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Article 
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Abstract: Background: Restorative materials might significantly affect load transmission at peri-

implant bone. The aim of the present study is to evaluate the shock absorption capacity of two 

different polymeric materials to be used as frameworks for implant-supported prostheses. Methods: 

A masticatory robot was used to compare the shock absorption capacity of polyetherketoneketone 

(PEKK) Pekkton®ivory (Cendres+Mètaux) and glass fiber-reinforced composite (GFRC) TRINIATM 

(Bicon). Five identical sample crowns for each of the materials was tested under the same conditions 

described in previously published papers (Menini et al. 2013). Forces transmitted at the simulated 

periimplant bone were recorded and statistically analysed. Results: The statistical analysis of forces 

transmitted at the simulated dental implant revealed significant differences between all the 

materials tested and significant differences with the materials tested in a previously published paper 

(Menini et al. 2013: zirconia, glass ceramic, composite resin, acrylic resin). Only differences between 

PEKK and veneered PEKK and between PEKK and one of the previously tested composite resins 

were not statistically significant. PEKK samples demonstrated significantly greater shock 

absorption capacity compared to GFRC.Conclusions: PEKK revealed optimal shock absorption 

capacity. Further studies are needed to evaluate its efficacy in case of long span prostheses with 

reduced prosthetic volume. 

Keywords: dental implants; shock absorption; high-performance polymers; polyetherketoneketone  

 

1. Introduction 

The design and material of implant-supported prostheses greatly affect the long-term success of 

the rehabilitation contributing to the recovery of masticatory function as well as patients’ quality of 

life. Usually frameworks for implant-supported prostheses are made by casting metal or milling 

either titanium or zirconia [1,2]. As an alternative, polymeric materials might be also used as 

framework materials.  

Previously published studies demonstrated the feasibility of using carbon fiber reinforced 

composites (CFRC) or glass fiber reinforced composites (GFRC) for the fabrication of full-arch 

implant-supported prostheses [1-3].  

In addition, high performance polymers (HPPs) are available. The HPPs that have entered 

dentistry are the polyaryletherketones (PAEKs), a family of synthetic semi-crystalline thermoplastic 

polymers including different materials with varying chemical structures. PAEKs are commonly 

described in terms of an «E» and a «K» which means the sequence of ether and ketone group units in 

the polymer structure.  
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The most common PAEKs are polyetheretherketone (PEEK) and polyetherketoneketone 

(PEKK), although also other polymers such as polyetherketone (PEK), 

polyetherketoneetherketoneketone (PEKEKK), etc. exist. In their unaltered, unfilled state, these 

materials are ivory-greyish in color and they can be filled with pigments or reinforcing agents in 

order to improve their esthetic and mechanical performances.  

In particular, biocompatible high-performance polymer (BioHPP) is a PEEK subgroup with an 

additional 20% of 0.3- to 0.5-mm ceramic fillers. It is currently being used in the fabrication of 

removable partial denture frameworks, removable dentures, obturators, crowns, fixed partial 

dentures, endocrowns, post-and-cores, and individual implant abutments [4-6].  

On the other hand, polyetherketoneketone (PEKK) was first introduced by Bonner in 1962, and 

since then it has been used for different industrial and military purposes [7]. Thanks to its several 

qualities, it was introduced in the medical and dental field with a wide range of applications [8]. It 

has been used as an alternative to metal and ceramics in dentistry. It has excellent mechanical 

properties, low density, low weight, semiradiolucency, antibacterial activity, an ivory color similar 

to that of teeth, chemical and wear resistance, and excellent biocompatibility [7-10].  

Regarding mechanical properties, PEKK demonstrated good strength-to-weight ratio and very 

closely resembles the characteristics of human mineralized tissues. In fact, its density (less than 

2g/cm3), compressive strength (between 200 and 300 MPa) and modulus of elasticity (5.1 GPa) are 

comparable to those of dentin and bone. PEKK has an 80% greater compressive strength and better 

long-term fatigue properties than unreinforced PEEK, because of the extra ketone group [11,12]. 

