexible having
low modulus of elasticity that leads to decrease the
stresses on the abutment teeth, ® and don’t need
periodic adjustment © as well as it doesn’t adhere
to conventional acrylic resin ”; the retentive force
of these clasps is somewhat more prominent than
the normal retentive force. Different clasps were
inspected for this speculation with a specific end
goal to examine their retentive force.®
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The poly ether ketone ketone (PEKK) and poly
ether ether ketone (PEEK) are the two most well-
known of the poly aryl ether ketone (PAEK)
family; PEKK 1is a new evolving polymeric
material. PEKK biomaterials is an elastic
material with good shock absorbance and fracture
resistance and presents ultra-high performance
among all thermoplastic composites for excellent
mechanical strength, chemical resistance, and
high thermal stability. Recently, PEKK is used in
removable partial denture (RPD) as dental clasps
and frameworks using digital technology. ® PEKK
clasps can be used to provide retention for a longer
duration and can also be used as inserts in the

removable partial denture.

The retention of the prosthesis is an extremely
important aspect establishing a valuable partial
denture treatment and higher patient’s satisfaction.
Lower partial denture retention force causes
inferior denture stability during mastication and
consequently reducing masticatory efficacy and
performance. %19

Surface roughness of denture base materials
have a direct effect on accumulation of plaque , ad-
herence of Candida Albicans."® Materials with high
surface roughness act as a reservoir for harboring
microorganisms. This allows denture stomatitis to
occur, halitosis and affects the mouth and denture
hygiene. Moreover, reduced surface roughness
and smooth denture surfaces provides good esthet-
ics, reduces denture staining and enhances patient
comfort, therefore denture base materials surface
roughness investigation is of great concern. 314
Accordingly, the research question was the material
of partial denture whether acetal resin or PEKK can
influence the retention and surface roughness of
partial dentures in maxillary Kennedy Class IV cas-
es or not. The null hypothesis was that there would
be no significant difference in retention and surface
roughness of Acetal resin versus PEKK partial den-
ture frameworks in Kennedy Class IV cases.


https://www.sciencedirect.com/topics/engineering/polyetheretherketone
https://www.sciencedirect.com/topics/engineering/polyetheretherketone
https://www.sciencedirect.com/topics/engineering/fracture-resistance
https://www.sciencedirect.com/topics/engineering/fracture-resistance
https://www.sciencedirect.com/topics/chemistry/thermoplastics
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MATERIALS AND METHODS

The least sample size was calculated based on an
earlier study which aimed to evaluate the retention
of acetal resin and cobalt-chromium removable
partial denture clasp.!> The sample size was
calculated to detect the difference in retentive force
among the three studied groups. Based on the latter
study results, adopting a power of 80% to detect
a standardized effect size in retention force (the
primary outcome) of 0.874, and level of significance
5% (o error accepted =0.05), the minimum required
sample size was found to six partial denture
frameworks for each group. Therefore, the total
sample size was 12 partial denture frameworks.

An acrylic resin model was made by duplicating
a maxillary Kennedy class IV stone cast using heat
cured acrylic resin (Acrostone, Egypt). The model
was accurately replicating the anatomical features
of teeth and edentulous span, the base of the acrylic
resin model was trimmed parallel to the occlusal
plane. Surveying the acrylic model by a dental
surveyor (Ney surveyor, USA) was done at zero
tilt and the removable partial denture design was
established.

Rest seats preparation was made on the occluso-
mesial surfaces of first premolars bilaterally to
receive a supporting saucer shaped rest; another
rest seat preparation was made on the occluso-distal
surface of first molars as well as on the occluso-
mesial surfaces of the second molars bilaterally
to receive a double Aker’s clasp with an antero-
posterior palatal strap as a major connector.

The acrylic resin model was digitally scanned
(smart optics, Germany) after spraying the model by
the scanning spray. Followed by digital surveying
including marking the survey line, undercut depth
identification to be used for retention (utilizing 0.50
mm undercut depth), path of insertion selection,
blocking undesirable undercuts and digitally

creating the double Aker's clasps with retentive tip
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thickness of 1.5 mm. Finally the framework was

virtually produced in a 3D format by using the
Exocad digital software of the CAD CAM system.
Fig (1)

exocad

Fig (1) Virtual Framework Digitally Produced

Fabrication of the PEKK framework

The virtual 3D designed framework standard
tessellation language (STL) file was transferred
to a S-axis milling machine (VULCANTECH
VM120,Germany) for milling of the PEKK blanks
(Pekkton ivory; Cendres+Métaux SA, Switzerland)
producing the PEKK frameworks. Fig (2)

Fig (2) Milled PEKK Framework

Fabrication of the acetal resin frameworks

The virtual 3D designed framework was used to
print acrylic resin 3D printed frameworks (IFUN
Dental Resin, lancer 3D) Fig (3)
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Fig (3): 3D Printed Acrylic Resin Framework

The 3D printed acrylic resin frameworks were
flasked with type IV hard dental stone. After
setting; the flasks were opened and the acrylic resin

frameworks were removed.

