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Construction of a finite element model of human pelvis basing on the

visible human cryosection and its initial verification
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[Abstract] Objective To construct a three-dimension finite element model of human pelvis basing on
the color photos of human-body cryosection, so as to research the nonlinear biomechanical properties of
human pelvis. Methods The cryosection color photos of the first Chinese digitized virtual human were
chosen as the database in the range from L, to proximal 1/3 of femur. The image processing software
CryoSegmentation was used to extract out the contours of cortical and cancellous bones. The obtained data
were imported to Imageware to do preprocess, and then were imported to Ansys to create the finite element
model. The 10 node tetrahedron element SOLID92 was used to mash the bone and cartilages, and two-
dimension link element LLINK10 was used to mash the ligaments. Results Calculation was made for the
model when the sacroiliac joint was in the fusion state. Stress converged around the ear-shape articular
surface, and the maximum displacement occured in ;. Tension of ligament was low, and the stress of
interossea ligament was only 37 N in the fusion state.  Conclusions The finite element model of bone
and ligament system basing on color photos of cyosection is effective to obtain more information of
human anatomy structures, which was an important supplement to the method of CT and MRI finite
element model.
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Fig 1 The contours of cortical and cancellous bone

drawn out by CryoSegmentation
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Fig 2 The sketch map of elements in the model
A:10-node tetrahedron element SOLID92; B:Two-dimension link element LINK10.
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Tab 1 The properties, element types and element numbers of materials
. Properties
Material - - - Element numbers References
Elastic modulus (MPa) Poisson’s ration
Femoral cortical” 18 200 0.38 37 720 Black!’
Femoral cancellous‘" 389 0.3 28 846 Blacks’
Ilium cortical” 17 000 0.3 104 700 Dalstral”]
Tlium cancellous” 132 0.2 153 806 Dalstral”)
Sacrum cortical" 6 140 0.3 97 982 Hakim!®J
Sacrum cancellous‘” 1 400 0.3 158 795 Hakim!®
Lumber cortical” 12 000 0.3 130 980 Kawahara!®]
Lumber cancellous”’ 100 0.3 148 830 Kawahara'
Lumber endplate” 24 0.4 5 569 Kawaharal?)
Fibrous rings‘? 450 0. 45 55 922 Goell10]
Vertebral pulp”’ 2.25 0.499 5 9 725 Rennert'"]
Sacrum cartilage‘"’ 1 000 0.3 5 804 Zheng' 12
Tlium cartilage 1 000 0.3 3870 Zheng[12]
Pubic symphysis‘” 5 0.45 1399 Zheng!12]
Acetabulum cartilage‘" 12 0. 42 7 271 Black!>
Material Stiffness coefficient (N/mm) Element numbers References

Sacrospinous ligament‘® K=1 400 80 X 2 Zheng¢’
Sacrotuberous ligament® K=1500 300 X2 Zheng'¢!
Interossea ligament‘® K =2 800 400 X2 Zheng'¢!
Sacroiliac anterior ligament‘® K=700 120X 2 Zheng'¢/
Sacroiliac dorsalia ligament (long) K=1000 200X 2 Zheng¢’
Sacroiliac dorsalia ligament (short) ® K =400 160 X 2 Zheng®’
Iliolumbar ligament‘® K=1 000 200X 2 Phillipst!
Pubicum superius ligament® K =500 100 Phillipst
Pubis arcuatum ligament® K =500 100 Phillipst!

