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[Abstract]  Objective  To design minimal invasive screw on posterior pelvic ring and perform three-
dimensional finite element analysis based on a pelvis finite element model. Methods We measured the pelvic
anatomical data of 20 healthy volunteers and identified potential designs for minimal invasive screw on posterior
pelvic ring. A finite element model of pelvis was then established. Three-dimensional finite element analyses were
performed under static and dynamic mechanical loading, respectively. Results Three screw tracks on ilium (A, B
and C) were identified based on a three-dimensional reconstruction of pelvis. Nail track B and C had greater length
and width, but shorter distance between nailing and soft tissue compared with nail track A. Static loading under an
external rotation load of 500 N generated a maximum Mises Von stress of 582. 05 Pa and sacral iliac complex of
107. 38 Pa. The greatest strain was located at the articular cartilage on the side of the nail, followed by lateral sacral
joint cartilage and symphysis pubis. The largest displacement was located at the ilium on the side of the nail, with a
gradient decrease to the opposite side. The largest displacement of the anterior superior iliac spine was 0. 35 cm on
the side of the nail. The dynamic loading identified displacement of the anterior superior iliac spine with 1.5 mm in
Z axis, 1.8 mm in X axis and —0. 2 mm in Y axis; and displacement of the pubic bone with 0. 8 mm in Z axis,
1.0 mm in X axis and 0. 03 mm in Y axis. The maximum displacement appeared along the impact direction: Y axis.
Relatively large equivalent stress was found in pubis and ischium, anterior superior iliac spine, sacrum, acetabular

that are prone to fracture. With increased impact force, the stress of pelvis increased over time. The maximum
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impact force, stress and displacement of the pelvis occurred at 10 ms when peak force was reached. Under the

impact of 4 000 N and 5 000 N, the bone was subject to a stress level of over 200 MPa, exceeding its average yield

strength, which suggests a possibility of pelvic fracture. Conclusion Taking B/C as a main screw track and A as an

auxiliary screw track is a reasonable choice. The pelvic finite element model lays a foundation for further studies into

sacral fracture and design of screw tracks.
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Fig 1 Three-dimensional reconstruction of normal pelvic Fig 2 Screw track on ilium Fig 3 Finite element model of normal pelvic
Fig 4 Static load (A, B) and dynamic load (C, D)

1A: The coronal scanning image of CT; 1B: The reconstruction model of normal pelvic; 2A: The screw track at the reconstruction model;
2B: The screw track shown on a specimen; 3A: Three-dimensional model after remove of noise signal; 3B: Three-dimensional finite element
model of pelvis in Hypermesh; 3C: Finite element mesh of the three-dimensional finite element model; 4A: To simulate the pelvic under
external extruded force trough a lateral compressive load of 500 N on left crista iliaca; 4B: To simulate the pelvic under external rotation force
trough a horizontal backward load of 500 N on left anterior superior spine; 4C: To simulate Guillemot test trough a lateral impact load; 4D: To

simulate Majumder test trough a lateral impact load
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Table 2 The number of unit, node and contact of finite element model

Model Soild element Shell element Object element Contact unit Total unit Total node
Hip bone 45 943 4327 135 238 50 643 27 953
Sacrum 16 277 3 785 276 362 20 700 11 385
Symphysis pubis 365 0 53 102 520 248
Sacroiliac joint 1 890 0 207 275 2 372 1 206
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Table 3 The data of screw track/mm, n=20

3000F

Impact force/N

2 #HXR

Ttem Track A Track B Track C
Length of screw track 61.36+7.25 121.67411. 89 115.5349. 39
20% width 11.23+4.18 16.34+3.92 8.72+3.32
40% width 11.05£3.11 12.47+2.87 12.85+14. 36
60% width 12.88+5.39 20.3444.71 15.37+3.49
80% width 8.6442.57 22.4946.10 27.2245.37

100% width 8.13x2.72 17.10%5. 22 17.9344.55
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Table 4 Space angle of screw track A,B and C/°,n=20

Angle Track A Track B Track C
Sagittal 48.88+6. 34 31.1145.97 38.59+7.39
Coronal 60.22+3.27 58.34=+10. 81 51.43+8.28
Horizontal 35.314+6.83* 41.2643.947 30.424+5.317

* : head side; # .

nail side

®5 ABCIHEHTRERAANEER/ mm.n=20

Table 5 Distance between entry point and soft tissue/mm,n=20

Ttem Track A Track B Track C
Projection direction 45.66+12.24 35.68+£7.95 34.52+8.26
distance
Vertical distance 35.17+7.32 28.43+9.72  25.34+£8.91
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Fig 6 Space position of screw tracks

Fig 9 The outcome of statics under an external rotation load of 500 N

B8 STEMHITSESRARNERS

Fig 8 The distance between entry point and soft tissue

Fig 7 Space angle of screw tracks
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6A, 7TA: Track A; 6B, 7B: Track B; 6C, 7C: Track C; 8A: The distance between the track A entry point and soft tissue; 8B: The

distance between the track B entry point and soft tissue; 8C: The distance between track C entry point and soft tissue; 9A: The maximum Von

Mises stress of pelvis is 582. 05 Pa and the stress of the sacral iliac complex is 107. 38 Pa; 9B: The largest strain distribution located at the

articular cartilage in the same side, followed by lateral sacral joint cartilage and symphysis pubis; 9C: The largest displacement distribution

located at the ilium in the same side, with a gradient decrease to the opposite side. The largest displacement of the anterior superior iliac spine

in the same side was 0. 35 cm
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