Due to the above mentioned characteristics, PEKK has been taken into consideration as a 

restorative material for fixed prostheses in order to fabricate both monolithic and bi-layered 

structures, the latter veneered with composite resin, crowns and bridges on natural teeth, inlays-core 

with or without onlays and even monolithic posterior crowns [7].  

Several applications have been documented, including: crown and bridges, endodontic posts, 

splinting devices, implant-supported prostheses, implant abutments, framework for overdentures 

and removable prostheses, etc. [13-15]. PEKK has been also used to fabricate dental implants [7].  

PEKK can be manufactured in two different ways: injection molding (pressing) or CAD/CAM 

milling process. It must be underlined that the surface preparation of PEKK before bonding (a specific 

procedure combining mechanical retention and chemical bonding) is mandatory in order to obtain 

acceptable bonding values. According to an in vitro study by Fuhrmann et al., evaluating resin 

bonding to PAEKs, crystalline and amorphous PEKK exhibited lower values of tensile bond strength 

than fiber-reinforced PEEK, and highest values were achieved after conditioning PEKK and PEEK 

with silica coating and priming [16].  

Ease of product and repair, resistance to corrosion, possible shock absorption capacity, good 

aesthetics, low costs, etc. make polymeric materials like PEKK particularly suitable also for implant 

prosthodontics when compared to other aesthetic materials such as ceramic and zirconia.  

In addition, restorations made of radiolucent polymers such as PEEK or PEKK can significantly 

reduce CT artifacts and increase image quality compared to titanium and zirconia [17]. 

However, these new promising materials need in vitro and in vivo investigations to validate 

their effectiveness. 

One of the most relevant mechanical properties related to the aspect of shock absorption is the 

flexural strength and elastic modulus. This aspect has to be considered when investigating the 

eventual application of PEKK as framework material in implant prosthodontics, especially for full-

arch implant-supported rehabilitations and especially in case of immediate loading protocols where 

load control is mandatory to ensure an adequate osseointegration avoiding or minimizing implant 

micromovements. A proper load control is tied to patient-related factors and to prosthesis design and 

material. The presence of a stiff substructure, which rigidly splints the implants together, is supposed 

to provide a good distribution of occlusal stress more evenly to the abutments and implants. This 

would prevent high levels of compressive forces and strains on peri-implant bone, which is 

particularly important right after implants insertion in case of immediate loading [1,18] . At the same 

time the shock-absorption capacity of restorative materials might help to dampen occlusal loads [19]. 
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Shock-absorption is supposed to be different for this innovative polymeric material, compared 

to competitor polymeric materials (fibre-reinforced composites) and traditional materials (acrylic 

resin, traditional resin composite, glass ceramic, gold alloy, zirconia). 

Therefore, the aim of the present in vitro study was to compare the shock absorption capacity of 

a high-performance polymer with the shock absorption capacity of a glass fiber reinforced composite 

through the use of a masticatory robot.  

In particular Pekkton®ivory, that is a polyetherketoneketone with titanium dioxide pigments, 

was tested and compared with TRINIA®, a high performance CAD/CAM glass fiber-reinforced 

composite. Both veneered and non-veneered crowns have been tested. 

In addition, the outcomes were compared with those of previously tested materials (acrylic resin, 

composite resin, gold alloy, glass ceramic and zirconia) [19].  

2. Materials and Methods 

The masticatory robot set-up of the University of Genova (Italy) used in previously published 

papers [19-21] (Figure 1) was used to compare the shock absorption capacity of 2 polymeric materials: 

polyetherketoneketone Pekkton®ivory (Cendres+Mètaux SA, Biel/Bienne, CH) and glass fiber-

reinforced nanohybrid composite resin TRINIATM (Bicon, Boston, USA) (Table 1).  

The masticatory robot is able to simulate three-dimensionally the masticatory cycle and to 

reproduce the forces exerted during mastication. The movable part of the robot is constituted of a 

Stewart platform and it is equipped with a sensorized base which records the loads transmitted at 

the pin simulating the implant-abutment system. Sample crowns to be tested are placed on the pin 

[20,21]. 