D Constitutive model; Isotropy; Element type: SOLID92; Total Element numbers: 954 292;  Constitutive model: Anisotropy; Element

type: LINK10; Total Element numbers:3 120.
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Fig 3 Construction of finite element model

A:Elements stand for ligaments; B:The whole element model.
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Fig 4 The Von Mises stress distribution of the whole pelvis in the fusion model in double-support standing posture

A:Results of the current model; B:Results of the current model without ligaments. MX:Maximum stress; MN:Minimum stress.
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Fig 5 The Von Mises stress distribution of iliac bones in the fusion model in double-support standing posture

A': Anterior view of left iliac cortical bone; B: Anterior view of left iliac cancellous bone. MX:;Maximum stress; MN:Minimum stress.

e e E— |
A0 2222 4444  6.667  8.889

1111 3333 5556 7.778 10

B 299E-03 960289 1.92 2.00 3.04

480294 1.44 24 336 432



388 8HSHESRD 2010 48 7 H.,37(4)

MN:
C — D —
0 2222 4444 6.667  8.889 0 444444 888889 1333  1.778
1114 3333 5556 7778 10 222222 666667 1111 1556 2

6 WHHBTMAEEETIHERXTRENEIL NS HE
Fig 6 The Von Mises stress distribution of sacral bones and sacroiliac cartilage in the
fusion model in double-support standing posture
A': Anterior view of sacral cortical bone; B:Anterior view of sacral cancellous bone; C:Laterior view of left sacral ear-shaped surface;

D: Laterior view of left sacroiliac cartilage. MX:Maximum stress; MN: Minimum stress.
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Fig 7 The displacement distribution of the whole and components in the fusion model in double-support standing posture
A Anterior view of the whole model; B: Antior view of the whole pelvis; C:Anterior view of the left iliac bone;

D: Anterior view of the sacral bone. MX:Maximum stress; MN:Minimum stress.
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Tab 2 The Von Mises stress and displacement peak value of the whole and components in the

fusion model in double-support standing posture

Left ilium Right ilium Sacrum Left sacroiliac joint ~ Right sacroiliac joint

Parameter Whole - - - - - Pubic symphysis
Cortical Cancellous ~ Cortical Cancellous ~Cortical Cancellous ~ Sacrum  Tliac Sacrum  Tliac

Major principal stress (MPa) 18.10 12,00 0.23 16. 40 0,24 12,20 3,00 3.50 5.20 3.10 3.50 0.36

Third principal stress (MPa) 42,80 = 17.50 =0.70  =27.80 =0.50  —=12.50 =5.30 =3.40 -11.20 =3.10 —4.40 -0.16

Equivalent stress (MPa) 41,00 16. 10 (.46 25,70 0.52 13.50 4,32 5.00 4,24 2,50 2.90 0.16

X displacemen (mm) 0.12/ 0.09/ 0.09/ 0.07/ 0.10/ 0,05/ 0.03/ 0.03/ 0.03/
-0.07 -0.07 -0.07 - 0,03 =0.00 =0.01 -0.03 -0.03 -0.01

Y displacement (mm) 0.32/ 0.16/ 0.14/ 0.32/ 0.13/ 0.12/ 0.12/ 0.11/ 0.03/
= 1.00 =0.08 =0.08 =-0.09 0,06 0,08 0,04 0,08 =0.03

7 displacement (mm) 0,15/ 0.06/ 0.07/ =0.06/ =0.10/  =0.10/ -0.10/ =0.10/ 0.01/
- 0,68 =0.18 =0.17 -0,37 =0.20 =0,20 =0,20 =0.18 =0.05

Total displacement (mm) 1.16 0.21 0.21 0.37 0.23 0.22 0.22 0.21 0.05
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Tab 3 The tensile force and elongation amplitude of all ligament components in the

fusion model in double-support standing posture

Tliolumbar Interossea Sacroiliac anterior Sacroiliaca dorsalia Sacrotuberous Sacrospinous
Parameter ligament ligament ligament ligament ligament ligament
Left Right Left Right Left Right Left Right Left Right Left Right
Tensile force (N) 3.34 4. 11 37.9 35.9 0 0 0. 06 0.25 1.56 1.57 5.91 4.94
Deformation (mm) 0.003 0. 004 0.014 0.013 0 0 () () ~() () 0. 004 0. 004
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