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ABSTRACT  

 

Aim & Objectives: Aim of this in vitro study was to comparatively evaluate the wear resistance of two 

different materials used as provisional implant supported restorative Prosthesis. 

Materials & Methods: Twenty natural mandibular first premolar teeth were considered as antagonistic teeth 

specimens. Ten samples each of milled PMMA (GROUP I), milled PEEK (GROUP II) were designated as 

disc samples. The samples were subjected to wear tests in a pin-on-disc machine. Surface roughness, wear 

rate, was measured after wear testing. The results were statistically analyzed using paired t tests. SEM 

analysis was done for one representative tested sample from each test group. 

Results: Mean surface roughness (Ra) values before and after wear test for GROUPS I, II were 0.8276, 

6.0214, 0.473 and 1.1948, respectively. Mean wear rates (mg/min) of GROUPS I & II were 0.00087, 0.0108 

respectively. SEM analysis revealed prominently roughened surface for GROUP I, and smoother surface for 

GROUP II. 

Conclusion: Within the limitations of the study, milled PMMA exhibited significantly higher surface 

roughness both before and after wear test as compared to both milled PEEK which was corroborated by 

surface profilometry and SEM analysis. Milled PEEK exhibited a marginally smoother surface compared to 

Milled PMMA. Milled PMMA showed significantly higher wear as compared to milled PEEK indicative of 

least wear resistance. 
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Introduction 

The role of provisional implant supported prosthesis is crucial in implant therapy, since it allows proper 

contouring of the gingival soft tissues around the implant abutment junction
[1]

. The average time of an implant 

supported provisional restoration is usually three months, but this period can be prolonged if an extended 

evaluation period is required. The time period for which they need to remain in place are dependent on the 

implant site preparation prior to implant placement, the loading protocol and the soft tissue contouring 

required afterwards
[2,3]

. Long term provisional restorations are indicated in certain conditions such as 

medically compromised patients and also patients undergoing extensive rehabilitation procedures with 

multidisciplinary approach
 [4, 5]

 

Various methods have been recommended to fabricate implant supported provisional restoration (ISPR). They 

can be made either in the dental operatory or at the dental laboratory
[6]

 The provisional materials used in the 

laboratory include, heat cured polymethylmethacrylate resin (PMMA), indirect laboratory composites and 

more recently, CAD CAM milled PMMA and Polyetheretherketone (PEEK) materials
[7,8,9]

. Traditionally, heat 

cured PMMA were widely used in the construction of interim restorations due to their ease of manipulation 

and low cost.  However, they exhibit clinical disadvantages like polymerisation shrinkage, poor wear 

resistance and colour instability
.[10]

 Millable PMMA materials are reported to overcome these drawbacks
[11]

 

CAD/CAM technology is being used for the fabrication of provisional restorations, which traditionally have 

been made of acrylic resins or composite resin materials. High density polymers based on highly cross linked 

PMMA or composite resins have gained interest recently
[12]

. 

The novel high performance composite polyetheretherketone (PEEK), with its favorable mechanical 

properties is a polymer form of polyaryletherketone (PEEK) is available in both granular form and milled 

blanks. It is biocompatible and is stable by both in organic and inorganic chemicals.
[13]

 Stawarczyk etal 

reported a mean load bearing capacity of 1383N for a three unit PEEK fixed dental prosthesis (DP)
[14] 

, 

suggesting the use of PEEK as a suitable material for this purpose.  

An important prerequisite for the successful assessment of ISPR is the wear resistance of the provisional 

materials employed. Wear of the material is influenced by numerous factors including contact, geometry, 

surface roughness, micro structural features, fracture toughness, velocity, load, temperature, duration, 

environment and lubrication
.[3,17]

. Occlusal wear results in alterations in the surface texture of the substrate 

material. Changes in the surface roughness/topography, favors the formation of biofilm, leading to inadequate 

oral hygiene maintenance and eventually causes chipping or fracture of the restoration
[3]

. 

Surface texture analysis by 3-D surface profilometry aids in qualitative visualization as well as the 

quantitative measure of the surface roughness (represented as Ra values) and helps to extrapolate the results 

with those obtained from two-body wear tests and qualitative SEM analysis.
[8,15,18] 

A sensitive method to 

study differences in the structural integrity of a dental restorative material is by determination of wear using a 

two-body wear test
.[19]

 Two-body abrasion results in surfaces that are rubbed away from direct contact. In the 

mouth these conditions occur predominantly during non masticatory tooth movement.
[20] 

There are several 

testing methods capable of analyzing two-body wear patterns between different bio materials such as pin-on-

disc, reciprocating, ball and crater, twin disc, etc. Tribological wear process refers to the presence of a “third 

body” between the teeth and their opposing restorations during mastication.
[20]

 Many authors have suggested 

the use of pin-on-disc as one of the most reliable methods to evaluate wear. These in vitro wear tests are 

conducted to simulate a particular duration of clinical use by setting a fixed number of wear cycles in the 

testing equipment. Pin-on-disc wear testing is a method of quantitatively evaluating the rate of wear, 

coefficient of friction, and volume loss of material between two materials. This tribological test can simulate 

multiple modes of wear including unidirectional, bidirectional and omnidirectional forces
 [21, 22]

. 