Acetal resin (Biodentaplast Cartridges Acetal
resin Bredent, GmbH, Germany) was prepared
according to manufacturer’s instructions, heated,
and plasticized then injected by the injection
machine (Thermopress 400 injection molding
system; Bredent, Germany) into the mold (injection
molding technique); the acetal was cured at 215°c for
25 minutes with an injection pressure of 4 bar. After
curing, the frameworks were deflasked, finished
and polished using finishing burs and pumice at low
speed until buffed to fine luster. Fig (4)

Fig (4) Acetal Resin Framework
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Retention measurement

Geometric center determination

Three points were marked on the cast, one point
at each tuberosity and one at the incisive papillae.
A triangular card board was made connecting the
three marked points with the triangle base between
the tuberosity marks and its apex at the incisive
papillae. Three lines were drawn on the card board
intersecting each angle of the triangle, the point at
which the three lines meet is the geometric center
of the arch.

Three holes were prepared away from the palatal
margins by 2-3 mm in the framework to allow
passage of metal wires (Imm diameter) through
it, the wires were passed away from the occlusal
plane and are collected together to a ring at the
marked geometric center from which the hook of
the universal testing machine (UTM) (LLOYD
LR 5K England) was attached and a tensile load
at crosshead speed of 5 mm/min was applied until
it stops automatically Fig (5). The procedure was
repeated 5 times for each framework and readings
of the load required to totally dislodge sample was
recorded in Newton.

Fig (5) Retention measured by the universal testing machine

The Retention of each design was measured at
base line and simulation of 3 months, 6 months,
one year, 1.5 years, 2 years, 2.5 years and 3 years,
each time interval was simulated by insertion and
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Fig (6) 3D Optic Profilemeter

removal of the framework as per day 3 times and
each period was measured 5 times and the average
was calculated.

Surface roughness measurement

The surface roughness of the frameworks
was measured using the 3D optic profilometer
(Koolertron/CD Digital microscope, Hong Kong),
a fixed area in all frameworks were selected for
measuring the surface roughness, measurement was
taken three times. Fig. (6-8) .

The recorded retention
measurement and surface roughness was calculated,

tabulated, and statistically analyzed.

average of the

RESULTS

Statistical analysis was performed with IBM
SPSS Statistics for Windows, Version 26.0. Armonk,
NY: IBM Corp. Data was explored for normality
using Kolmogorov-Smirnov and Shapiro-Wilk
Retention data showed normal distribution.
Data was presented as mean and standard deviation

tests.

(SD). Paired t-test was used to compare between
tested groups and repeated measures ANOVA
was used to compare cycles followed by multiple
comparisons with Bonferroni adjustment. One-Way
ANOVA used to compare between tested groups
for roughness test. The significance level was set at
P=<0.05.

Fig (7) Acetal resin surface roughness
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Fig (8) PEKK surface roughness

Retention

As shown in table (1) & fig. (9), although PEKK
showed the higher retention values compared to
acetal resin in all cycles, there was an insignificant
difference between PEKK and acetal Resin at
baseline, 3 months, and 6 months. A significant
difference between the PEKK and acetal group was
found at 1, 1.5, 2, 2.5 and 3 year cycles. Within the
acetal resin group, retention decreased significantly
after 2.5 and 3 years, while for PEKK; all cycles
showed insignificant difference except at the 3year
cycles a significant loss of retention occurred.

TABLE (1) Retention force (Mean & SD) of PEKK and
Acetal resin groups measured in newton

PEKK Acetal resin
Cycles p-value
Mean SD Mean SD
Baseline 18.07*  1.78 1774 2.2 0.06
3 Months 16.76* 251 1526 095 0.31
6 Months 1643* 201 13.61¢  0.78 0.07
1Year 14.61* 1.59 11.27¢ 157  <0.001%*
1.5Year 13.18* 0.65 10.68" 095  <0.001*
2Years 12.37® 082 9.68¢ 125 <0.001*
25Years 11.08* 094 8.42h 102 <0.001*
3Years 7.78 0.59 5.57 093  <0.001*

Different superscript letters within each column indicates
significant difference,* p-value < 0.05 is considered
significant
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Fig. (9) Bar chart showing the mean Retention for the tested
groups

Surface Roughness:

As shown in table (2) & fig (10), there was an
insignificant difference between the surface roughness
of the PEKK and acetal resin groups (p> 0.05)

TABLE (2) Mean and SD for surface roughness for
different tested groups measured in gm

PEKK Acetal resin
p-value
Mean SD Mean SD
Surface
0.2926 0.0028 0.2870 0.0151 0.612 NS
roughness
-NS= non-significant
e N
0.3500
0.3000
0.2500
0.2000
0.1500
0.1000
0.0500
0.0000
PEKK Acetal resin
N\ Y,