 

Figure 1. The sensor-equipped masticatory robot employed in the present research. 

Table 1. Resuming table of the properties of the materials tested. 

Material property TRINIATM Pekkton®ivory

Flexural Strength 393 MPa 200 MPa 

Flexural Modulus of Elasticity 18.8 GPa 5.1 GPa 

Tensile Strength  169 MPa 119 MPa 

Compressive Strength 339 MPa 246 MPa 
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Rockwell Hardness (R-Scale) 870 HV 33 HV 

Density 1.68 g/cm3 1.4 g/cm3 

Fracture strength 9.7 MPa m1/2 115 MPa 

Water absorption 0.03 % 8.7 µg/mm3 

2.1. Sample crowns 

Five identical sample crowns were made of each of the materials to be tested: 5 Pekkton®ivory 

full contour samples (PI), 5 Pekkton®ivory veneered samples (PIV), and 5 TRINIATM full contour 

samples (TR) (n=15).  

Both PI and TR sample crowns were milled. PIV crowns were realized using milled 

Pekkton®ivory as framework material with thickness in the range of IFU recommendations (i.e., 1 

mm). The framework was veneered using the composite resin anaxBLEND Flow opaquer and dentin 

(anaxdent GmbH, Stuttgart, DE). 

All the crowns had identical shape and dimensions (5 mm thick) to the ones tested in previously 

published studies in order to be fitted on the existing metal pin simulating the implant-abutment 

system to be screwed in the masticatory robot [19]. 

 
(a) (b) 

Figure 2. (a) Pin simulating the implant-abutment system provided with a groove that matches with 

the sample crown; (b) PEKK crown inserted onto the pin. 

2.2. Test set-up 

The samples were tested using the robotic chewing simulator of Genoa University under the 

same conditions described in previously published papers. The chewing robot was set to follow the 

same 3-dimensional trajectory used in previously published studies [19]. 

All the crowns were positioned in occlusion with the flat fixed upper part of the robot (start 

position=end position) and were placed under 100 consecutive chewing cycles. 

2.3. Statistical analysis 

Only vertical loads on z-axis were considered and then processed With MATLAB 6.1 software 

(MathWorks). The maximum values of the forces (N) for each chewing cycle were recorded and mean 

and standard deviation (SD) of the maximum values of the forces were calculated for each sample 

crown. These values underwent statistical analysis using the software SAS 9.4. Two-way analysis of 

variance (ANOVA) was used to compare maximum forces and Welch's t-test, considered in case of 
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unequal variances, has been computed. The data recorded in the present investigation were also 

compared with data reported in the previously published study [19]. Alpha was set at .05.  

3. Results 

No fractures nor chippings of the samples occurred during the tests. 

All the sample crowns showed a shock-absorption behaviour similar to composite resin 

materials tested in previously published studies [19]. The values of stresses transmitted to the 

simulated periimplant bone resulted far lower compared to zirconia, ceramic materials and metal 

alloys. 

Resulting vertical loads expressed in Newton are resumed in Table 2. 

The analysis of variance (ANOVA) revealed statistically significant differences with a p-

value<.0001.  
No considerable differences were found between Pekkton®ivory and Pekkton®ivory Veneered, 

within a significance level of 5% (p-value Pekkton Ivory vs Pekkton Ivory Veneered 6.45%).  

On the contrary, TRINIATM showed higher values of force compared to Pekkton®ivory and 

Pekkton®ivory Veneered. 

Both Pekkton Ivory vs TRINIATM and Pekkton Ivory Veneered vs TRINIATM presented 

significant statistical differences in forces transmitted at the simulated dental implant with p-values 

<1%. 

Welch's t-test was applied to individually compare Pekkton Ivory, Pekkton Ivory Veneered, and 

TRINIATM with each of the materials tested in the previously published paper [19]. All the 

comparisons revealed statistically significant differences at 1% except the comparison between 

Pekkton Ivory and Signum composite resin (p-value: 0.2396). 

