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Abstract 
Fabrication of complex geometrical features is the major requirement for various biomedical applications. Due to 
specific anatomical features of patients, customization is to be provided in short period. The desire for improved 
biomedical implants is increasing interest in innovative techniques to improve implant functionality, customization, 
and performance. Additive manufacturing (AM) has shown promise for creating complex features in a shorter amount 
of time. Hence, there is a requirement to explore and analyse the additive manufacturing of biomaterials for various 
applications. Polyetheretherketone (PEEK) possesses good mechanical and thermal properties compared to other 
biopolymers.  PEEK is bioactive biomaterial which can be used in AM. This paper explores mechanical and thermal 
behaviour of components fabricated via AM process. Moreover, the study examines the mesostructure of the additive 
manufactured PEEK and observes surface roughness. Based on the findings, the study suggests that additive 
manufacturing of PEEK material can be a viable option for various biomedical applications. These findings indicate 
that PEEK produced via additive manufacturing not only improves design freedom but also functionality, giving a 
possible road ahead in the development of customized, high-performance biomedical solutions. Integrating PEEK with 
other biocompatible materials may result in specific mechanical properties, making implants more suitable for 
replicating complex human tissues. 
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Introduction  
The technology of AM provides the freedom to 

fabricate highly intricate components as per the 

virtual design (1). This technology has been 

available for commercial and industrial use since 

it greatly improves the fabrication of components 

with precise geometries directly from CAD 

designs (2).  The parts can be fabricated without 

the need of any tooling thereby reducing the cost 

involved (3). Furthermore, it is apparent that the 

additive technology's future scope and capabilities 

will extend far beyond 3D prototyping (4). During 

the early stages of development for 3D printing 

techniques, the primary motivation was the swift 

production of physical components without 

relying on conventional tooling methods (5). AM 

technology has the potential to achieve the 

objective of shorter lead times for production and 

the creation of products with highly intricate 

geometries (6). The Medical Additive 

Manufacturing/3D printing (AM3DP) 2020 

Annual Report was published by SME, a 

professional association in the United States. This 

report offers a comprehensive summary 

utilization of AM in the medical field, with a 

particular emphasis on the role of technical 

advancements in improving the cost-effectiveness 

of patient treatment (7). Based on a field study, 3D 

printed products, including both medical implants 

and devices, constitute 11% of the total revenue 

generated by the medical industry. The current 

necessity for customised medical solutions could 

explain this increased interest.  Various imaging 

technologies utilized in the medical field can be 

employed to produce .STL files for 3D printing. 

This capability enables the creation of customized 

products for anatomical structures with complex 

medical requirements (8). Additive manufacturing 

has emerged to be a viable option to promote and 

explore health care sector, and has shown 

tremendous potential in tissue engineering, 

organs growth, anatomical models, construction 

of tailor - made implants and prosthetics, 

development in the pharmaceutical area, 

particularly in medication dosage varieties, 

discovery and delivery, and other biomedical uses 

of additive manufacturing are among the most  
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commonly used (9). Additive manufacturing has 

gained widespread acceptance in the medical field 

due to a multitude of benefits it offers, such as 

customized medical product design, 

biocompatibility, cost-effectiveness, improved 

productivity, enhanced accessibility, rapid 

turnaround times, simplified assembly, and 

democratization of the manufacturing process 

(10-14). Today many researchers have been 

constantly working on the exploration of an 

economical commercialization of the technology 

by focusing on the in house fabrication of FDM 

filaments using different polymer and polymer 

based biocompatible composite (15-20). 

However, in the medical field, where great level of 

precision and tailored products is required in 

small quantities, this limitation is seen as a 

benefit. Additive manufacturing is a preferred 

option for clinical and biological applications due 

to the varying medical requirements and 

customized therapies for individual patients, 

making it an ideal solution to meet the diverse 

needs of patients (21-26). The layer-by-layer 

manufacturing technique provides the ability to 

break down the complex shapes into 2D layers 

which are build one layer at a time. The CT 

imaging details can be analysed and used to 

extract the necessary area for CAD model 

construction. The model can be fabricated for 

various medical applications (figure 1). These 

models provide better solution for targeting 

critical problems associated with human 

customised implant under biomedical treatment 

(27-30). 
 

