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Abstract: Objective To investigate biomechanical properties of personalized titanium root-analogue implants with
porous surface, so as to provide theoretical basis for the design and clinical implantation of such implants.
Methods Based on CT data, the personalized model of root-analogue implant with porous surface was designed
by using 3-matic software, and after registering it with the mandible model, the mesh was divided and material
parameters were attributed. The implant was applied with 200 N loading, and the maximum stress of the implant
and the stress and strain of the bone around the implant were analyzed. An appropriate clinical case was selected
and the implant was implanted immediately after tooth extraction for conducting clinical evaluation. Results The
peak stress of the personalized root-analogue implant with porous surface was mainly concentrated on the
interface between the solid structure and the porous structure of the implant. The maximum stresses of the solid
structure and porous structure were 137. 710 and 37.008 MPa, respectively, which were smaller than its yield
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strength. The three-dimensional (3D) printed porous root-analogue implants had good initial stability immediately

after implantation, with minimal trauma and similar mechanical transmission to natural teeth. This simplified the

surgical process, shortened the treatment time, and had high patient satisfaction. Conclusions The 3D printed

root-analogue implant with porous surface explores a new method for immediate implantation after tooth

extraction.
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Fig.2 Surgical procedures of tooth extraction and porous root implants (a) Preoperative X-ray examination, (b) Diseased

teeth 46, (c¢) Minimally invasive root extraction, (d) Alveolar socket after tooth extraction, (e) Select implant to try on

smooth test piece, (f) Suture after implant implantation, (g) Extracted tooth, smooth test piece and implant
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Fig.3 Stress distributions on implant solid and porous structure under different loading
(a) 200 N vertical loading, (b) 200 N buccal loading
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(a) 200 N vertical loading, (b) 200 N buccal loading
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Fig.5 Strain distributions of cortical bone and cancellous bone under different loading (a) 200 N vertical loading, (b) 200 N buccal loading
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Fig.6 Clinical and imaging evaluation of implants (a) Imaging data at 3 months after surgery, (b) Permanent repair of zirconia at 3 months after surgery
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