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ABSTRACT 

Background: Metal-ceramic restorations were considered the gold standard; however, all-

ceramic restorations gained popularity owing to their remarkable properties. Purpose: To evaluate 

the marginal accuracy of IPS e.max and PEEK Bio.HPP monolithic crowns constructed by two 

fabrication techniques (Heat Press and CAD/CAM). Materials and methods: Twenty monolithic 

crowns were divided into two equal groups according to the materials used. Group E: Lithium 

disilicate crowns and Group P: PEEK BioHPP crowns. Each group was further subdivided into 

two equal subgroups according to the fabrication technique with five crowns per subgroup (n=5). 

Subgroup H: Heat Press technique and Subgroup C: CAD/CAM technique. A biogeneric copy 

STL file was generated biogeneric and sent to a 5-axis CAM machine to mill identical IPS e.max, 

PEEK BioHPP, and wax patterns. IPS e.max and PEEK Bio.HPP crowns were then heat-pressed 

using the milled wax patterns. The vertical marginal gap (VMG) distance was evaluated for each 

crown surface at five predetermined equally distributed points using the direct view technique. 

Results: There was no statistically significant difference in the VMG distance between IPS e.max 

(23.1±2.8μm) and PEEK Bio.HPP (24.4±1.6μm) crowns. Crowns heat-pressed from IPS e.max 

ingots (23.1±2.8μm) and PEEK Bio.HPP pellets (24.4±1.6μm) showed a lower statistically 

significant mean VMG distance than the crowns CAD/CAM milled from IPS e.max blocks 

(29.5±3.2μm) and PEEK Bio.HPP blanks (30.2±1.4μm). Conclusion: IPS e.max and PEEK 

crowns fabricated using either technique showed clinically acceptable results, meanwhile the heat-

pressing technique showed better marginal adaptation when compared to milled crowns. 

Keywords: Marginal gap, lithium disilicate, PEEK Bio.HPP, fabrication techniques, fit. 

INTRODUCTION 

Metal-ceramic restorations were 

considered the gold standard used in clinical 

practice. However, all-ceramic dental 

restorations surpassed porcelain fused to 
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metal system in terms of their properties, 

especially the esthetic appearance. Several 

modifications in dental ceramics have been 

made to achieve clinically acceptable 

restorations without compromising 

aesthetics.
1-3 

Lithium disilicate is a ceramic material 

that gained popularity in the last decade. 

Lithium disilicate is supplied in two forms, 

ingot for the heat-pressing technique or as a 

block for CAD/CAM machining. Its 

remarkable ability in mimicking natural 

dentition makes a seamless transition with 

adjacent oral structures. Its modulus of 

elasticity (60-70GPa) is close to that of 

enamel (40-80GPa); however, it is still far 

beyond that of bone and dentin (7- 30GPa).1–

8 

PEEK Bio.HPP is a ceramic-filled 

polyetheretherketone (PEEK) thermoplastic 

polymer. It was preliminarily manufactured 

for dental prosthetic use. Their modulus of 

elasticity of 4GPa is comparable to that of the 

dentin and spongy bone. This makes it a 

material option for endocrowns, crowns, and 

bridges. It is supplied in the form of blanks 

and prefabricated granules and pellets for the 

CAD/CAM and the heat pressing techniques 

of fabrications, respectively.9–16 

The fit of dental restorations is a vital 

marker in predicting the longevity of dental 

restorations, hence, the clinical success. 

Thus, it acts as a fundamental component for 

evaluating indirect dental restorations. The 

gap between the tooth and restoration, if 

enlarged, renders an ill-fitting restoration 

which reflects in its imprecise seating and the 

uneven thickness of the luting cement layer 

beneath it. A large discrepancy accelerates 

cement dissolution, hindering the interface 

susceptible to discoloration, microleakage, 

and plaque accumulation, and resulting in 

gingival irritation, recurrent caries, and 

consequently pulpal disease. The amount of 

misfit is directly proportional to recurrent 

caries and periodontal disease, and therefore 

jeopardizes the restoration’s lifespan.17–21   

There are several factors during 

restoration manufacturing that may 

negatively influence its fit. These includes 

the preparation design, impression technique, 

cement gap space, material processing and 

manufacturing, type of material used, core 

thickness, wax pattern manufacturing, 

cementation procedure, and veneering and 

glaze layer application.20,22–48 

To quantify the fit, the restoration’s 

VMG is measured. McLean J and von 

Fraunhofer J49 concluded that most 

restorations with marginal discrepancy 

≤120μm are highly probable to be successful, 

rendering it the clinically acceptable value. 
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However, there is no consensus on the 

