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Stress distribution in implant abutment components made of titanium alloy,
zirconia, and polyetheretherketone: a comparative study using finite element
analysis
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Article Info Purpose: This study aimed to analyze the stress distribution and deformation in implant
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Methods: Three-dimensional models of the mandible with implant abutments were created
using Siemens NX software (NX10.0.0.24, Siemens). FEA was conducted using Abaqus to
simulate occlusal loads and assess stress distribution and deformation. Material properties
such as Young’'s modulus and Poisson’s ratio were assigned to each component based on
literature and experimental data.

Results: The FEA results revealed distinct stress distribution patterns among the materials.
Titanium alloy abutments exhibited the highest stress resistance and the most uniform
stress distribution, making them highly suitable for long-term stability. Zirconia abutments
showed strong mechanical properties with higher stress concentration, indicating potential
vulnerability to fracture despite their aesthetic advantages. PEEK abutments demonstrated
the least stress resistance and higher deformation compared to other abutment materials,
but offered superior shock absorption, though they posed a higher risk of mechanical fail-
ure under high load conditions.

Conclusion: The study emphasizes the importance of selecting appropriate materials for
dental implants. Titanium offers durability and uniform stress distribution, making it highly
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Fig. 1. Schematic diagram of single implant dimensional data. (A)
Abutment, (B) screw, (C) fixture.
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Table 1. Mechanical properties of implant components

Component Material Young[;l;;c;dulus POZ?;" s
Fixture Ti-6Al-4V 110,000 0.35
Abutment Ti-6Al-4V 110,000 0.35
Zirconia 210,000 0.26
PEEK 4,000 0.40
Screw Ti-6Al-4V 110,000 0.35

PEEK: polyetheretherketone.
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Fig. 2. von Mises stress distribution in the abutment, screw, and fixture under a vertical load (90°). (A) Ti-6Al-4V abutment, (B) PEEK abutment,
(C) Zirconia abutment, 1: Ti-6Al-4V screw, 2: Ti-6Al-4V fixture. S, Mises: Von Mises stress, Avg: average, PEEK: polyetheretherketone.
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Fig. 3. von Mises stress distribution in the abutment, screw, and fixture under a lateral load (30°). (A) Ti-6Al-4V abutment, (B) PEEK abutment, (C)
Zirconia abutment, 1: Ti-6Al-4V screw, 2: Ti-6Al-4V fixture. S, Mises: Von Mises stress, Avg: average, PEEK: polyetheretherketone.

Table 2. Maximum von Mises stress distribution in implant components by material and load direction

Material Load direction (degree) Abutment (Mpa) Screw (Mpa) Fixture (Mpa)
Ti-6Al-4V 90 843.7 916.3 668.2
PEEK 253.9 2,024.0 648.2
Zirconia 1,225.0 909.7 678.3
Ti-6Al-4V 30 880.1 938.6 670.6
PEEK 328.5 2,033.0 769.6
Zirconia 1,223.0 924.2 678.5

PEEK: polyetheretherketone.
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