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SUMMARY 

In the next three years, we will investigate a method to easily 

generate individual volume conduction models of the human 

upper thigh for the analysis of surface electromyographic 

(EMG) data. Magnetic-Resonance-Imaging (MRI) will be 

used to construct an Active-Shape-Model (ASM) of the upper 

thigh that will be able to adapt to patient specific medical 

image data and Diffusion-Tensor-Imaging (DTI) will be used 

to add information about the orientation of muscle fibers [1]. 

The ASM will consist of a standard model of a human thigh 

that was generated by averaging over individual models con-

structed from MRI images and a matrix describing the allowed 

deformations of the standard. 

 

 

INTRODUCTION 

Today’s EMG methods have several drawbacks that encour-

age the investigation of new methods to measure muscle activ-

ity in-vivo. While needle EMG, as well as surface EMG, cover 

but a very small area of the observed muscle, surface EMG 

and high-density EMG are only able to reach the muscles 

located directly below the surface. In addition, needle EMG is 

highly invasive and painful, especially during contractions 

with length change of the muscle. [2] 

 

Localization of bioelectrical sources has been investigated for 

a long time in electroencephalography (EEG) and electrocar-

diography (ECG) and integrated into clinical routine [3]. 

There had been a few early attempts to develop a similar 

method in EMG but they weren’t investigated further [4-6]. 

The first promising approach was published only three years 

ago by K. van den Doel who, developed a sophisticated Finite-

Element-Model (FEM) for the analysis of surface EMG data 

[7,8]. 

 

To be able to solve the inverse potential problem in EMG, one 

needs to build a 3D model of the subject’s local anatomy (e.g. 

the upper thigh) and assign conductivity values to each node 

of the model. Usually, this is a very expensive and time con-

suming process, as 3D models are generated from CT or MRI 

scans of the subjects, which have to be segmented into differ-

ent tissues and then assigned with the conductivity values. An 

additional challenge is the anisotropic conductivity inside the 

muscles that has to be incorporated into the model. 

 

Therefore, the main purpose of our work is, to build an Ac-

tive-Shape-Model [9,10] of the human upper thigh that is able 

to adapt to rather sparse but easily obtained subject-specific 

image data. This image data is coming from a 3D body scan-

ner (Human Solutions GmbH) that maps the whole body sur-

face within seconds and additional ultrasound slices that dis-

play the distribution of the anatomical structures. 

 

 

METHODS 

Anatomical and Diffusion-Tensor images are acquired using a 

3T MRI Scanner (Siemens MAGNETOM
 
Verio). The Region-

of-Interest (ROI) is set from top to bottom of the femur of the 

right leg. The (n≥30) subjects’ legs are physically immobilized 

during the acquisition to make sure that anatomical and DTI 

images are perfectly overlapping. Imaging sequence details 

are determined during each experiment to obtain the best im-

age quality each time. 

 

Afterwards, the anatomical images of all subjects are manually 

segmented into predefined regions (e.g. ‘Femur’, ‘Fat’, ‘Skin’, 

‘Muscle’) and a surface mesh for each of these regions is gen-

erated. A set of corresponding landmarks for the 3D models of 

all subjects then has to be found, that includes all significant 

points describing the shape of the anatomical structures. 

 

These 3D models will be registered by rigid transformations 

onto each other and combined into a Point-Distribution-Model 

(PDM). Thus, the PDM is a model of mean size that contains 

all shape variations of the different anatomical structures of all 

subjects. A principle component analysis (PCA) is then per-

formed that produces a matrix containing the occurring de-

formations of the anatomical regions. The ASM is the combi-

nation of an averaged standard model of the PDM and this 

Matrix. 

 

To assign the conductivity values to the model, the surface 

meshes need to be filled with nodes. In regions of fat, bone or 

skin, the conductivity is just a number as it is isotropic and 

will be considered homogenous inside one tissue. In muscle 

fibers on the contrary the conductivity is highly anisotropic. 

Thus, a 3x3 tensor that accounts for the different conductivity 

values in different directions is assigned here. As the direction 

of water diffusion is also dependent on the direction of the 

muscle fibers, the principle axis of the conductivity tensor and 

the diffusion tensor measured with DTI should be the same. 



To obtain the conductivity tensor the diffusion tensor is re-

scaled while leaving the orientation the same [11,12]. Conduc-

tivity values for the different tissues are taken from literature 

[13-15]. 

 

 

RESULTS AND DISCUSSION 

As MRI data acquisitions is not closed yet results can't be 

presented in this abstract but will be demonstrated in parts on 

the conference. 

 

The resulting ASM knows the possible shapes of the anatomi-

cal structures inside the thigh. Thus, it will be able to ade-

quately adapt to the subjects individual morphology, even if 

the subjects image data is sparse. The missing parts of image 

information are compensated for by a-priori information con-

tained in the ASM. This provides the possibility to generate 

individual 3D models of subjects, with very little imaging 

costs. 

 

Final goal of this work is the registration of the ASM to a 

person with a 3D body surface scan that is done in only 10 

seconds and applies no ionizing radiation (just laser light) and, 

if needed, additional ultrasound images that show the distribu-

tion of the anatomical structures in a couple of layers. 

 

 

CONCLUSIONS 

One challenge of this research program is, to handle the 

amount of landmarks that are needed to describe such a com-

plex object as the upper thigh within reasonable computational 

time. A second one will be to calculate the conductivity tensor 

from the measured diffusion tensor which has been done in 

brain MRI but not yet in muscles. 

 

Conductivity models of human body parts will help improve 

the analysis of electromyographic signals and provide new 

ways to look into muscle activation patterns and inter- and 

intramuscular coordination. The possibility to easily generate 

those from simple 3D body surface scans and ultrasound im-

ages will speed up the investigation in this area considerably. 
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