Fig (10) Bar chart showing the mean surface roughness for the
PEKK and Acetal resin groups.
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DISCUSSION

Function, accuracy and esthetics of the dental
prosthesis have been improved by recent technology
of digital dentistry such as the three dimensions
scanning and printing, computer aided design and
computer aided manufacturing. Thus, advocate
for more researches on the milled and additive
manufacturing of thermoplastic RPDs material. 1

The real advantages of the thermoplastic
materials includes the homogeneity of the material,
simple process of manufacturing, reproducible
restoration as the STL file can produce the same
design multiple times with accuracy and more time
saving in addition to the improved reliability and
stability of the RPDs milled from pressed blanks.”
Thus, in the present study Acetal resin and PEKK
RPDs fabricated with the digital manner were
evaluated.

The thermoplastic flexible RPDs material
evaluated in the present study had the same
specific dimensions for all groups which agree
with previous studies. The studies clarified that the
clasps fabricated from thermoplastic resin must be
designed with minimum thickness of 1.5 mm to
overcome the low rigidity of the resin and engaging
deeper undercut ranging from 0.50 mm or 0.75 mm

to provide acceptable retention. (-2

The retention, stability and biomechanical
behavior of the RPD are mandatory required for

successful treatment. 621

The retention of the RPD depends on material
of the clasp, its modulus of elasticity and length in
addition to the used undercut depth of the abutment
teeth. Based on the previous studies the clasp was
designed to engage more than 0.25 mm undercut
with average length of 15 mm.?'??

Retentive clasp tip utilize an undercut depth
of 0.50 mm was selected based on the previous
studies which proved the significant difference
of retention value between 0.25 mm undercut
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and the more deeper undercuts. The results of the
previous researches revealed also that there were
no significant difference between using 0.50 mm or
0.75 mm undercuts. ®

The undercut depth of 0.50mm was recom-
mended as it provides acceptable clinical retentive
values, utilizing deeper undercut, engage the abut-
ment tooth near the marginal gingiva and improve
the esthetic outcomes. 1824

In the present study, the retentive forces recorded
in PEKK and Acetal groups showed significant
higher values than results recorded in earlier studies
that use the same materials and measure within the
same time intervals, %2 this may be attributed to
that earlier studies evaluated the effect of direct
retainer or frameworks utilizing one tooth only in
each side for retention while in the present study
the measured retention considered a summation of
retentive force of bilaterally double Aker's direct
retainers, frictional resistance to removal provided
by the guiding planes contacting RPD components
during removal (minor connectors and proximal
plates).

The retentive force values of PEKK direct
retainer in the present study showed higher values
than Acetal clasp retainer, which agree with previous
study results, which demonstrate the least forces of
retention for Acetal followed by PEEK and studies
which evaluate PEKK direct retainer groups showed
the higher values of retentive forces.??262%

Moreover the superiority in the retentive values
demonstrated by the difference of elastic modulus
where the higher modulus denotes less flexibility
thus improving retention. The modulus of elasticity
represented in Giga Pascal, showed extremely
higher values for Cr-Co RPDs followed by PEKK,
PEEK and finally the Acetal resin showed the lowest
Values. (19,25,29,30)
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The final retentive forces after repeated cycles
of insertion and removal showed lower values than
retentive forces recorded after initial insertion of
the thermoplastic prosthesis with gradual decrease
of retentive forces for the two groups, however the
decreased values of retentive forces are still within
the acceptable range providing adequate retention.
Moreover, the PEKK group in the present study
showed significant difference only after cycles
simulating three years of continuous use.

By the end of the repetitive cycles of insertion
and removal simulating multiple years of polymeric
RPDs use, a significant decrease of retention was
recorded. Clasp fatigue, wear of the inner surface
of the retentive tip in addition to mild abrasion of
acrylic model abutments at the height of contour
occlusal to the retentive undercut describes the
decrease in retention. This is in agreement with the
effect of the components friction retention proved in
earlier studies.

The resilient nature of Acetal resin clarifies
the insignificant decrease in retentive force with
the cycling insertion and removal as it show less
deformation and higher flexibility. The retentive
force values recorded with the limitation of the
present study coincide with results of previous
researches. ®>-3D

The insignificant difference in surface roughness
between PEKK and Acetal groups may be credited
to the similar hardness of both materials; the
hardness of PEKK and Acetal Resin are 29 HV and
23 HV respectively.®**» Moreover, this insignificant
difference in surface roughness may be attributed to
the standardized finishing and polishing techniques
performed in both groups using acrylic stone and
sandpaper. On the other hand, over-polishing may
interact with thermoplastic materials (PEKK and
Acetal) resulting in a markedly rough surface which
may cause increased bacterial adhesion. 3439
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CONCLUSION

Within the limitations of this study, it can be
concluded that the PEKK may provide significantly
better retention compared to acetal resin in Kennedy
Class IV partial denture frameworks. However,
both materials showed an insignificant difference
regarding their surface roughness.
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