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Abstract: Creation of a human skeleton model and characterization of the variation in the bone shape are
fundamentally important in many applications of biomechanics. In this paper, we present a parametric shape modeling
method for femurs that is based on extracting the main parameter of variations of the femur shape from a 3D model
database by using statistical shape analysis. For this shape analysis, principal component analysis (PCA) is used.
Application of the PCA to 3D data requires bringing all the models in correspondence to each other. For this reason,
anatomical landmarks are used for guiding the deformation of the template model to fit the 3D model data. After
subsequent application of PCA to a set of femur models, we calculate the correlation between the dominant components
of shape variability for a target population and the anatomical parameters of the femur shape. Finally, we provide tools
for visualizing and creating the femur shape using the main parameter of femur shape variation.
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Fig. 1 Femur anatomy. (a) Position of femur (shown in
red) (b) Landmark of femur (right femur) (c),(d)
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Fig. 2 Overview of the proposed method for parametric
modeling of femur shapes
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Fig. 3 Alignment of sample models. (a) Sample model
(b) Template model (c) results of 3D model
alignment using ICP (Iterative closest point)
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Fig. 5 Parameters of femur shape,”® FHD: Femoral
head center, FND : Femoral neck diameter, FNL:
Femoral neck length, FNA: Femoral Neck Angle,
EB: Epicondylar breadth, MCL: Medial condylar
length, LCL: lateral condylar length, IFLM:
Distance from intercondylar fossa to lesser
trochanter, IFGP : Distance from intercondylar
fossa to greater trochanter, ML : Maximal length
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Table 1 Input geometry parameters for femur shape
modeling
(Unit : mm, deg)

Model [IFLM IFGP TDS VDH VDN MCL LCL EB FNL FNA

1 334 387 33 49 35 43 40 8 43 128
312 366 31 46 33 43 38 80 49 119
345 401 34 52 38 51 51 94 56 133
302 350 29 46 36 46 39 80 44 118
414 366 31 50 37 48 46 88 47 131
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Fig. 6 Results of parametric shape modeling of femurs
using statistical shape analysis. (a) model 1, (b)
model 2,(c) model 3, (d) model 4, (¢) model 5. in
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Fig. 7 An error rate of femur geometry parameters
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