clinically acceptable marginal gap.  The 

clinically acceptable values have a wide 

range as they are highly dependent on the 

fabrication technique used to make the 

restorations.19,21,50,51 

One of the major factors affecting the fit 

of the restorations is the fabrication 

techniques. The conventional heat-pressing 

technique provides homogenous and non-

porous restorations. Technology 

developments added new options to the 

dental prosthetic field. CAD/CAM is an 

automated subtractive three-dimensional 

(3D) fabrication of an object with the aid of 

computer numerical control (CNC) 

machines. It reduces chair time and enhances 

the accuracy of workflow.52–56 

There are limited studies evaluating the 

fit of PEEK Bio.HPP crowns, and the 

influence of different fabrication techniques 

on its overall fit. This study aims to assess the 

effect of different manufacturing techniques 

on the marginal adaptation of IPS e.max and 

PEEK Bio.HPP single crowns, and to 

compare the marginal adaptation of IPS 

e.max crowns with that of PEEK Bio.HPP 

single crowns. 

In this study, the proposed null 

hypothesis was that there will be no 

difference in the marginal accuracy between 

lithium disilicate (IPS e.max) and PEEK 

(Bio.HPP) crowns using the two different 

techniques (Heat-Press and CAD/CAM). 

MATERIALS AND METHODS 

A stainless-steel metal die was 

fabricated to simulate the preparation design 

of a mandibular first molar to receive a 

ceramic crown. The die was milled using 

Computer Numerical Control (CNC) 

machine (CNC lathe machine, Compact 5, 

EMCO Maier, Austria) with 6º taper, a 1mm 

deep shoulder finish line, a flat occlusal 

surface, and a 4.5mm height extending from 

the finish line to the occlusal surface.26,57–69 

The die was stabilized on a resin cube 

milled using a CNC milling machine with a 

centralized hole of 4mm depth. The walls of 

the hole were designed to be parallel to the 

long axis of the base to allow the insertion of 

the die with a frictional fit. To standardize the 

placement of the crowns on the die, 

contralateral rectangular and semi-circular 

grooves were made on the top surface of the 

base as illustrated in Figure (1).70,71  

A power analysis of 2 x 2 fixed effect 

analysis of variance was used. The first factor 

is the material type and the second factor is 

the fabrication technique. Each factor 

includes two levels. The outcome is vertical 

marginal gap distance. Based on the results of 

Azar et al.20 and Riccitiello et al.22 studies in  
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2018 the effect sizes of the two factors were 

2.25 and 17.8, respectively. These effect 

sizes were obtained assuming that the alpha 

(α) level is 5% and the Beta (β) level is 20% 

which corresponds to 80% power and 5% 

significance. Thus, the minimum estimated 

sample size was 5 crowns per cell giving a 

total of 20 crowns. 

Samples were divided equally according 

to the material used into two groups, lithium 

disilicate (E) (IPS e.max  ̧ Ivoclar Vivadent 

AG, Germany) and PEEK BioHPP (P) 

(BioHPP, Bredent GmbH & Co. KG, 

Germany) crowns. Each group was 

subdivided equally according to the method 

of fabrication heat press technique (H) and 

CAD/CAM (C). A total of four groups (EH, 

EC, PH, and PC (n=5).72 (Table 1)  

