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ABSTRACT

Objective: This study aims to compare the strain induced in the supporting structures of unilateral mandibular
removable partial denture frameworks retained by extra-coronal attachments fabricated with three different
materials. Material and Methods: Three mandibular class II digitally designed and printed acrylic models with
detachable abutments were used to fabricate three removable partial denture framework with extra coronal
attachments from three different materials. A total of 33 models were prepared for strain testing (n=11). Models
were divided into three groups according to framework’s material: porcelain fused to cobalt chromium (PFM),
polyetherketoneketone (PEKK) and polyetheretherketone (PEEK) group. Unilateral load of 60 N was applied
in the three groups and strains were measured around the main abutment and saddle area using strain gauge.
Results: Statistical analysis was performed using Shapiro-Wilk’s test and by checking data distribution. Data
were found to be non-parametric and were analysed using Kruskal-Wallis test followed by Dunn’s post hoc
test with Bonferroni correction. PFM group showed significantly the highest strain values around abutment,
slot 1 (1mm distal to the socket of the last abutment) and slot 2 (1 cm away from slot 1) respectively (843.00+23.08,
91.00+6.52 and 1274.00+65.71) than the other tested groups (p<0.05) at same tested sites respectively followed
by PEKK group (384.00+37.48, 81.00+2.24 and 135.00=0.00) and PEEK group (29.00+4.18, 63.00+4.47 and
52.00+5.70). Conclusions: PEEK and PEKK for partial denture framework with extra coronal attachments are
adequate alternative to PFM due to their good mechanical response applying less strain on supportive structures
in free-end cases. PEEK induces lower strain magnitude on the supporting structures when compared to PEKK.

KEYWORDS

Denture precision attachment; Dental stress analysis; Partial denture; Polyetheretherketone; Removable partial denture.

RESUMO

Objetivo: Este estudo tem como objetivo comparar a tensdo induzida nas estruturas de suporte de estruturas
de proteses parciais removiveis mandibulares unilaterais retidas por encaixes extracorondrios fabricados com
trés materiais diferentes. Material e Métodos: Trés modelos mandibulares de classe II digitalmente projetados
e impressos em acrilico com pilares destacaveis foram usados para fabricar trés estruturas de préteses parciais
removiveis com encaixes extracorondrios de trés materiais diferentes. Um total de 33 modelos foram preparados
para testes de deformacgdo (n=11). Os modelos foram divididos em trés grupos de acordo com o material da
estrutura: porcelana fundida com cobalto-cromo (PFM), poliétercetonacetona (PEKK) e polieteretercetona
(PEEK). Carga unilateral de 60 N foi aplicada nos trés grupos e as deformacdes foram medidas em torno do pilar
principal e drea de sela usando medido de tensdo. Resultados: A analise estatistica foi realizada por meio do
teste de Shapiro-Wilk e com a verificacdo da distribuicdo dos dados. Os dados mostraram-se ndo paramétricos e
foram analisados pelo teste de Kruskal-Wallis seguido pelo de Dunn com corre¢éo de Bonferroni. O grupo PFM
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mostrou significativamente os maiores valores de tensdo ao redor do pilar, slot 1 (1mm distal do dltimo pilar)
e slot 2 (1 cm de distancia do slot 1) respectivamente (843,00+23,08, 91,00=6,52 e 1274,00=65,71) do que
os outros grupos testados (p<0,05) nos mesmos locais testados, respectivamente, seguido pelo grupo PEKK
(384,00+37,48,81,00+2,24 e 135,00=0,00) e grupo PEEK (29,00+4,18, 63,00+4,47 € 52,00+5,70). Conclusao:
PEEK e PEKK para estrutura de prétese parcial com encaixes extracorondarios sio alternativas adequadas ao PFM

devido a sua boa resposta mecanica aplicando menos tensdo nas estruturas de suporte em casos de extremidade

livre. O PEEK induz menor magnitude de deformacéo nas estruturas de suporte quando comparado ao PEKK.