Dental interest in CAD/CAM provisional materials, has increased due to its higher fracture resistance, better 
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stress distribution and lower abrasion of the antagonist enamel.
[23] 

Previous studies have evaluated the 

tribological behaviour for conventional composite resins and dental ceramics.
[24] 

Studies evaluating the wear 

of CAD/CAM polymers used as a provisional ISPR material are very few.
[25] 

The applications of PEEK as an 

interim material for implant supported crowns are still in its early stages and data pertaining to its wear 

behaviour is sparse.
[26] 

Scanning electron microscopy (SEM) is used as an adjunct for qualitatively 

interpretation of in vitro test results. SEM images aid in improving our understanding of the effect(s) of 

various test parameters on the test materials. SEM has been used in previous wear tests studies to achieve this 

purpose. Since the wear behaviour of the long term provisional material is essential for the durability of the 

implant supported restorations, the tribological behaviour of these materials needs further evaluation. In view 

of the above, the present in vitro study was conducted to comparatively evaluate the wear resistance of two 

different materials used for provisional implant-supported restorations. 

The null hypothesis of the present study was that the wear testing will not result in significantly different wear 

outcomes for the two test materials.  

Materials and methods 

The present in-vitro study was conducted to comparatively evaluate the wear resistance of two different 

materials used for provisional implant supported restorations. 

Twenty extracted human mandibular first premolar (Figure 1) free of dental caries were used for this study 

and embedded into acrylic blocks to function as pins for the pin-on-disc testing procedures. They were 

randomly divided into two groups of 10 each. CAD/CAM PEEK, CAD/CAM PMMA blank materials were 

milled to the dimensions of 20mm X 5mm test discs These test discs were grouped as Group I(Milled 

PMMA) (Figure 2), Group II (Milled PEEK) (Figure 3)(n=10 per group) 

Preparation of artificial saliva & storage of test samples for wear testing:   

To one litre de-ionized water, 0.65g/litre of potassium chloride, 0.058 g/litre of magnesium chloride, 0.165 

g/litre of calcium chloride, 0.804 g/litre of di-potassium hydrogen phosphate, 0.365 g/litre of potassium di - 

hydrogen phosphate, 2 g/litre of sodium carboxymethyl cellulose were added and dissolved to obtain artificial 

saliva. The test samples were soaked in saliva solution 24 hours before to simulate the oral conditions and to 

have thin film of saliva over the surface of the discs. (Figure 4) 

Wear testing procedure:  

The test sample was removed from artificial saliva after 24 hours of storage, and was positioned on to the 

customized metal mould disc. The mould disc along with the test sample was placed on the revolving disc of 

the wear testing machine (Pin-on-disc machine) (Figure 5 & 6). The pin/tooth was placed into the pin holder 

and the clamp screws were tightened to avoid slipping during the loading and rotation of the disc. The pin was 

then adjusted so that the tooth would have a point contact against the disc sample by adjusting the track 

diameter to 10mm (Figure: 6), the respective screws are tightened for the pin and the disc. Each test sample 

was subjected to 5000 wear cycles at 750 RPM. The time period required to fulfill these cycles and RPM was 

calculated using the following formula. Time in sec: (sliding distance in m *60000/3.14* sliding dia in mm* 

R.P.M) This calculated time was found to be 6 minutes and 32 seconds and was kept uniform for wear testing 

of all the test samples used in this study. The above mentioned parameters (wear cycles, RPM, time duration 

and the load=25N) were set in the control panel of the wear testing machine, and the wear testing was 

conducted individually for all the 20 test samples (test samples of Group I and Group II) . The entire 

procedure of wear testing was carried out under the constant flow of artificial saliva. 