To digitize the die, it was sprayed with 

an anti-reflection fine-grained scanning 

powder (SHERA-Scan spray, Germany). For 

standardization, the spray’s nozzle was fixed 

at a distance of 50 cm and each surface was 

sprayed for 3s. The die was then scanned and 

the acquired STL data set was transferred to 

CAD designing software (Exocad Dental 

CAD 2.2 software, Germany).73–75 

For standardization, a biogeneric copy 

was designed with a thickness of 2mm 

occlusally, 1.5 mm axially, 1mm at the 

margin, and a minimum thickness and 

cement space of 1mm and 50 µm, 

respectively. The margin thickness was 

enhanced by 0.1mm. The restoration fit was 

analyzed and conformed on the virtually 

scanned die.51,64,76,77 

The generated biogeneric copy STL file 

was sent to a 5-axis CAM machine 

(CORiTEC 250i Loader PRO, imes-icore 

GmbH, Germany) to mill identical lithium 

disilicate (IPS e.max CAD¸ Ivoclar Vivadent 

AG, Germany), PEEK BioHPP 

(breCAM.BioHPP, Bredent GmbH & Co. 

KG, Germany), and wax patterns as shown in 

Figure (2).34 

Figure 1: 

a. Top view showing contralateral 

rectangular and semi-circular grooves.  

b.Side view of the resin base and the fixated 

metal die. 

a b 

Figure 2: Milled crown showing the design. 
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Following the manufacturer’s 

instructions, wax blocks (VITA CAD-Waxx, 

VITA Zahnfabrik H. Rauter GmbH & 

Co.KG, Germany) were used to mill wax 

patterns. After milling and finishing, wax 

pattern remargination was done with red 

margin wax (Margin wax, Avtek, USA). The 

margins were visually checked on the 

prepared die. Consecutively, the wax patterns 

were attached to a sprue former of a 4mm 

length and diameter. For investing, the 

crowns were then fixed by wax in the funnel 

former.78,79 

Randomization of the CAD/CAM milled 

wax patterns were done using Statistics Data 

Editor software (IBM SPSS Statistics Data 

Editor software (Version 20.0), IBM Corp., 

USA).  The wax patterns were coded and the 

data were input into the software datasheet. 

The “50% Random sample of cases” feature 

was selected to divide the wax patterns 

equally and randomly. The divided patterns 

were used for the heat-pressing of lithium 

disilicate and PEEK BioHPP monolithic 

crowns.   

Wax patterns were then invested and 

burnout. The muffle was then placed in a 

pressing furnace (Programat P310 G2, 

Ivoclar Vivadent AG, Germany). The 

material used was selected and pressed using 

a preset pressing program. IPS e.max ingots 

and PEEK Bio.HPP pellets were filled in the 

investment mold with a plunger to press IPS 

e.max and PEEK Bio.HPP crowns, 

respectively.  Crowns were then divested 

with aluminum oxide particles of size 

110μm.80 

Crown margins were visually checked 

on the prepared die and then finished and 

polished following the manufacturer’s 

instructions. After polishing, CAD/CAM 

milled IPS e.max crowns were crystallized in 

the ceramic furnace.5,81–84 All the crowns 

were then cleaned for 5min in an ultrasonic 

 

Type of material 

(Group) 

Fabrication technique 

(Subgroup) 

 

Heat Press (H) 

 

CAD/CAM (C) Total 

Lithium disilicate (E) EH 

n=5 

EC 

n=5 

n=10 

PEEK BioHPP (P) PH 

n=5 

PC 

n=5 

n=10 

 
n=10 n=10 n=10 

    

Table 1: Sample grouping. 
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cleaner (Ultrasonic T14, L&R 

manufacturing, USA). Crowns were coded 

and numbered to eliminate bias during the 

testing procedure.21,25,85–87 

To measure the VMG distance, the direct 

view technique was used. The metal die has a 

cylindrical geometry without anti-rotational 

features; thus, a placement key was 

fabricated using putty (Aquasil Ultra+ Smart 

Wetting Putty Impression material, Dentsply 

Sirona. Inc., Canada.) and light-viscosity 

PVS impression (Aquasil Ultra+ Smart 

Wetting LV Impression material, Dentsply 

Sirona. Inc., Canada.) materials to record the 

placement of the crowns on the die. The 

contralateral geometrical grooves that were 

previously made on the resin base were also 

recorded. This procedure was repeated twice. 