PALAVRAS-CHAVE

Andlise de tensdo dentdria; Encaixe de precisdo para préteses; Polieteretercetona; Prétese parcial; Prétese parcial removivel.

INTRODUCTION

Kennedy class I and II free end saddle cases
are one of the most challenging prosthetic clinical
situations due to absence of posterior abutments
and variable compressibility of supportive dental
and saddle area [1]. Different treatment options
for these cases have been introduced in literature
including the insertion of distal dental implants
with an implant supported prosthesis or a properly
designed classic removable partial denture (RPD).
RPD in distal extension cases represents a great
challenge due to multiple factors. These factors
include dental, patient and RPD design aspects.
RPD is a biomechanical device. Its components
are exposed to various loads and forces which are
consequently transferred to the supportive dental
and saddle structures during function as well as
during insertion and removal of RPD [2-6].

Load within the physiological limit of the
abutments and supportive saddle area leads to
the torsional force of abutments as well as less
destructive bone resorption effect on the saddle
area. But, even with controlled application of load
in free end saddle cases, they are still subjected
to stresses during function that affect the support
as well as stability of RPD leading to the need for
frequent relining [2,7]. Good clinical prognosis
of RPD in classic Kennedy class II requires
optimal design of RPD on solid biomechanical
principles. In such instances the selection of a
suitable retainer becomes a critical component
to control stresses applied on the supportive
abutments [8-11].

Attachment retained RPD is the treatment
modality that can facilitate both an aesthetic
and functional replacement of missing teeth
and oral structures [12]. Elimination of labial
or buccal clasp arms increases the patient’s
psychological acceptance of the denture [8-13].

Extra coronal attachments as direct retainers
that extend from the full coverage crown of
abutments can provide a rigid, movable, or
resilient connection between abutments and
RPD [8-14]. Proper materials selection of RPDs’
framework fabrication affects stresses transmitted
to the supportive structures [11].

RPD framework fabrication material may
be metallic or non-metallic. Cobalt-chromium
(CoCr) alloy is the most commonly used metallic
material for casting or printing RPD framework
material. Many drawbacks are detected with
metallic RPD framework fabrication materials
where aesthetics and metallic taste are of major
concern. Non-metallic RPD framework materials
with polymeric nature provide a wide range of
physical and chemical properties that have solved
many of the major problems encountered with
metallic RPD framework materials [15,16].

Poly aryl ether ketone (PAEK) family is a
thermoplastic polymeric material which has been
used in the engineering field since 1980s with
excellent mechanical properties and chemical
resistance. PAEK family includes two polymeric
material polyetheretherketone (PEEK) and
polyetherketoneketone (PEKK) [17,18]. PEEK was
the first version of PEAK family that was widely
applied in many dental fields including implantology,
prosthetics and maxillofacial fields [11,19].

PEKK is the latest generation of the PAEK family
showing higher quality. Unlike PEEK, PEKK shows
both amorphous and crystalline material properties
which gives PEKK unique interesting mechanical,
physical and chemical properties [11,20]. Digital
workflow for the fabrication of RPD from polymeric
material as PEEK & PEKK provides RPD frameworks
with dimensional accuracy and adaptation to the
underlying structures leading to good retention
and support [11,21,22].
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Mechanical behaviour of variable materials in the
dental field can be measured with different techniques
including photoelasticity measurement, strain
gauge-based measurements, optic measurement,
and computational finite analysis [15,23]. A strain
gauge is a tool designed to measure the strain of an
entity [3,4,8,10]. Strain gauge evaluation is a method
for measuring micro-strains, by measuring electrical
resistance [8,13,24].

Strain induced by partial dentures on the
supporting structures can be detrimental. The goal
of this study was to assess how partial denture
frame work with extra coronal attachment
fabrication materials affects the biomechanical
behaviour using strain gauge analysis. The
null hypothesis was that different fabrication
materials for partial denture with extra coronal
attachment would result in different outcomes.