 

 
Figure 1: Patient Specific Fabrication of Additively Manufactured Part from Digital Data (31) 

 

PEEK-based biomaterials are increasingly gaining 

popularity as a suitable option for bone and 

cartilage replacement, along with several other 

medical applications. PEEK has properties similar 

to the bone structure. This material can serve as 

an alternative to solve practical complications in 

the construction of customized complex 

biomedical implants through 3D printing (32). 

PEEK materials are gaining prominence in the 

medical field as they can be used to replace 

ceramic and titanium implants in various surgical 

procedures, making it crucial to investigate their 

efficacy in orthopaedic, spine, maxillofacial, and 

cranial surgeries. By utilizing 3D printing 

technology, complex design implants can be 

manufactured to meet the specific needs of each 

patient with an exact match. PEEK materials offer 

excellent wear and abrasion resistance, as well as 

a lower coefficient of friction (33).  A prevalent 

and promising form of AM is fused deposition 

modelling (FDM), which is utilized extensively for 

a variety of applications (34).  The technology 

now allows for the creation of complicated 

topologies. With the ease of usage, there is no 

requirement for supervision, environmentally safe 

materials and low production cost (35).  The 

material is heated up and pushed via an extrusion 

head during FDM printing, and then it is laid out 

onto a build platform (36, 37). The process starts 

by dividing the CAD model into layers using the 

.STL file format to provide a tooling route for the 

printer nozzle. The filament made of polymer 

material is fed through the nozzle to print the item 

(38). To preserve the feed material's capacity to 

flow through the nozzle, the temperature of the 

extruder head is regulated (39). In Figure 2, a 

schematic representation of this machine is 

shown.  
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       Figure 2: FDM Printer for PEEK (36) 

 

Biomedical applications often use various 

biomaterials, such as PEEK and PAEK, in FDM 

technology. However, these materials are less 

accessible and more expensive, which increases 

the overall running costs of the FDM system (40). 

The paper explores the AM of PEEK material via 

FDM technique. In order to examine the 

properties of printed parts mechanical testings 

were carried out such as tensile, compression and 

impact test. The fabricated parts were 

characterized by SEM and XRD testing. Moreover, 

thermal properties were also investigated of the 

printed specimens. Surface roughness which also 

plays an important role in biomedical applications 

was observed. Most biocompatible materials 

exhibit low mechanical properties, with research 

primarily focusing on materials with lower 

strength compared to PEEK. There is a critical 

need to explore the effects of 3D printing on high-

performance materials like PEEK. Comprehensive 

studies are required to evaluate the material's 

performance under tensile, compressive, and 

impact loading conditions. Investigating the 

effects of high-temperature extrusion on the 

mechanical and thermal stability of PEEK is 

essential for its application in demanding 

biomedical environments. There is need to 

explore optimized machining parameters to 

improve printing accessibility of high-

performance PEEK for a biomedical application.   
 

Methodology 
Polyetheretherketone (PEEK) a thermoplastic 

biomaterial was used for the investigation. PEEK 

filament was supplied by Victrix (VICTREX AM™ 

450 FIL) of diameter 1.75 mm and melting point 

of 343°C. The print head temperature was set as 

450°C for all PEEK test specimens. The 

parameters used for fabrication of the specimens 

are listed in table 1. 
 

Table 1: Parameters Setting for Specimen Fabrication 

Parameters  Control Setting of FDM Printer  

Print Speed (mm/s) 40 

Printing Temp (°C) 430 

Bed temperature (°C) 130 

Nozzle Temperature (°C) 410 

Fill density % 100 

Layer height (mm) 0.2 

Extrusion width (mm) 0.35 

Top layer Fill 4 

Bottom layer Fill 4 

Nozzle diameter (mm) 0.4 
 

 



Singh and Francis,                                                                                                                                          Vol 6 ǀ Issue 1 

 

335 
 

Table 2 illustrates the infill pattern chosen for 

each type of specimen. The tensile specimens 

were printed with an infill pattern along the 

tensile loading direction, while the compressive 

specimens had a pattern along the circumference, 

and the impact specimens had a pattern 

perpendicular to the impact force. The dimensions 

of the specimens fabricated for investigations for 

mechanical testing’s illustrated in table 3.  