One impression was sectioned 

buccolingually, whilst the other was 

sectioned mesiodistally. Each putty section 

acted as a placement key during the 

examination of its contralateral side as seen 

in Figure (3). A stainless-steel stabilizing jig 

was specially designed with a holding screw 

and a stabilizing resin block to hold the crown 

in its correct position as illustrated in Figure 

(4).88 

To assess the marginal fit of the dental 

restoration, a USB Digital microscope with a 

built-in camera (U500x Digital Microscope, 

China) of 3 Mega Pixels resolution attached 

to a compatible IBM computer was used. The 

crown was seated on the model using the 

impression keys and screwed by the 

stabilizing jig. The assembly was then placed 

on a point marked on the microscope base 

plate. The generated images were recorded 

Figure 3: Mesial placement key placed 

during the examination of the crown’s distal 

surface. 

Holding 

screw 

Base 

plate 

Stabilizing 

resin block 

Figure 4: Stainless-steel stabilizing jig with a 

holding screw holding the crown in its correct 

position with the aid of a placement key on 

the base plate. 
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with a resolution of 1280 x 1024 pixels and 

imported to a digital image analysis special 

software (Image J 1.43U, National Institute 

of Health, USA) to measure the VMG 

(Vertical Marginal Gap) of crowns.88 

The software measured and evaluated 

the VMG between the outer extremities of the 

preparation finish line and the restoration’s 

margin. For each crown surface, 

morphometric measurements were taken at 

five predetermined equally distributed points 

(the midline, line angles, and a midpoint in 

between the midline and each line angle) as 

shown in Figure (5). A total of 20 points were 

recorded per crown.21,85  

To standardize the procedure, all the 

crowns were measured under invariable 

parameters. For verification, each 

measurement was repeated three times and 

the mean value was recorded. The data 

collected was analyzed, tabulated and 

subsequently sent for statistical analysis. 

Statistical analysis 

Numerical data were checked for 

normality by the distribution of data and 

using Kolmogorov-Smirnov and Shapiro-

Wilk normality tests. All data showed normal 

parametric distribution. Data were presented 

as mean and standard deviation (±SD) values. 

A two-way ANOVA test was used to study the 

effect of material type, fabrication technique, 

and their interactions on mean VMG 

distance. Bonferroni’s post-hoc test was used 

for pair-wise comparisons when the ANOVA 

test is significant. The significance level was 

set at P ≤ 0.05. Statistical analysis was 

performed with statistics software (IBM 

SPSS Statistics for Windows, Version 23.0., 

USA). 

RESULTS (Table 2) (Figure 6) 

There was no statistically significant 

difference between the mean VMG distances 

of IPS e.max (23.1±2.8μm) and PEEK 

Bio.HPP (24.4±1.6μm) monolithic crowns 

Figure 5: Marginal gap readings of heat-pressed PEEK Bio.HPP crown (PH). 
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fabricated using the heat-press technique and 

the IPS e.max (29.5±3.2μm) and PEEK 

Bio.HPP (30.2±1.4μm) crowns fabricated 

using the CAD/CAM fabrication technique.  

The crowns heat-pressed from the IPS 

e.max ingots (23.1±2.8μm) and PEEK 

Bio.HPP pellets (24.4±1.6μm) showed a 

lower statistically significant mean VMG 

distance than the crowns CAD/CAM milled 

from IPS e.max blocks (29.5±3.2μm) and 

PEEK Bio.HPP blanks (30.2±1.4μm). (P-

value = 0.795, Effect size = 0.004)  

DISCUSSION 

This study aims to assess the influence of 

two fabrication techniques (heat-press and 

CAD/CAM) on the VMG distance of 

Material used Heat-Press CAD/CAM P-value  Effect size (Partial 

eta squared) Mean ±SD Mean ±SD 

IPS e.max 23.1 2.8 29.5 3.2 0.028* 0.248 

PEEK 

Bio.HPP 

24.4 1.6 30.2 1.4 0.020* 0.3 

*: Significant at P ≤ 0.05.  