Tabulation of the results and statistical analysis: The results obtained were tabulated and the data was 

subjected to statistical analysis using the SPSS-16 software. 
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Results 

The Groups I & II test discs were weighed using micro balance and surface roughness values measured using 

3D profilometry before wear testing (Figure 11). The tooth pins and test material disc samples were 

individually subjected to wear testing in a pin-on-disc wear testing machine. All the test samples of GROUPS 

I, & II were weighed and surface roughness values were measured after wear testing (Figure 5-8 & 12-15) 

Basic and mean wear rates for each test group were obtained (Table 1). The results were statistically analyzed 

using paired„t‟ tests. (Table 2 & 3) SEM analysis was done for one representative tested sample from each test 

group. (Figure 9 & 10) 

 

Sample No 

 

Milled PMMA Disc Milled PEEK Disc 

Before (Ra) After (Ra) Before (Ra) After (Ra) 

1 0.871 0.593 0.705 1.39 

2 1.49 3.11 0.226 4.79 

3 0.768 14.9 0.741 0.627 

4 0.58 0.331 0.352 0.537 

5 0.631 10.1 0.691 0.71 

6 0.54 1.33 0.286 0.341 

7 0.911 6.96 0.508 0.526 

8 0.667 15.3 0.285 1.26 

9 1.14 6.51 0.311 0.805 

10 0.678 1.08 0.688 0.962 

Mean 0.8276 6.0214 0.473 1.1948 
 

Table 1: Mean surface roughness (Ra) of Group I (milled PMMA disc), Group II (milled PEEK disc), test 

samples before and after wear test 

 

Sample No Milled PMMA (Milligrams 

/Min) 

Milled PEEK (Milligrams /Min) 

1 0.001533231 0.022270298 

2 0.001145778 0.000104025 

3 0.001747311 0.00000302 

4 0.00000105532 0.000508062 

5 0.0000030152 0.00000302 

6 0.00000361825 0.012677426 

7 0.00000452281 0.00000452 

8 0.00000286444 0.049550358 

9 0.002192053 0.010048168 

10 0.002026217 0.013206594 

Mean 0.000879535 0.010837548 
 

Table 2:  Mean wear rates (milligrams/min) for Group I (milled PMMA disc), Group II (milled PEEK disc) 

test samples after wear test 
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*p < 0.05, statistically significant. 

 

Table 3: Comparison of the respective before wear test and the respective after wear test mean surface 

roughness values (Ra) within Group I (milled PMMA disc) and within Group II (milled PEEK disc) 

 

Discussion 

With regards to implant supported provisional restoration, PEEK biomaterial offers superior features such as 

excellent mechanical properties, natural radiolucency, lack of toxicity and MRI compatibility.
[27] 

Another 

salient characteristic of PEEK is its lower elastic modulus which is important in the distribution of stresses to 

the cortical bone. Many studies have evaluated the biocompatibility of PEEK as a biomaterial. However, not 

many studies have been done evaluating the wear resistance of milled PEEK and its application as provisional 

material for implant supported restoration.  

Studies evaluating the wear resistance of various biomaterials such as gold, amalgam, ceramics, acrylics, etc 

are all well recognized. Identical studies involving CAD/CAM polymers remain very few. Studies 

comparing
[28]

. The wear parameters of milled PEEK material along with quantitative and qualitative surface 

analysis are not much reported 

A wear testing machine is intended to simulate the masticatory cycle both functional and parafunctional, 

which allows analysis of two-body and three-body wear process and has been used in various in vitro studies 

to evaluate the effect of wear resistance of different substrate materials against an antagonistic tooth.
[29, 30, 31]

 

Pin-on-disc wear testing machine was used in this present in vitro study. The pin portion was represented by 

the mandibular first premolar tooth and the disc portion corresponded to the test materials. In some studies the 

test materials were positioned in the holder and the antagonist tooth on the disc assembly.
[31]

 

The wear testing procedure was developed in an attempt to simulate the wear process that occurs in the 

mouth. The range of masticatory cycle for a given day range from 5000-300,000 cycles, to simulate this 

condition, wear cycle was followed in this study was is in accordance with the study done by Shetty MS et al. 
[32]

 The 12 wear test was done at 25N load at 750 rpm for 5000 cycles 51 and 750 rpm and the entire cycle 

lasted for 6 minutes and 32 seconds. Artificial saliva was made to flow on the substrate surface during the 

rotation of the disc.
[33, 34, 35]  

All the test samples and the antagonists tooth specimens were weighed before and 

after the end of 5000 cycles of wear test and the final weight was noted and tabulated. 