Table 2. Table resuming mean maximum occlusal forces (N) recorded during 100 masticatory cycles 

of the masticatory robot using sample crowns made of PEEK and of glass fiber-reinforced composite. 

Sample 
Pekkton® ivory Pekkton® ivory veneered TRINIATM 

Mean ± SD (N) min (N) MAX (N)Mean ± SD (N) min (N)MAX (N)Mean ± SD (N) min (N) MAX (N)

1 194.664 ± 2.037 191.547 207.656 214.274 ± 2.143 210.955 224.221 240.685 ± 1.890 237.622 251.655 

2 201.490 ± 1.961 197.282 213.019 229.910 ± 1.777 226.891 239.053 257.446 ± 2.415 253.766 273.020 

3 174.865 ± 4.254 169.962 194.329 216.873 ± 2.010 211.908 227.352 245.492 ± 3.960 240.717 274.793 

4 198.381 ± 2.060 195.554 211.475 193.914 ± 1.951 189.975 205.977 260.094 ± 3.805 255.703 286.513 

5 202.872 ± 2.306 199.964 217.816 203.231 ± 1.878 197.737 212.133 247.298 ± 2.254 243.770 262.483 

Mean 194.454 ± 10.544 169.962 217.816 211.640 ± 12.437 189.975 239.053 250.203 ± 7.954 237.622 286.513 
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Figure 3. Maximum vertical forces recorded for the materials tested in the present investigation and 

for the materials tested in the previously published paper [19]. 

4. Discussion 

The present investigation shed light on the shock-absorption capacity of two different polymers 

employed for implant-supported fixed prosthesis. Sample crowns were realized using PEKK 

(Pekkton®ivory), and a glass fibre-reinforced composite (TRINIATM). The use of different restorative 

materials significantly affected the forces transmitted at the simulation of the dental implant. Only 

the differences between PI and PIV and between PI and Signum composite resin were not statistically 

significant, probably due to the similar elastic modulus of the two polymers. 

Tests have been performed using also veneered crowns using Pekkton®ivory as framework 

material and a composite resin as veneering material (anaxBLEND Flow opaquer and dentin) in order 

to be closer to real situations. In fact, PEKK requires veneering due to its low translucency and grayish 

color. The bond strength of composite veneering materials is one of the aspects of PEKK that needs 

further evaluation in future studies [8]. 

In fixed prosthesis, one of the crucial factors for long-term clinical success is the correct choice 

of the framework material that supports the artificial teeth, and transfers the loads to the 

substructures including implants and periimplant bone [22]. 

Frameworks for implant-supported prosthesis are typically made by casting metal or milling 

titanium or zirconia.  

Metal reduced elastic modulus and consequent high stiffness allows distribution of masticatory 

loads at the periimplant bone. However, metal is less resistant to bending, less biocompatible, and 

entails high costs and process time. In addition, its adhesive affinity with acrylic resin is not optimal 

and often causes the chipping of dental aesthetic veneers from the framework, with consequential 

patient discomfort [1]. 

Titanium with its alloys is also rigid, more biocompatible, but has a high melting point and 

reactivity, making special equipment necessary for its processing [23]. 

Metal-free computer-aided design and computer-aided manufacturing (CAD-CAM) dental 

materials have been developed and include zirconia and also high-performance polymers and glass 

fiber-reinforced polymers such as the ones tested in the present study.  

The use of zirconia prostheses in modern implantology have been proposed as a promising 

alternative to conventional metal-based restorations. Aesthetic concerns lead to the indication of 

zirconia, due to its favorable biocompatible, biological and mechanical properties [24].  

The principal technical complication of zirconia implant-supported fixed dental prostheses is 

chipping or fracture of the layering porcelain [25]. A clinical study found a 31.25% porcelain 
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chipping/fracture rate after 2-4 years of function [26]. In addition, some authors suggested caution in 

employing zirconia frameworks, especially in case of potential risk factors for mechanical 

complications (e.g., parafunctional habits), because of zirconia high rigidity and strain concentration 

[27]. 