 
     

Table 2: Comparison between the monolithic crowns VMG distance in µm using the heat-press 

and CAD/CAM fabrication techniques with different interactions of variables using two-way 

ANOVA test. 
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Figure 6:  Bar chart representing the monolithic crowns VMG distances in µm with different 

interactions of variables using mean and standard deviation values (±SD). 
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monolithic lithium disilicate and PEEK 

Bio.HPP single crowns. 

Metal dies were used as they have a 

higher wear resistance and can withstand the 

repeated seating of the crowns during 

measurements. Additionally, the color 

contrast between the metal die and the 

crowns helped in the VMG distance 

measurement when viewed under the 

microscope. The metal die was milled using 

a CNC milling machine to ensure a 

standardized uniform finish line all around.68 

To standardize the preparation design, 

the preparation guidelines of lithium 

disilicate restorations were used to mill the 

cylindrical die. The die taper was set to 6˚ as 

it is the clinical gold standard for ideal 

preparation. The height of the metal die was 

set to 4.5mm with a flat occlusal surface 

simulating an average size of a mandibular 

first molar with a 2mm occlusal reduction. 

Studies showed that the flat occlusal design 

has a better mean marginal fit and allows for 

an even distribution of the seating force 

compared to the anatomic planar occlusal 

design.24,26,57,61,69  

A deep shoulder finish line was used in 

this study as it showed superior marginal 

adaptation compared to other finish line 

designs. This is attributed to the rounded 

gingivo-axial surface which allows for 

accurate crown seating. A 1mm margin 

thickness was used to avoid marginal 

chipping and horizontal fractures in the 

materials. A flat non-anatomic finish line was 

used to counteract the effect of the variation 

in the sintering shrinkage between different 

steepness along the margin curvature.23,27–

29,31,44,67,89–92 

For standardization, a fully digital 

approach was implemented as it yields 

restorations with remarkable marginal 

accuracy compared to conventional 

workflow. It also offers repeatable highly 

accurate restorations. To obtain an accurate 

scan, a scan spray was used to mattify the 

shiny metal surface.20,34,74,93–95 

Exocad designing software was used to 

design a biogeneric copy of a monolithic 

mandibular molar. This designing software 

was used as it has an embedded library that 

offers a variety of choices as it has myriad 

teeth forms and outlines. This design was 

used to negate the negative influence of 

veneering on the crown’s VMG distance as 

the firing heat shrinkage impedes the 

restoration’s marginal adaptation.32,47,96  

The cement space was set to 50μm, as it 

offered the least VMG discrepancy and the 

most repeatable and reliable marginal fit 

values. The crowns’ margin thickness was 

horizontally enhanced by 0.1mm to reduce 
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their marginal chipping during CAD/CAM 

milling. For standardization and to obtain 

identical crowns, CAD/CAM milled crowns 

for (EC) and (PC) groups and the wax 

patterns for the heat-press groups (EH) and 

(PH) were milled using a 5-axis milling 

machine as it has superior 

accuracy.25,34,47,51,97–100 

To eliminate bias, randomization 

software was used to equally and randomly 

divide the milled wax patterns into two equal 

groups (EH) and (PH). They were then 

invested and heat pressed in a lithium 

disilicate and PEEK Bio. HPP -specific heat 

cycle. This was done to ensure that the whole 

process was computerized and meticulously 

controlled with the highest 

precision.2,3,38,45,46,77  

PEEK Bio.HPP was heat-pressed in the 

form of pellets as they showed restorations 

with higher mechanical properties and fewer 

fragmentary fractures compared to others 

heat-pressed from granules. IPS e.max CAD 

blocks were milled in their “blue state” as 

partially crystallized lithium disilicate blocks 

aid for easier and stabilized milling which 

offers better marginal adaptation for the 

milled restorations.8,38,39 

Crowns were not cemented on the master 

die as the type and amount of cement used 

may constrain their full seating owing to the 

hydrostatic pressure. The direct view 

technique was used to evaluate the VMG 

distance. It was favored over other methods 

of measurement as it is a non-destructive 

technique that has minimal technique 

sensitivity and produces repeatable results. 

