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SUMMARY 

Dynamic three-dimensional (3D) deformation of the pelvic 

bones is a crucial factor in the successful design and longevity 

of complex orthopedic implants. Measuring the 3D 

deformation of a pelvis specimen on a material testing 

machine with a 3D video motion capturing system followed 

by computed tomography (CT) scan allows the generation of a 

more realistic 3D deformation-material structure database for 

further analysis techniques like finite element modeling. The 

goal of this study was to measure the 3D deformation of the 

whole pelvic specimen in the standing position under dynamic 

sinusoidal loading conditions and link them with the 

underlining material properties. The 3D displacement of 80 

reflective markers placed onto the bone surface where 

recorded using a motion capture system with 10 high-speed 

digital video cameras. Afterwards a CT scan of the pelvis with 

the markers was made. 

The link of the spatial positions of surface markers with the 

underling bone-density opens possibilities in dynamic testing 

and validation of FE modeling, particularly in complex 

implant design. 

 

 

INTRODUCTION 

The improvements of video motion capturing (MoCap) 

systems over the last years make it possible to measure small 

three-dimensional (3D) movements of passive reflective 

markers placed on the surface of the pelvic bone. The 

knowledge of small dynamic 3D deformations of the pelvic 

bone is a crucial factor in the successful design and longevity 

of complex orthopedic oncological implants. The goal of this 

study was to measure the 3D deformation with a MoCap 

System followed by a computed tomography (CT) scan to 

generate the a more realistic 3D deformation-material 

structure database for further analysis techniques like finite 

element (FE) modeling. 

 

 

METHODS 

The accuracy of the MoCap measurement setup was 

determined under the same conditions as the pelvis specimen 

tests were performed. The spatial displacement accuracy of the 

reflecting markers (diameter: 6.5mm, Prophysics CH) was 

determined by using a manually-driven 3D linear stage (M-

461-XYZ-M, Newport Spectra-Physics, D). The performed 

procedure consisted of a 3D-displacement curve with 10 steps 

of 0.01mm. The marker on the 3D linear stage were recorded 

by 10 high-speed digital cameras (6 Vicon MX13+, 4 Vicon 

T40; Vicon GB) and tracked with the Vicon Nexus software. 

The minimal accuracy of the MoCap-System over the whole 

3D-displacement curve was for each marker calculated. 

 

 

Figure 1: Setup measuring the dynamic 3D-deformation with 

a pelvic specimen. 

 

The test object was a complete fresh-frozen pelvic specimen 

(n=3), incl. the individual proximal parts of both femora. After 

thawing to room temperature, the soft tissue except the 

supporting ligaments was carefully removed. Then specimen 

was placed in a two-leg standing position in a special fixture, 

mounted on the table of a material testing machine (MTS 

Bionix 858; MTS USA). Finally 80 reflecting markers 

(diameter: 6.5mm) were glued to the bone at anatomically 

defined positions to determine the 3D-displacement. The load 

was applied vertically onto the sacrum by the axial actuator of 

the MTS with an adjustable fixture at the sacrum, allowing 

unconstrained rotational and transverse motion [1]. The 

dynamic sinusoidal loading procedure consisted of 100 

loading cycles at 1 Hz with amplitudes between 100N and 0.5, 

1, or 1.5 × body weights. During sinusoidal loading the 3D 

movement of the reflecting markers was recorded by 10 high-

speed digital cameras at 60Hz. Simultaneously the 

displacement of the axial cylinder and the applied load was 



stored on the Vicon system. After performing all the 

mechanical loading tests, a CT scan (Siemens Somatom 

Sensation 16; Siemens, D) of the pelvic specimen with the 

markers was performed in the same two-leg standing position 

as on deformation testing. This allows localization of the 

underlying bone structure under each marker. 

 

 
Figure 2: A CT-slice from the pelvis specimen with the cross-

section of six passive reflecting markers from the MoCap-

System (indicated by the arrows). 

 

 

RESULTS AND DISCUSSION 

The accuracy of the 3D displacement of the markers was 

±0.036mm using the 3D linear stage. Although smaller 

displacements where measured, but the noise level of the setup 

was the limiting accuracy factor. The spatial accuracy of the 

MoCap system is about 20 times better than that resolution of 

the CT scanner (0.74 × 0.74 by 1.00mm). Nevertheless, the 

CT scanner compared to the inter-marker distance 

(experience: about min. 2 times marker diameter) has a better 

spatial resolution and therefore is not the limiting factor in 

building a 3D deformation-material structure database. 

The reached accuracy of the measurement setup is in the range 

of similar systems [2, 3]. An increased accuracy could be 

achieved with a bigger marker diameter [2], which would lead 

to a bigger inter-marker distance and also include the risk of 

hiding other markers. However smaller markers could increase 

the numbers of measured points but they would be more 

difficult to handle and place precisely. Therefore in this study 

setup makers with a 6.5mm diameter were a good compromise 

between handling and resolution. 

 

 

CONCLUSIONS 

The combination of 3D video MoCap, material testing 

machine, and CT scan opens possibilities in dynamic testing 

and validation of FE modeling of complex implants. It may 

also improve the development process of new implant 

technologies with a better biomechanical compatibility with 

the surrounding environment. 
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