 

Table 2: Selection of Infill Patterns for Tensile, Compression and Impact test 

Type of Test      Infill pattern        Analysis Reference 

Tensile Test 

(ASTM D638 

type IV) 

  

 

 

 

 

 

 

 

      Infill direction 

 

Effect of Infill Orientation on Tensile 

Strength: 

a. When the infill lines are aligned with 

the tensile loading direction, the load is 

distributed more uniformly along the 

filament paths. This alignment minimizes 

stress concentrations and enhances load 

transfer efficiency. 

b. Misaligned or cross-hatched infill 

patterns often create stress risers at 

intersections, leading to premature 

failure. Parallel alignment reduces these 

weak points. 

c. The alignment ensures that the 

deposited material directly contributes 

to resisting tensile forces, optimizing the 

material's tensile strength potential. 

By designing the infill pattern in this 

manner, the tensile specimen exhibits 

greater strength and stiffness along the 

loading direction, resulting in improved 

mechanical performance. 

(41-43) 

Compressive 

strength 

(ASTM D695) 

 

 

 

 

 

 

 

 

Effect of Circumferential Infill 

Orientation on Compressive Strength: 

# The circumferential pattern enhances 

the ability of the specimen to distribute 

compressive forces evenly around the 

circumference, minimizing localized 

stress concentrations.  

#The circular alignment resists buckling 

by providing continuous support across 

the structure, particularly beneficial 

under axial compressive loads. 

# The circumferential infill minimizes 

voids and discontinuities that could act 

as failure points, enhancing the overall 

compressive strength of the specimen. 

 

     (44, 45) 
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Impact test 

(ASTMD256) 

 

Effect of Perpendicular Infill 

Orientation on Impact Strength 

#The perpendicular arrangement of the 

infill lines enhances the specimen's 

ability to absorb and dissipate impact 

energy across multiple layers. This 

reduces the risk of crack propagation. 

#The orientation creates more interfaces 

and barriers perpendicular to the force, 

which acts as obstacles to crack growth, 

improving fracture toughness under 

impact. 

# When impact forces are applied, the 

perpendicular infill pattern redistributes 

the force across the structure, 

minimizing stress concentrations and 

delaying failure. 

(46, 47) 

 

 

Table 3: Dimension Details of Tensile, Impact and Compression as per ASTM 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

Results and Discussion 
Mechanical Characterization 
Tensile tests were conducted based on ASTM 

D638 type IV to evaluate the tensile behaviour of 

polymers. The specimen dimension is 165x19x3.2 

mm3. The peak load applied was1988 N. As per 

the observation, the PEEK tensile specimen 

breaks at a tensile strength load of 51.52 MPa 

(Specimen 1), 46.182 MPa (Specimen 2) and 50.37 

MPa (Specimen 3) with a percentage elongation of 

496.7 %, 582.4 % and 561.2 % respectively. The 

high value of tensile strength is due to infill 

pattern which is along the direction of applied 

tensile load. The state of polymeric chains is 

highly correlated to the tensile properties of 

polymers. The PEEK material is semi-crystalline in 

nature. The material has amorphous regions in 

along with crystalline regions. The crystalline 

region after 3D printing exhibits better alignment 

of chains. This provides better intermolecular 

force thereby offers strength of the part (figure 3). 

However, the chains in amorphous region do not 

align to that degree as crystalline region. This 

provides elongation to the specimens. The 

presence of a larger proportion of crystalline 

regions in specimens can potentially enhance the 

tensile properties and stiffness. Conversely, a 
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greater proportion of amorphous regions might 

lead to a significantly higher elongation at break 

(48). Figure 4 shows the tensile and compression 

testing setup used for the study. 
 

