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[Abstract] Objective To investigate the influence of sinus morphology on the safety of hydraulic sinus floor eleva-
tion surgery and provide a biomechanical basis for clinical treatment. Methods After approval by the Medical Ethics
Committee of the institution, cone beam computed tomography imaging data from nine patients were collected. The
sinus morphologies were classified into slope, flat and concave types. Three-dimensional finite element models of maxil-
lary sinuses with the aforementioned morphologies were constructed using Mimics, Geomagic, Solidworks, and ANSYS

software, followed by a simulation of the hydraulic elevation process. The sinus membrane elevation height was set at
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1-6 mm. The pressure required for elevation and the equivalent, compressive, tensile, and shear stresses generated on
the sinus membrane were recorded and analyzed. The equivalent stress distribution on the sinus membrane was visual-
ized using contour plots. Results The elevation pressure and the equivalent, compressive, tensile, and shear stresses
generated on the sinus membrane increased along with the elevation height. When the sinus membrane was lifted to
6 mm, the elevation pressure was (301.17 + 98.1) kPa, (151.85 + 3.7) kPa, and (149.36 + 10.31) kPa in the slope, flat
and concave finite element analysis models, respectively. The equivalent stress was (1 023.86 + 201.99) kPa in the
slope sinuses, comparing with (687.91 + 69.08) kPa and (698.27 + 96.09) kPa in the flat and concave sinuses. Higher
elevation pressure and the equivalent stress, compressive stress and shear stress values were found in the slope sinus
than in the flat and concave sinuses under the same elevation height (P < 0.05). Stress distribution analysis revealed

that stress was uniformly distributed in the flat sinuses, followed by concave sinuses, but asymmetrically distributed in

the slope sinuses. Conclusions The slope sinuses demonstrated inferior safety and efficiency compared with the flat

and concave sinuses when performing hydraulic sinus floor elevation surgery.
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Figure 2 Assembled maxillary sinus augmentation

model in the Solidworks system
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Table 1  Number of nodes and elements in different maxillary

sinus finite element analysis models based on the French classi-

fication

Case  Number of nodes ~ Number of elements

Flat sinus 1 215 098 129 579

2 260 073 165 320

3 273 507 162 781

Slope sinus 4 191 703 113 790
5 198 200 117 562

6 220910 133 203

Concave sinus 7 253 199 151 185
8 196 746 115 779

9 280 733 165 574
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lus / MPa
Cortical bone!'!!! 13 700 0.3 Tetrahedron
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Sinus membrane!!*™'! Hyperelastic 0.3 - 0.45  Tetrahedron
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Figure 3  Elevation pressure trends for different maxil-

lary sinus types with increasing elevation height
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Figure 4 Comparison of various stress components in different types of maxillary sinus mucosa
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The number of nodes and elements in model 1 is 215 098 and 129 579; in model 2 it is 260 073 and 165 320; and in model 3 it is 273 507 and

162 781, respectively. Stress was diffused from the center to peripheral side as the elevation height increased. Stress distribution of the flat sinuses

was uniform and symmetric

Figure 5 Equivalent stress distribution cloud map in the flat maxillary sinus at different elevation heights
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The number of nodes and elements in model 4 is 191 703 and 113 790; in model 5 it is 198 200 and 117 562; and in model 6 it is 220 910 and

133 203, respectively. Stress was diffused from the center to peripheral side as the elevation height increased. Stress distribution of the slope si-

nuses was asymmetric

Figure 6 Equivalent stress distribution cloud map in the slope maxillary sinus at different elevation heights
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Figure 7 Equivalent stress distribution cloud map in the concave maxillary sinus at different elevation heights
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