MATERIALS AND METHODS

Construction of 3D model of lower class II

A mandibular 3D educational acrylic model
simulating mandibular Kennedy class II with
the first premolar as the principal abutment was
used for this study. It was scanned using desktop
scanner (DOF swing scanner, DOFlabs, Seoul,
South Korea) for designing and modifying the
virtual model.

Designing & modification of virtual model
and virtual abutments preparation

Virtual abutment preparation was done
separately after removal from their sites in the
virtual model to obtain separate STL files for the
detachable abutments designed (Exocad Dental
CAD, Exocad Inc. Darmstadt, Germany). For
mucosal simulation, two mm cut back was done
virtually on a 3D model for creating space for
mucosal simulation material to be injected using
a printed mucosa key index.

Two slots for strain gauge were designed on
the virtual model where the first slot was 1mm
distal to the socket of the last abutment and the
second slot was 1cm away from the first slot.

Digital printing for the modified virtual
model and detachable prepared abutments

Three models with their detachable abutments
were printed (Form 2 3D printer, formlabs,
Somerville, Massachusetts, United States).

The effect of different framework's material on strain
induced in distal abutment in mandibular Kennedy's class II:
an in-vitro study

Mucosal simulating material (Gingisil, Soft
Endharte Shore a 45,dent-e-con e.k, Germany)
was injected through printed mucosa key index
around the roots of the dies and into saddle area
of the printed casts Figure 1.

Splinted crowns and attachments fabrication

Printed models with detachable dies were
rescanned to obtain STL files to design two
splinted on the two main detachable abutments
with I-rod extra coronal attachments using the
three different materials Figures 2-4.

Figure 1 - Digital printed lower-class Il model with detachable abutments
with mucosal simulating material and two slots for strain gauge.

Figure 2 - Splinted porcelain fused to metal crowns with metallic
extra coronal attachment.

Figure 3 - Splinted PEKK crowns with PEKK extra coronal attachment.
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Figure 4 - Splinted PEEK crowns with PEEK extra coronal attachment.

Study grouping

PFM group: Eleven porcelain fused to
cobalt chrome partial denture frame works with
extra coronal attachments were fabricated with
conventional casting lost wax technique.

PEKK group: Eleven PEKK chrome partial
denture frame works with extra coronal attachments
were fabricated with milling technique for PEKK
blank.

PEEK group: Eleven PEEK chrome partial
denture frame works with extra coronal attachments
were fabricated with milling technique for PEEK
blank.

Partial denture framework fabrication

Splinted crowns with extra coronal attachments
in the three groups were cemented to the abutments
of the printed models then rescanned to design
the partial denture frame works virtually. Three
different materials were used to fabricate the
splinted crowns with extra coronal attachments in
the three groups.

Design of partial denture frameworks

The scanned model was virtually surveyed to
adjust the proper path of insertion with butterfly
clasp design on the intact side for cross arch
stabilization with occlusal rests on the second
premolar and first molar designed (Exocad Dental
CAD, Exocad Inc. Darmstadt, Germany). The
designed STL file was imported to the milling
machine to mill the two frame works of PEKK
&PEEK while the casted conventional frame
work was fabricated after printing a wax pattern
to be used in lost wax technique to fabricate
conventional CoCr partial denture frame work.

The effect of different framework's material on strain
induced in distal abutment in mandibular Kennedy's class II:
an in-vitro study

Figure 5 - Group | porcelain fused to CoCr metal attachment and RPD.

Figure 6 - Group Il PEKK attachment and RPD.

Figure 7 - Group Ill PEEK attachment and RPD.