 
Figure 3: PEEK Specimen by FDM Printer having Amorphous and Crystalline Regions 

 

The mechanical behaviour of pure virgin PEEK 

was observed to be significantly influenced by 

thermal processing conditions i.e., melt 

temperature, nozzle temperature, ambient 

temperature conditions, position and aggregation 

of macromolecular chains in crystalline and 

amorphous regions, molecular mobility of PEEK 

matrix during 3D printing. The compressive 

strength of PEEK sample was investigated to 

check the circumferential building bonding 

between the PEEK molecules during extrusion as 

illustrated in the figure 4. The standard specimens 

for compressive strength were found to be 272.42 

MPa at a Load of 86 kN at a printing temperature 

of 430℃ and nozzle temperature of 410℃. The 

obtained value of compression observed to be 

significantly improved from the previous 

research. At a lower print temperature range of 

360℃ - 380℃, the PEEK material exhibit non 

uniform melt temperature produces incomplete 

melting region in the crystalline region causes 

lower interfacial bonding and poor fusion of the 

bottom interface result in a lower value of 

compressive strength. When the printing 

temperature is increased to a range between 

420℃ to 450℃, it can result in the supply of more 

heat energy which in turn produces a uniform 

melt and provides more time for crystallization. 

Additionally, if the temperature of the extruder 

nozzle much higher, it is more likely that polymer 

chains will be broken into shorter ones and 

undergo thermal degradation. 
 

 
Figure 4: Tensile and Compression Testing of PEEK Specimens 
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The biomedical field frequently utilizes PEEK 

materials in implants such as hip stems, bone 

anchors, and cranial implants that are subjected to 

sudden impact. A significant effect on mechanical 

phenomena, such as changes in crystallinity, 

deformation, high strain rates and significant 

deformations related to impact, have been 

explored for PEEK. The failure occurs rapidly 

without any bending effect under high impact 

velocity, resulting in lower plastic work. The Izod 

Pendulum Impact Resistance of Plastics was 

determined for the impact samples fabricated as 

per ASTM D256 (64x12.7x3.2 mm3). Figure 5 

illustrate the impact testing set-up used for the 

study. Table 4 illustrates the experimental data of 

tensile, compression and impact testing. The 

thermal impact load causes deformation and 

delamination of standard impact PEEK specimen. 

Figure 6 illustrates visible deformation, such as 

warping and delamination, caused by the impact 

strain in the 3D printed PEEK specimens. PEEK is 

considered as a promising option for impact-

resistant applications, including implants and 

passive security equipment like helmets. The 

impact strength is determined by measuring the 

energy absorbed by the specimen during the 

impact. 

 

 
Figure 5: Impact Testing of PEEK Specimens 

 

Table 4: Tensile and Compression Testing Results 

Tensile Test Unit  Sample 1 Sample 2 Sample 3 Standard Deviation   

Tensile strength  MPa 51.52 46.18 50.37 2.8105  

Young Modulus MPa 1345.47 1435.75 1370.27 46.6425  

Compressive Strength MPa 272.42 268.6 279.91 4.737273  

Impact Strength KJ/m2 17.25 25.37 30.78 6.628591  

 

 
Figure 6: Delamination and Warping in the Specimens 
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Unmodified PEEK is less responsive to 

osteoconductive properties compared to metallic 

Titanium, which can affect osseointegration after 

implantation (49, 50). Surface topography 

alteration is a commonly used approach to 

enhance the biological performance of biomedical 

implants. Surface roughness can impact 

biocompatibility by promoting cell proliferation, 

as a rough surface provides more binding sites for 

cells (51). The 3D printed specimens can have 

rough surface due to deposited layers these rough 

surfaces are at the boundary as well as at the top 

surface. The figure 7 shows surface produced by 

3D printer (52).  
 

 
Figure 7: Surface Produced by 3D Printing Process (51) 

 

Therefore, the obtained surface roughness values 

were investigated for the printed specimens. The 

surface morphology of printed specimens was 

tested using an MITUTOYO Surftest SJ-201P 2D 

contact stylus. Table 5 shows the measured 

surface roughness values. 
 