According to two recent systematic reviews, high zirconia weight, its difficult adjustment and 

polishing, as well as complications such as ceramic veneer chipping and the less frequent framework 

failure still represent frequent and unsolved problems [1,28]. 

Since the 1980s, there has been an interest in fiber reinforced composites (CFRCs), a group of 

nonmetallic biomaterials consisting of a resin matrix incorporating fibers made of carbon, or in most 

cases they are glass fibers. CFRCs special features include biocompatibility, aesthetics, low weight, 

and good static and dynamic strength, especially breaking strength in relation to weight. They are 

also less expensive than metals. In addition to cohesion agents and coatings (which improve 

wettability of the fibers and their adhesion to the matrix) they possess fillers that provide dimensional 

stability, reducing their cost [2,18,29]. 

According to a study by Menini et al., prosthesis tested with a carbon fiber-reinforced framework 

showed an amount of stress transfer to the supporting implants that was intermediate between metal 

framework and full-acrylic prosthesis [18]. 

CFRCs demonstrated optimal biocompatibility and mechanical characteristics, and they now 

appear suitable for the fabrication of frameworks for implant-supported full-arch restorations. 

However, the manufacture technique strongly affects the material mechanical characteristics, 

therefore great care must be taken in the use of this material [30,31]. 

Glass fiber reinforced composites have been also proposed as framework material for implant-

supported prostheses providing esthetic advantage compared to CFRC. In the present study 

TRINIATM (Bicon, Boston, USA) has been tested, which consists of 60% multi-directional interlacing 

glass fibers (woven configuration) and 40% epoxy resin in several layers [6,32-34]. TRINIATM is 

employed to fabricate copings, frameworks for anterior or posterior crowns and bridges, and for 

cemented or uncemented restorations, such as telescopic crowns. 

Jovanovic et al reported that glass fiber-reinforced resin-based materials reduce the impact of 

functional load on implants up to 50% when compared with ceramic-reinforced resin-based 

materials, in fact the elastic modulus is similar (18.8 GPa) to that of dentin (18.6 GPa) [6].   

In the in vitro study my Omaish et al., the microstrain values recorded around implants restored 

with TRINIATM were also significantly lower than those restored with bioactive high-performance 

polymer (BioHPP) when a static load was applied, with considerably higher microstrain when the 

implant abutment angulation increased [33]. 

On the other hand, non-reinforced acrylic resin, due to the reduced elastic modulus and low 

stiffness showed good flexural strength, but a higher degree of deformation resulting in more 

overload on the abutment closer to the loading point when multiunit prostheses are considered [30]. 

Thanks to their shock absorption potential, resilient veneering materials, such as acrylic or composite 

resin, have been proposed for coating rigid metal frameworks in traditional treatment protocols for 

full-arch implant supported rehabilitations [35]. 

Results previously reported by Menini et al. have shown that composite and acrylic resin absorb 

shocks from occlusal forces significantly better than ceramic and zirconia. This would allow to reduce 

loads at the bone-implant interface [19]. The presence of a rigid framework (so that loads are evenly 

distributed over the supporting implants), combined with a shock-absorbing effect of the veneering 

material, can be considered by the authors an optimal option for controlling occlusal loads. 

PEKK, a synthetic methacrylate-free high-performance polymer (HPP) with a semicrystalline 

structure, could be a versatile material that resumes several of the cited characteristics that are sought 

in a restorative material. In fact, it shows excellent physical and mechanical properties, such as 

melting temperature, compressive and fracture strength, and, as demonstrated by the present study, 

optimal shock absorption capacity [11,12,36-38]. According to a study by Alsadon et al. the fatigue 

limit of PEKK composite-coated molar crowns was comparable to that of cobalt-chrome and 

polymethylmethacrylate (PMMA) (750 N) [39]. In addition, thanks to its excellent biocompatibility, 
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it should be considered as an alternative to metal and ceramics for dental restorations [40]. In the 

present study, Pekkton®ivory (Cendres+Mètaux SA, Biel/Bienne, CH) has been used as PEKK 

material which demonstrated a significantly greater shock absorption capacity compared to 

TRINIATM. Pekkton®ivory was previously available both for pressing and milling. The pressing 

technology was taken off the market but CAD-CAM milling blanks are still available today and have 

been used in the present study. 

