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3D printing path planning of CFR-PEEK mandibular implant based on principal stress distribution
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Abstract : As a common condition in oral and maxillofacial surgery, mandibular defects often occur in clinical practice, and
the mechanical properties of the mandibular implant used to repair mandibular defects are critical to the clinical outcome. In order to
break through the bottleneck of insufficient mechanical properties of traditional implants, the method of finite element analysis was
used to analyze and extract the maximum principal stress corresponding to the lower incisor part of the incisor occlusion (INC), and
the printing path for 3D-printed carbon fiber reinforced polyetheretherketone composite material (CFR-PEEK) mandibular defect
implants was planned according to the direction of the maximum principal stress. Specimens printed with this path planning strategy
were compared with those printed by conventional 0°,45°, and 90° paths. The comparison was conducted through mechanical tests
and finite element simulations. The results show that the compressive strengths of the compression specimens printed by the path
planning group are improved by 25%, 40% and 75%, compared with the conventional printing path group, respectively. And the
mechanical properties are significantly improved. After reaching the load limit, all specimens were torn between layers at the
bottom, which was completely consistent with the stress concentration positions of the specimens in the finite element analysis, and
scanning electron microscopy revealed that specimens printed with conventional paths exhibited a higher number of pores on the

fracture surface and severe carbon fiber detachment. The results show that the method of printing implants according to the direction
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of maximum principal stress can effectively improve the mechanical properties of implants in the human body, and providing a new

idea for 3D printing implants of bone defects.

Keywords : 3D printing ; mandibular defect ; path planning ; carbon fiber reinforced polyetheretherketone ; finite element

analysis ; mechanical property
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Tab. 1 Finite element material model

Material Elastic modulus/GPa Poisson's ratio
Cortical bone 13.7 0.3
Cancellous bone 9.5 0.3

A: Fixation
B: Fixation
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Fig. 2 Muscle attachment diagram at the INC site
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Tab.2 Force exerted by muscles at the INC site

Right/N Left/N
Muscle type
X Y VA X Y VA
SM -158 =319 67.3 15.8 -31.9 67.3
DM -11.6 7.6 16.1 11.6 7.6 16.1
MP 66.3 -50.9 1078 -663 -509 107.8
AT -19 -0.6 12.5 1.9 -0.6 12.5
MT -1.3 2.9 4.8 1.3 29 4.8
PT -0.6 2.6 14 0.6 2.6 1.4
ILP 29.9 =36 -83 -299 -36 -83

Notes: SM is superficial masseter; DM is deep masseter; MP is
medial pterygoid; AT is anterior temporalis; MT is middle temporalis; PT

is posterior temporalis; ILP is inferior lateral pterygoid.
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Fig.3 Extraction of the maximum principal stress
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