Table 5: Surface Roughness of the Printed Specimens 

Surface Roughness (μm) *Ra *Ry  *Rz *R q  

Tensile Specimen1 (along Longitudinal)      

1 0.01 0.07 0.07 0.01  

2 0.04 0.27 0.27 0.06  

3 0.01 0.07 0.07 0.01  

Average  0.02 0.13 0.14 0.02  

Tensile Specimen1 (along Transverse)      

1                           0.8 4.66 4.66 1.07  

2 0.72 3.61 3.61 1.01  

3 0.79 4.45 4.45 1.02  

Average  0.77 4.24 4.24 1.03  

Tensile Specimen 2 (along Longitudinal)      

1 0.01 0.06 0.06 0.01  

2 0.01 0.04 0.04 0.01  

3 0.01 0.07 0.07 0.01  

Average 0.01 0.05 0.05 0.01  

Tensile Specimen 2 (along Transverse)      

1 0.37 1.97 1.97 0.44  

2 0.64 2.98 2.98 0.81  

3 0.48 2.07 2.07 0.56  

Average 0.50 2.34 2.34 0.603  

Compression Specimen 1 (along Longitudinal)      

1 0.34 1.57 1.57 0.42  

2 1.14 6.06 6.06 1.52  
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Average 0.74 3.81 3.81 0.97  

Compression Specimen 1(along Transverse)      

1 0.48 2.85 2.85 0.67  

2 0.42 2.03 2.03 0.55  

Average 0.45 2.44 2.44 0.61  

      

Compression Specimen 2 (along Longitudinal)      

1 2.65 2.19 2.19 1.6  

2 1.39 2.59 3.59 0.84  

Average 2.02 2.39 2.89 1.22  

Compression Specimen 2 (along Transverse)      

1 0.76 3.38 3.38 0.93  

2 0.51 2.47 2.47 0.65  

Average 0.63 2.92 2.92 0.79  

Impact Specimen 1 (along Longitudinal)      

1 0.54 2.62 2.62 0.69  

2 0.28 1.33 1.33 0.35  

Average 0.41 1.97 1.97 0.52  

Impact Specimen 2 (along Transverse)      

1 1.08 4.75 4.75 1.29  

2 0.7 3.71 3.71 0.91  

Average 0.89 4.23 4.23 1.1  

 *Ra = arithmetical mean roughness, Ry= maximum height, Rz= ten-point mean roughness, Rq =RMS Roughness 
 

Surface roughness plays a critical role in 

determining the biological performance and 

functionality of biomaterials, particularly in 

applications like tissue engineering and 

implantable devices. After 3D printing, the surface 

characteristics of biomaterials such as PEEK, PLA, 

chitosan, PGA, and PLGA are inherently affected 

by the layer-by-layer deposition process, leading 

to notable roughness on both the boundary and 

top surfaces of the printed structures. The 

additive manufacturing process produces a 

surface with ridges and grooves due to the 

successive layering of material. This texture is 

more pronounced at the boundaries and the 

uppermost layers (53). The surface roughness 

varies based on the material's physical and 

thermal properties. PLA Known for its smooth 

deposition but may exhibit layer stratification due 

to rapid cooling (54). Chitosan being hydrophilic 

and softer, it may show uneven surface textures 

post-printing, especially under non-optimized 

conditions. PGA (Polyglycolic Acid) fast 

degradation rate can result in micro-roughness, 

which may enhance cellular interactions but 

necessitates controlled conditions to maintain 

integrity. The level of finishing obtained after 3D 

printing plays a crucial role in various biomedical 

applications. According to technical observations, 

a surface roughness threshold of 0.2 micrometres, 

(Ra), has been considered clinically acceptable for 

biomedical implants (55). The rough surface of an 

implant can serve as a potential substrate for 

osseointegration, although it can also increase 

bacterial adherence due to the larger surface area 

(56). In the case of 3D-printed PEEK, the surface 

morphology appears to be conducive to sustaining 

cell proliferation necessary for proper functioning 

of biomedical implants. 