Artificial teeth were set and waxed up on a
duplicated cast then final denture bases were
fabricated for the three frameworks in the three
groups from conventional heat cured acrylic resin
and pick up for the female part of extra coronal
attachment was done with cold cured acrylic resin
as showed in Figures 5-7.
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Strain analysis

Strain gauges installation and load application

Three strain gauges (KFGS-2N-120-C1-
11L1M2R, Kyowa electronic instruments co.,
Japan) were glued using cyanoacrylate adhesive
on the cast around the distal abutment on the
buccal surface of the socket in respective slot
and in the two pre planed slots one and two
(Figures 8 and 9). The ends of the strain gauge
wires were inserted into four channel strain
meters (Kyowa, kyowa Electronic Instruments Co,
Ltd, Tokyo, Japan) to calculate the micro strains
induced by the applied load [25].

Each model was fixed to the lower metal
plate of the universal testing machine (Lloyd LRX;
Lloyd Instruments Ltd., Fareham, UK) where
calibration was done by applying load from
10-60N load five times in 10N steps at a speed
of at speed 100 mm/s in a progressive manner
until full magnitude of load was reached.
Unilateral 60 N load was applied using I bar
load applicator (8mm in diameter and 22 cm
in length) perpendicular to and centralized over
central fossa of the first molar as showed in
Figure 10.

STATISTICAL ANALYSIS AND SAMPLE
SIZE CALCULATION

A power analysis was designed to have
adequate power to apply a statistical test of the null
hypothesis that there is no difference between tested
groups regarding accuracy. By adopting an alpha (o)
and beta (B) levels of (0.05) (i.e. power=95%)
and an effect size (f) of (0.733) calculated
based on the results of a previous study [26].
The minimal required sample size (n) was found
to be (33) samples (i.e., 11 samples per group).
Sample size calculation was performed using
G*Power version 3.1.9.7.

RESULTS

The results were analyzed using Kruskal-Wallis
test followed by Dunn’s post hoc test with
Bonferroni correction. The significance level was
set at p<0.05 within all tests. Statistical analysis
was performed with R statistical analysis software
version 4.3.0 for Windows. Numerical data was
represented as mean, standard deviation (SD)
median and interquartile range values (um/um).
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Figure 9 - Three strain gauges bonded on the cast around the
distal abutment on the buccal surface of the socket and in the two
pre-planned slots (one and two).

i
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Figure 10 - Unilateral load applied using | bar load applicator.
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Results of intergroup comparisons and
summary statistics for strain values are presented
in Table I. there was a significant difference
between the three tested groups with all post
hoc pairwise comparisons being statistically
significant (p<0.001).

The strain mean values which was the
highest value was for the abutment measures
in PFM framework group (843.00 = 23.08%)
followed by PEEK framework (29.00 + 4.18%) &
PEEK framework group (384.00 = 37.48°).

For slot 1 and slot 2 strain values were also
found to be the highest for PFM framework group
respectively (91.00+6.524, 1274.00 = 65.71%)
but less strain values were detected in PEKK
framework group respectively (81.00 + 2.24%,
135.00 = 0.00%) and the lowest strain values
were detected in PEEK framework group
(63.00 = 4.47¢, 52.00 = 5.70°).

DISCUSSION

Distal extension RPD abutments along with
the saddle supportive tissues act as an important
source of support and retention. A disadvantage
of the metallic removable partial dentures is the
inferior esthetics. This led to the development
of attachments whether precision or resilient to
help give more esthetic results. The advantage
of resilient attachment is that it dissipates forces
permitting denture base movement towards the
tissues during function leading to a decrease in
the torque falling on the abutments [27-29].

The partial denture design and material
play a critical role in the dissipation of the
masticatory applied load. If the partial denture
fails to distribute these stresses equally the
tension created will lead to local irritation and
excessive bone resorption which will affect RPD
stability and function and the health of the
supporting structures [15].

Table | - Intergroup comparisons of strain values

The effect of different framework's material on strain
induced in distal abutment in mandibular Kennedy's class II:
an in-vitro study

The difference in compressibility of the
supportive structures in free end saddle cases leads
to inevitable tissue ward rotation of the denture.
Although actual movement of RPD is minimal, a
lever force is created at the terminal abutment
leading to an increase in the stress induced [30].
So, proper design and selection of fabrication
material is crucial to control stresses induced in
the supporting tissues to reduce bone loss [31,32].