In the present study 3-D surface roughness texture analysis of all the test samples (GROUP I and II) were 

evaluated before and after the wear test using a 3-D surface profilometry. The mean surface roughness (Ra) 

for Groups I and II before wear test was found to be 0.8276 and 0.4373, respectively. The mean surface 

roughness of GROUPS I and II after wear test was found to be 6.0214 and 1.1948 respectively (Table 1) 

On comparison of the mean wear rate of all the two groups GROUP I and II, it was found that the mean wear 

rate of PMMA samples were higher as compared to milled PEEK (Table 2). In a previous study by Santing HJ 

S.No Group Mean SD P value 

1 PMMA (Ra BEFORE) 0.8276 0.294  

         0.020* 
2 PMMA (Ra AFTER) 6.0214 5.768 

3 PEEK (Ra BEFORE) 0.4793 0.209  

          0.139 
4 PEEK (Ra AFTER) 1.1948 1.306 
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et al
[36]

, the wear rate of indirect composite material and milled PMMA material were tested. And the results 

showed lesser wear for indirect composite and higher wear rate for milled PMMA. This is in contrast to the 

results obtained in the present study. This could probably be attributed to the differences in the design of the 

study, materials utilized and study parameters. Since there is a paucity of the studies pertaining to the present 

in vitro study the results cannot be comparable.  

The influence of the surface roughness results indicate that, even though the presence of the roughness was 

observed on all the test samples after wear testing, GROUP I samples showed significantly higher value as 

compared to GROUP II. This is of clinical concern since roughened surface acts as a nidus for biofilm 

formation and predisposes the surface to an accelerated wear. So the selection of the biomaterial should be 

done cautiously based on the intended duration of the prosthesis function.
[36]

 

The present study has some limitations. The study conducted was two-body wear and not a three-body wear. 

Hence situations replicating clinical scenarios and different masticatory cycles should be included in future 

study. The effect of thermocycling was not evaluated in the study, as the samples were only soaked in 

artificial saliva 24 hours prior to the wear test. Hence proper protocol for thermocycling should be done in 

subsequent studies for predictable results. Future studies incorporating these parameters including a larger 

sample size with comparing three different materials are recommended to add merit to the results obtained 

with the present study 

Conclusion 

Within the limitations of the present study, milled PMMA exhibited significantly higher surface roughness 

both before and after wear test as compared to milled PEEK which was corroborated by surface profilometry 

and SEM analysis. Milled PEEK exhibited a smoother surface compared to Milled PMMA. Milled PMMA 

showed significantly higher wear as compared to both milled PEEK, indicative of least wear resistance among 

the test materials. Future studies replicating clinical scenarios and incorporating one more material, longer 

wear cycles with a larger sample size are recommended to enhance the results obtained with the present study. 
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Figure 1:   Mandibular First premolar teeth to 

be used as pin 

 

Figure 2: CAD CAM PMMA Discs 

 

Figure 3: CAD/CAM PEEK Discs 
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Figure 4: Discs soaked in artificial saliva 

Figure 5:  Pin -On- Disc Machine 

 

Figure 6: Wear test done under artificial 

saliva 
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Figure7: Wear tested PMMA Discs 

 

Figure8: Wear tested PEEK Discs 

 

Figure 9: SEM photomicrograph of tested Group I sample under 200X and  500x 

magnification 

Group I (milled PMMA) representative tested sample revealed a predominantly 

microroughened and frosty surface under 250x magnification. Under 500x magnification, the 

frosty areas were well defined and pronounced peaks and valleys distributed throughout the 

surface, indicative of greater surface roughening. 
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Figure 10:  SEM photomicrograph of tested Group II sample under 200X and  500x 

magnification 

Group II (milled PEEK) representative tested sample revealed a predominantly smoother surface 

with sparsely distributed elevations under 250x magnification. Under 500x magnification, these 

elevations appeared as sparsely distributed and poorly defined peaks indicative of a smoother 

surface 

 

Figure 11:  Non-contact 3D profilometer 

Figure 12: Advanced 3D view of surface topography 

of Group I (milled PMMA) test disc before wear test 

obtained by 3D surface profilometery. 

Evenly distributed, distinct peaks and valleys visible 

throughout the surface of the sample. Peaks and 

valleys are of larger diameter, indicative of a 

moderately rough surface 
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Figure 13: Advanced 3D view of surface 

topography of Group I (milled PMMA) test disc 

after wear test obtained by 3D surface 

profilometery. 

Well defined, heavily pronounced and densely 

distributed peaks and valleys of greater depth 

indicative of a rough surface visible throughout the 

surface of the sample. The surface roughness was 

more pronounced in intensity over that of the 

before wear test 

 

Figure 14: Advanced 3D view of surface 

topography of Group II (milled PEEK) test disc 

before wear test obtained by 3D surface 

profilometery 

Peaks and valleys that were moderately 

pronounced were distributed sparsely throughout 

the surface of the sample. These were of smaller 

dimensions indicative of a moderately rough 

surface 

 

Figure 15:Advanced 3D view of surface 

topography of Group II (milled PEEK) test disc 

after wear test obtained by 3D surface 

profilometery. 

Poorly defined peaks and valleys were found in 

patchy distribution throughout the surface of the 

sample. There were no obviously significant 

differences in surface roughness between the 

before and after wear test images. 
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