Statistical Analysis of Mechanical 

Properties 
The mechanical test results for tensile strength, 

Young's modulus, compressive strength, and 

impact strength were analyzed to calculate the 

mean, standard deviation, and coefficient of 

variation (CV) has been shown in the Table 6.  The 

results indicate consistent mechanical 

performance across the tested samples, with CV 

values ranging from 1.73% to 27.09%. The impact 

strength exhibited the highest variability 

(27.09%), while compressive strength showed the 

lowest (1.73%). This analysis highlights the 

reproducibility and reliability of the data across 

all configurations.  
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Table 6: Mechanical Test Results for the Mean, Standard Deviation, and Coefficient of Variation 

Test Unit Mean Standard Deviation 
Coefficient of Variation 

(CV, %) 

Tensile Strength MPa 49.36 2.81 5.69 

Young's Modulus MPa 1383.83 46.64 3.37 

Compressive 

Strength 
MPa 273.64 4.74 1.73 

Impact Strength KJ/m² 24.47 6.63 27.09 
 

The normality of the data was assessed using the 

Shapiro-Wilk test. The p-values for tensile 

strength (p = 0.394), Young's modulus (p = 0.514), 

compressive strength (p = 0.646), and impact 

strength (p = 0.780) indicate that the data for all 

tests follow a normal distribution (p > 0.05) as per 

Table 7. This confirms that parametric statistical 

methods, such as t-tests, are suitable for further 

analysis. 

 

Table 7: Data Interpretation Values for the Mechanical Test Results 

Test W-Statistic P-Value 

Tensile Strength 0.9025 0.394 

Young's Modulus 0.9366 0.514 

Compressive Strength 0.9661 0.646 

Impact Strength 0.9868 0.78 
 

To evaluate the significance of the mechanical 

property results, one-sample t-tests were 

conducted against predefined benchmark values 

derived from industry standards and literature. 

The results in the table 8 and figure 8 showed no 

statistically significant differences between the 

measured values and the benchmarks for tensile 

strength (p = 0.730), Young's modulus (p = 0.609), 

compressive strength (p = 0.723), and impact 

strength (p = 0.905). This indicates that the 

observed results align closely with expected 

performance metrics. 
 

Table 8: T-sample Test Values to Evaluate the Significance of the Mechanical Property Results 

Test T-Statistic P-Value 

Tensile Strength -0.396 0.73 

Young's Modulus -0.6 0.609 

Compressive Strength -0.408 0.723 

Impact Strength -0.136 0.905 
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Figure 8: Illustrates Graphically the Achieved Tensile Strength, Young’s Modulus, Compressive Strength 

and Impact Strength 
 

Thermo Gravimetric Analysis 

The thermogravimetric test was conducted which 

involves heating the sample from 30.00°C to 

900.00°C at a rate of 10.00°C/min with a sample 

weight of 5.489 mg, under a steady flow of 

nitrogen gas (20 mL/min. The TGA thermograms 

of virgin, PEEK is shown in figure 9. The PEEK 

shows thermal stability up to 558°C. The aromatic 

rings in the polymer backbone contribute to 

PEEK's exceptional heat stability. Virgin PEEK 

began to degrade slowly around 560°C.The 

sample shows composition stage, that was a very 

fast step, for the range of 560 0C – 650 0C. After 

this temperature, again regaining constant 

behaviour is observed up to 900 0C. 