The results of this study showed highly
significant difference in strain induced around
abutment, slot 1 and slot 2 in PFM framework
group in comparison to the PEEK framework and
PEEK framework groups that showed less strain
mean values. Such finding were in line with the
study of Fayyad [33] that showed that porcelain
fused to CoCr metal might initiate higher strain
values around the abutments due to the stiff
nature of the material [9,33]. This finding is due
to high modulus of elasticity of cobalt-chromium
(210MPa) which is more rigid in comparison to the
low value of modulus of elasticity of PEKK (15GPa)
and PEEK (3.6GPa). PEEK & PEKK are almost like
dentine and bone so they are flexible and at the
same time elastic with strong damping power to
decrease torque and stresses on abutments with
the RPD settling. The rigidity of cobalt chromium
transmits great rotational and lateral stresses on
the abutment. According to the recent literature,
the modulus of elasticity and nano-hardness of a
material are factors that directly affect the amount
of pressure transmitted by the material and the
extent of the area to which it is transmitted [11,33].

Results comparing strain induced around
abutment showed higher value in PEKK framework
group when compared to PEEK framework group
which was in line with the findings of Sadek [13]
where strain gauge assessment method revealed
that, PEEK is the material of choice as it showed
the most suitable stress dissemination in all parts
particularly throughout the abutment teeth due
to its flexure behaviours [13,34-38].

Mean+SD 843.00+23.08* 29.00+4.18°8 384.00+37.48¢
Abutment 12.54 <0.001*
Median (IQR) 840.00 (25.00)A 30.00 (5.00)® 385.00 (55.00)¢
Mean+SD 91.00+6.524 63.00+4.478 81.00+2.24¢
Slot 1 12.42 <0.001*
Median (IQR) 90.00 (10.00)* 60.00 (5.00)® 80.00 (0.00)¢
MeanxSD 1274.00+65.71~ 52.00+5.708 135.00+0.00¢
Slot 2 12.99 <0.001*
Median (IQR) 1270.00 (85.00)* 50.00 (5.00)® 135.00 (0.00)¢

Values with different superscript letters within the same horizontal row are significantly different. *significant (p<0.05).
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Regarding results at slot 2, PEEK group
showed lesser strain value in comparison to PEKK
group which was In contrast to the findings of
Bagley and Bell [39] and Alsadon et al. [40]
who reported that PEKK shows better mechanical
values when compared to PEEK (pure and
glass-reinforced) in the tensile strength, flexural
strength and compressive strength and better
stress distribution. Also Lee et al. [41] and
Sirandoni et al. [42] reported that the shock
absorbing property of PEEK is limited to the site
of its presence. But distant sites received higher
stresses when PEEK was compared to other rigid
materials.

Finally, a limitation of this study was that
it was carried out in-vitro, without taking into
consideration the effect of individual patient
variation regarding the supporting structures for
the fabricated prostheses. Thus, future clinical
trials should be carried out as such in-vitro
researches do not eradicate the requirement for
clinical ones. The null hypothesis was rejected
as there was significant difference between the
three groups in regard to the strain induced on
the supporting structures.

To reduce detrimental forces falling on
the abutment and free end saddle area in class
IT Kennedy cases, it is recommended to use a
polymeric material for the construction of RPD
framework. Apart from their better aesthetics,
they have a mechanical advantage and can
be used to better preserve the supporting
structures.

CONCLUSION

Within the limitations of this study it could
be concluded that the use of polymers like
PEKK and PEEK for the construction of RPD
frameworks can be a promising treatment option
when compared to PFM frameworks. Moreover
PEEK induces the least strains on the supporting
structures due to its resilient nature and ability
to dissipate forces effectively.
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