Corresponding to this, a digital microscope 

was used to evaluate the VMG distance of the 

monolithic crowns.27,48,85,89 

As the die’s design is cylindrical, 

impression placement keys and a stabilizing 

jig were used to contravene the crown’s 

rotational movement and to standardize the 

placement of all the crowns on the die. The 

stabilizing jig also locked the placement key 

on the crown and model during the VMG 

assessment.  

Five equidistant points were recorded for 

each crown surface making a total of 20 

points per crown and 100 points per sample 

group. Following Groten et al.21 

recommendation, 20-25 points per sample 

are considered sufficient for the restoration’s 

VMG assessment. The results were then 

collected and statistically analyzed. 

The null hypothesis was partially 

rejected. The study findings showed no 

statistically significant difference between 

the VMG distance of crowns fabricated from 

IPS e.max and PEEK Bio.HPP materials, 

whereas the fabrication techniques (heat-
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press and CAD/CAM), showed a statistically 

significant difference in the VMG distance of 

the fabricated crowns. 

This could be attributed to the difference 

between the two material’s microstructures 

and the manufacturer’s form of 

supply.6,43,96,101 

IPS e.max ingots and blocks are supplied 

by the manufacturer with different crystalline 

forms and arrangements. The processed 

ingots are composed of ~70% vol. scattered 

3μm–6μm long needle-like crystals in a 

glassy matrix. Unlike heat-pressable ingots, 

CAD/CAM blocks constitute ~60% nano-

lithium orthophosphate nuclei and uniformly 

dispersed metasilicate platelet-like crystals 

with sizes ranging between 0.2μm- 1.0μm.1–5  

Hence, it is essential to expose 

CAD/CAM milled restorations to a 

crystallization cycle to allow for the 

transformation of nano-lithium 

orthophosphate nuclei and lithium 

metasilicate crystals into ~70% vol. 1.5μm 

interlocked rod-like lithium disilicate 

crystals. This crystal transformation causes 

0.2% linear volumetric shrinkage of the 

restorations. The heat-pressed lithium 

disilicate restorations do not require an 

additional crystallization cycle.1–3,5 

During, the crystallization cycle, the 

crystallization process initiates shrinkage at 

the core of the crown and propagates to the 

occlusal and marginal regions. This distorts 

the material and impacts the VMG distance 

of the crowns negatively. This is translated by 

an increase in the mean VMG distance of the 

CAD/CAM milled IPS e.max crowns 

compared to that of the heat-pressed IPS 

e.max crowns.71,102  

These findings go in agreement with 

Anadioti E and Holloway J103 study in 

2014, Mounajjed R et al.104 study in 2016, 

and Azar B et al.20 study in 2018. This also 

confirms the findings of Kim J et al.36 study 

in 2016 that showed a statistically significant 

difference in the VMG distance of 

CAD/CAM milled IPS e.max crowns before 

and after the crystallization cycle exposure. 

Contradicting results were also found by 

Dolev E et al.19 study in 2019.  They found 

that CAD/CAM milled lithium disilicate 

crowns had a lower absolute marginal 

discrepancy compared to those heat-pressed 

using the same material. The difference in the 

results may be because all the crowns were 

cemented before being sectioned and the wax 

patterns were manually fabricated using a 

60μm spacer thickness.  

Mostafa N et al.34 study in 2018 also 

found controversial results. Their study 

found that the CAD/CAM milled lithium 

disilicate crowns had less VMG distance than 
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the heat-pressed lithium disilicate crowns. 

This may be because they used an ivorine die 

simulating a maxillary premolar with an 

anatomic finish line and planar occlusal 

anatomy.  