 

 
Figure 9: TGA Thermal Analysis of Virgin PEEK, Indicating Thermal Degradation Pattern of PEEK under 

Influence of Heat 
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The influence of heat addition over weight loss 

has been investigated as shown in figure 10. Up to 

5400C very slow gradual rate of weight loss 

appears as shown in thermograph. Around 5500 C, 

the remarkable weight loss occurred due to the 

loss of decomposition products of PEEK. In the 

case of virgin PEEK, the residual weight loss at 

9000C was found to be around 47.348 %, which is 

due to the remaining ether and aromatic 

structures. The TGA thermographs indicate that 

most favourable temperature conditions for 3D 

print is before 5500C. The derivative weight 

(%/min) curve highlights the peak decomposition 

temperature, which appears to occur near 600°C, 

corresponding to the maximum rate of weight loss 

as shown in figure 10.  At 900°C, around 52% of 

the material remains, indicating the formation of 

thermally stable char or residue. This 

characteristic is common for high-performance 

polymers like PEEK, which exhibit high thermal 

stability and leave behind a significant 

carbonaceous residue. A comparison of 

mechanical and thermal properties is provided 

between the achieved results and other 

biocompatible polymer materials (table 9). 

 

 
Figure 10: TGA Curve of Virgin PEEK, Indicating Weight Loss Pattern of PEEK under Influence of Heat 

 

Table 9: A Comparison of Properties of Various Biomaterials 

Properties PLA PGA PLGA Chitosan This work 

Tensile 

Strength 

PLA is 39.9 

MPa to 52.5 

MPa (57-59) 

PGA is 80-90 

MPa. (60, 61) 

 PLGA is 40 - 

60 MPa. (62-

64) 

Chitosan 20-50 

MPa. (65-67) 
51.52 MPa 

Thermal 

Properties 

Tg: ~55-60°C; 

low thermal 

resistance 

(58) 

Tg: ~35-40°C; 

moderate 

thermal 

resistance. 

(61) 

Varies with 

PLA:PGA 

ratio (40-

55°C). (63) 

Low thermal 

stability; 

degrades around 

150°C (65-67) 

Thermal stability 

up to 558°C 

 

X ray Diffraction of Pure PEEK 

The characteristics of the materials used in XRD 

patterns reflects the nature of the XRD pattern's 

Bragg's peaks Peak intensity reveals the atomic 

position inside a lattice structure and Peak width 

reveals crystalline nature and lattice strain. The 

figure 11 shows PEEK XRD patterns, the three 

peaks around 2θ range between 17° to 25° can be 

observed to the {110}, {113} and {200} 

crystallographic planes of crystallized PEEK, 

respectively.  
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Figure 11: XRD Spectra of PEEK 

 

Above 40° shows low intensity amorphous peaks, 

as a whole PEEK shows a semi crystalline nature 

of high-performance thermoplastic polymer often 

detected around 2θ = 18°–23° and 2θ = 28°–

30°.The broad peak after 40° in the provided XRD 

spectrum suggests the dominance of amorphous 

regions, with limited crystalline domains. The 

unique feature of PEEK materials is their highly 

organized molecular structure, which results in 

sharp melting points. Semi-crystalline materials, 

like PEEK, rapidly soften with temperature is 

raised, in contrast to amorphous materials. 

Moreover, annealing or processing conditions can 

shift the degree of crystallinity and peak 

intensities. 

Scanning Electron Microscopy of 3D 

Printed Specimens 

The samples were prepared for scanning electron 

microscopy (SEM) imaging by sputter coating with 

a thin layer of gold alloy. Imaging was performed 

using the high vacuum/secondary electron 

imaging mode at an accelerating voltage of 20.0 kV 

and at magnifications of 200X, 2000 X, 5000 X, and 

30,000 X. It has been observed that majority of the 

region under microscopic image is a smooth 

surface. However, it is also clear that some surface 

has irregular pile up, flaky surface with minor 

cracks of printed PEEK due to non-homogenous 

layer adhesion and improper fusion temperature 

condition during the 3D print. As per the surface 

morphology of figure 12, PEEK fabricated via FDM 

often exhibits rough surfaces and voids, consistent 

with the observed features. The image clearly 

shows pits on the PEEK surface. These pits are 

irregular and might result from thermal 

fluctuations during the 3D printing process or 

insufficient fusion between the deposited layers. 

Roughness and pits on the surface can be 

advantageous for biomedical implants, enhancing 

Osseo integration and cell proliferation.
 