It must be noted that in the present study only single crowns have been tested in order to 

evaluate the shock absorption capacity of the materials. However, the use of PEKK and glass fiber 

reinforced composites as framework material should be carefully considered based on the prosthetic 

volume available. In fact, the thinner the framework and the longer the bridge span, the greater its 

flexure and possible bending moments on implant-prosthodontic components. Therefore, in case of 

multi-unit rehabilitations the outcomes could be different in terms of load transmitted to the dental 

implant and periimplant bone. 

In vitro studies and short-term clinical reports have evaluated the use of PEKK in dentistry for 

implant supported dental prostheses with favourable outcomes [41,42].  A recent in vitro study 

concluded that, although PEEK and PEKK implant abutments with titanium bases demonstrated 

adequate fracture resistance, before recommending PEKK or PEEK as alternative implant abutments 

materials, further studies are needed in order to evaluate their long-term performance [15]. 

The present study, using a masticatory robot, has the advantage of overcoming some of the 

limitations of other in vitro studies that rely, for example, on finite element analysis (undermined by 

the simplification of results inherent in the virtual simulation itself). However, as explained in detail 

in our previous study [19], even this in vitro model has a number of limitations in reproducing the 

three-dimensional clinical reality of masticatory function. First of all differences should be considered 

based on the type of restorations: different outcomes are expected when testing single crowns rather 

than multi-unit prostheses, due to the possible flexure of the bridge span. 

Little is known yet about PEKK mechanical response as frameworks for implant-supported full-

arch prosthesis. A finite element analysis by Shash et al. investigated the effect of polymeric 

frameworks (e.g., CFR-PEEK 30%, CFR-PEEK 60%, PEKK, and PEEK) as alternatives to titanium 

frameworks in implant-supported full-arch fixed prosthesis. PEKK frameworks slightly reduced the 

stresses on bone tissues, especially in low-density bone, however, it increased the mucosal stress 

(even if these values did not exceed the pain threshold value) [43]. CFR-PEEK 60% distributed the 

loads in a similar manner as the titanium framework. The authors concluded that polymeric 

frameworks can offer improved performance and aesthetics, greater design freedom, production of 

lighter prostheses, reduced overall cost, and reduced manufacturing and mechanical problems 

compared with titanium (Shash et al, 2023). 

According to a 3D-FEA by Lee et al., simulating a full-arch prosthesis supported by 4 maxillary 

implants, PEKK structures showed lower implant and tissue stress under compressive strain and 

higher stress under tensile strain. Therefore, the authors suggested that PEKK structure, being a 

resilient structure, should be limited in some areas, conversely a more rigid material such as titanium 

and zirconia can provide favorable stress distribution and safety of the implant prosthodontic 

components. [44]. 

A recent study by Villefort et al. employed the finite element analysis to compare the behavior 

of PEKK and PEEK prosthetic frameworks used in the all-on-four concept. It was observed that 

PEKK, thanks to its superior shock absorbance, induced lower stress concentration on the prosthetic 

screw and on the prosthetic base. According to the authors this would clinically represent a lower 

fracture risk on the acrylic base and screw loosening [10].  

In conclusion, according to the results of the present research PEKK, thanks to its structure, low 

elastic modulus (3-5 GPa), and high shock-absorption characteristics, might contribute to shock 

absorption of occlusal loads, reducing the stresses transferred to periimplant bone. This makes it a 

promising metal-free framework material for implant-supported prosthesis, particularly in case of 

fixed partial dentures.  
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However, based on the present outcomes and on data reported in the literature, further 

investigations and especially long-term clinical studies are needed before recommending its 

application as a restorative material for implant-supported full-arch prostheses, especially in case of 

long span prostheses with reduced prosthetic volume where the risk of prosthesis flexure might 

indicate the use of more rigid materials. 
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