PEEK Bio.HPP is a semicrystalline 

polymer with a ceramic-filled matrix. Owing 

to its polymeric nature and the absence of the 

glass matrix, it does not require a 

crystallization cycle.105 

Even though the difference was 

statistically insignificant, heat-pressed PEEK 

Bio.HPP crowns showed higher mean VMG 

value compared to heat-pressed IPS e.max 

crowns. This goes back to the difference 

between the two material’s resistance to flow 

which is a crucial parameter for heat-

pressing. Heat-pressed IPS e.max has 

remarkable flowability and compressibility 

owing to its small crystal size. On the 

contrary, thermoplastic materials need to be 

exposed to higher temperatures during heat-

pressing which induces deformation. 

However, PEEK Bio.HPP has a high 

molecular weight and a complex chemical 

composition, which causes an increase in its 

viscosity and hence impedes its flow into 

small areas.96,106 

This also justifies the increase in the 

mean VMG distance value of the heat- 

pressed PEEK Bio.HPP crowns compared 

with that of the CAD/CAM milled PEEK 

Bio.HPP crowns. This difference showed 

statistical significance.  

Controversial results were found by 

Osman A et al.96 study in 2022. Their study 

found that PEEK Bio.HPP showed superior 

marginal adaptation compared to IPS e.max 

endocrowns. This controversy may be 

because the study used PEEK granules 

instead of pellets. The study also used PEEK 

Bio.HPP cores were layered with composite 

and glazed monolithic IPS e.max 

endocrowns. The exposure to an additional 

heat cycle and the bilayered design may have 

affected the results of the IPS e.max and 

PEEK Bio.HPP. 

The heat-pressed monolithic crowns 

showed a lower mean VMG distance 

compared to that of the CAD/CAM milled 

monolithic crowns. This owes back to the 

previously mentioned microstructure 

difference between IPS e.max ingots, IPS 

e.max blocks, and PEEK Bio.HPP. It may 

also be attributed to the influence of the 

crystallization cycle on the CAD/CAM 

milled IPS e.max crowns.38,39,43,51,96,107 

This may also be due to the 

remargination of the CAD/CAM milled wax 

patterns was done as per the manufacturer’s 
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instructions to enhance the margins of the 

wax patterns prior to the heat-pressing 

procedure.78 

These findings are in agreement with the 

results of Saadallah S et al.108 study in 2017. 

They correlated their findings to the effect of 

the crystallization cycle on the overall fit of 

the CAD/CAM milled crowns. Hashem E et 

al.27 study in 2018 also found similar results 

and attributed their findings to the 

remargination of the wax patterns.  

There was no statistically significant 

difference in the VMG distance of the 

CAD/CAM milled crowns fabricated using 

IPS e.max blocks and PEEK Bio.HPP blanks. 

This is because they were both milled using a 

high-precision 5-axis milling machine. In 

addition, the milling burs used to mill IPS 

e.max and PEEK.Bio.HPP crowns had large 

and small diameters. This ensures that the 

restorations were cut with the highest speed, 

detailing, and precision. Moreover, special 

milling burs supplied specifically for milling 

ceramics and thermoplastic polymers were 

used to mill IPS e.max and PEEK Bio.HPP 

crowns, respectively.109,110 

All the heat-pressed and CAD/CAM 

milled IPS e.max and PEEK Bio.HPP 

monolithic crowns showed VMG distances 

within the clinically acceptable range of 

≤120μm as stated by McLean J and von 

Fraunhofer J.49 

There are limitations to this study. As 

this is an in-vitro study, it does not simulate 

the intraoral condition. Moreover, the non-

anatomic preparation design does not mimic 

the oral condition of the preparation.  

CONCLUSION 

Within the limitations of this study, it 

could be concluded that: 

1. IPS e.max and PEEK Bio.HPP 

crowns showed comparable clinically 

acceptable marginal adaptation. 

2. The crowns fabricated using the heat-

pressing technique showed better marginal 

adaptation than the CAD/CAM milled 

crowns. 

3. All the heat-pressed and CAD/CAM 

milled IPS e.max and PEEK Bio.HPP crowns 

showed VMG and internal gap distances 

within the clinically acceptable range of 

≤120μm. 

CLINICAL RELEVANCE 

PEEK Bio.HPP monolithic crowns can 

be used as a treatment option to restore a 

mandibular first molar. 
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