 
Figure 12: SEM Images of 3D Printed Specimens 
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Cell Culture 

L929 which is a mouse fibroblast cell line, were 

ordered from National Centre for Cell Science 

(NCCS, Pune) were grown in Dulbecco modified 

Eagle medium (DMEM) (GIBCO Laboratories) 

supplemented with 10% fetal bovine serum 

(FBS), 25 mM glucose, penicillin 100 IU/mL, and 

streptomycin 100 g/mL at 37°C in 95% air and 

5% CO2. 

MTT Assay 

The MTT [or 3-(4, 5-dimethyl-2-yl)-2, 5-diphynyl 

tetrazolium bromide] assay was done to assess 

sensitive and reliable indicators of the cellular 

metabolic activity of the biomaterial on L929 cell 

line. Cells were sub cultured in 96-well plates and 

grown to 80% to 90% confluence. Subsequently, 

cells were exposed to various concentrations of 

biomaterial (0.6 to 3 µg/ml) and incubated for 24 

hours. After that, PBS washing was given 

followed by treatment with MTT (5mg in 10ml) 

and incubated for 2-4 hours in a CO2 incubator. At 

the end formazan crystal formed by 

mitochondrial reduction of MTT were solubilized 

in DMSO (100 µL/well) and the absorbance was 

read at 570 nm. The experiments were conducted 

in triplicates (n=3). 
 

𝐶𝑒𝑙𝑙 𝑝𝑟𝑜𝑙𝑖𝑓𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = (𝑆𝑎𝑚𝑝𝑙𝑒 𝑂𝐷 ÷ 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑂𝐷)  × 100 
 

 
Figure 13: MTT Assay Plot Shows Concentration vs % Cell Proliferation 

 

It is widely accepted that the initial interactions 

between the cells and implant surface are crucial 

to clinical success and improvement can lead to 

faster bone formation (68). As seen in the graph 

figures 13 PEEK exhibit cell proliferation activity, 

inversely proportional to concentration. Hence, 

selected biomaterial is having good viability and 

does not inhibit the growth. Also, the selected 

PEEK is biocompatible and could be used for a 

biomedical application. 

Conclusion 
Biomaterials are designed to enhance or replace 

the functions of tissues or organs within the 

human body. An experimental study was 

conducted to know the potential capability of 

mechanical properties of PEEK to test the 

suitability for biomedical application.  

• The finish produced by the FDM process meets 

clinical acceptability threshold for biomedical 

implants, with a surface roughness Ra value 

close to 0.2 micrometres. 

• Maximum Tensile strength at peak load of 

1988 N is observed to be 51.52 MPa conducted 

as per ASTM D638 standards. The Young 

Modulus found to be 1435.75 MPa. The infill 

pattern selected was along the direction of 

applied tensile load. The maximum 

compressive strength of 3D print was 

examined to be 279.91 MPa at a peak load of 

87775 N, carried out in accordance with ASTM 

D695. This compressive strength value is 

caused by an infill pattern that runs 

circumferentially. ASTM D256 impact test 

shows maximum value of 30.78 KJ/m2 at 

applied load by selecting infill pattern 

orientation perpendicular to the applied load. 

• Based on thermal characteristics, Virgin PEEK 

began to degrade gradually approximately at 

560°C. Around 5500 C, the remarkable weight 

loss occurred due to the loss of decomposition 

products of PEEK. The TGA thermographs 

show that the best temperature settings for 3D 

printing are before 550° C. 

• The XRD spectroscopy analysis of pure PEEK 
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indicated a well-defined molecular structure 

and distinct melting points, indicating its semi-

crystalline nature. 

• The irregular pile up, flaky surface, and tiny 

cracks of the print surface originate from non-

homogeneous layer adhesion and 

inappropriate fusion temperature conditions 

during the 3D print.  

• The findings in the cell culture study reveal 

that the PEEK biomaterial exhibits excellent 

biocompatibility, as evidenced by its ability to 

support cell proliferation without inhibiting 

growth, even at varying concentrations. 

It can be concluded, that PEEK 3D print surface is 

suitable for various biomedical applications. 
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