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Abstract - The understanding of the mechanical behavior of 

the muscle tissue is an important field of investigation with 

different applications in medicine, car crash and sport. 

Currently, few in vivo imaging techniques are able to 

characterize the mechanical properties of muscle. Thus, the 

development of an in vivo identification method is a current 

thematic where the displacement field measurements could be 

used for further interpretations. This study aims at presenting 

the displacement fields measured in the anterior, posterior, 

lateral and medial parts of the thigh muscles using ultrasound 

and Digital Image Correlation (DIC) techniques. The results of 

the displacement field measurements confirmed and are 

correlated with the ultrasound observations. 

Index Terms - Thigh muscle, digital image correlation, 

ultrasound images, displacement fields.  

I. INTRODUCTION 

he clinician often use palpation techniques to 

determine the level of pathologies. Nevertheless, an 

objective indicator is needed to have a fine assessment. In 

this context, the muscle mechanical behavior of soft tissues 

could be used. 

Currently, to complete the structural analysis obtained 

with US (Ultrasound) or MRI (Magnetic Resonance 

Imaging), elastography techniques enable the assessment of 

the muscle viscoelastic properties [1-3]. Moreover, the soft 

tissues are complex and are well-known to have a nonlinear 

and quasi incompressible behavior. Consequently, the 

analysis of these behaviors could have a diagnostic interest 

for clinicians. In addition, a better understanding of the 

behavior of soft tissues has a beneficial effect in the 

biomechanical modeling of human body. Thus, to further 

analyze these characteristics, experimental tests and 

numerical tools were used to measure the muscle 

displacement field.  
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A way to identify the hyperelastic behavior of muscle 

tissues was to perform a FEMU (Finite element Model 

Updating) on displacement contours of the muscle, bone and 

adipose tissues between MRI acquisitions and simulation. 

This identification allowed to identify the hyperelastic 

behavior of the arm and calf muscles [4, 5]. In these cases, 

the measurement was limited on the contours of the muscles 

and a full-field displacement may have a beneficial effect on 

the identified hyperelastic properties of skin and muscle. The 

identification error was presented from a numerical example 

which mimics a full-field displacement of soft tissue [6-7]. 

A way to measure the displacement and strain fields was 

developed on the nineteen, [8-10] and consisted in 

correlating the B-mode signal [11, 12]. Currently, tumors 

from breast tissue were discerned using the spatial 

distribution of the hyperelastic material properties [4, 13]. 

From this cross-correlation technique, Han et al. [14] 

acquired ultrasound images on phantom, under several static 

loadings, to measure the 2D and 3D displacement and strain 

fields. Another way to measure the displacement field is to 

apply DIC (Digital Image Correlation) [16, 17, 18], often 

used in the mechanical field.  

In a previous study, we have applied this technique on 

ultrasound acquisitions to measure the displacement field on 

a phantom, composed of inclusions, and then on the anterior 

part of the thigh [19]. The present study is a continuity of 

our previous work and aims at presenting the other 

displacement fields measured in the lateral, medial and 

posterior parts of the thigh using ultrasound and DIC 

techniques.  

II. MATERIALS AND METHODS 

A. Experimental protocol 

The thigh muscle was placed in a home-made 

compression device [18] composed of three plates (Fig.1). In 

vivo experiments were performed on the thigh muscles of a 

33 year old male without venous pathologies. The lower 

plate was only used as a support for the leg. The two upper 

ones can be moved down (along the axial axis, i.e. the beam 

ultrasound axis) to compress the muscle and has a specific 

design to fit the ultrasound probe (9MHz). Moreover, 

sensors (Tekscan) were placed between the two upper plates 

in order to quantify the distribution of pressure. 

The ultrasound probe was placed in the lower third part of 

the thigh due to the low amount of adipose tissue allowing a 

better strain of the muscle tissue. The US acquisitions were 

performed in anterior (Fig.2A), posterior areas (Fig.2B), 
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lateral (Fig.2C) and medial (Fig.2D) to have displacement 

data within each thigh muscle. The anterior area was 

composed of the vastus medialis (VM) and vastus 

intermedius (VI). The posterior area was composed of the 

biceps femoris and the semitendinosus, the lateral area of the 

vastus lateralis (VL) and the vastus intermedius (VI). 

Finally, the medial area was composed of the gracilis (Gr) 

and sartorius (Sr). 

 To minimize the measurement noise, the US images were 

acquired with parameters (frequency, gain, dynamic, etc...) 

set up as optimal [6]. 

B.  Displacement field measurement 

The displacement field was measured between 

uncompressed and compressed muscle images using the DIC 

method, based on the grey level comparison [15, 16]. To 

facilitate the convergence of the image correlation, five 

consecutively images with a loading step of 15N were 

acquired to obtain the displacement field between the first 

and the last level of stress (0 to 60N).  

Cartographies representing the lateral (X) and axial (Y) 

displacement fields (Figure 3) were obtained from 

experimental protocols.  

 

 
Figure1. Home-made compression device 

 

III. RESULTS 

A. Analysis of the displacement within the anterior area 

The anterior part was previously analyzed [18] and is briefly 

summarized hereafter. The ultrasound acquisition revealed a 

sliding between both vasti muscles (VM and VI) around the 

aponeurosis (Fig.3A, 3B). The result of the displacement 

field (Fig.3C) measured along the axial (X) axis, showed 

highest displacements (about 10mm, red color) close to the 

fat tissue while any displacement was found around the bone 

tissue. Fig.3D illustrated the cartography of the displacement 

field measured along the lateral (Y) axis. A high 

displacement gradient (from -5mm to 2mm), indicated by 

arrows, was observed around the aponeurosis located 

between the vastus intermedius (VI) and the vastus medialis 

(VM) muscles. This last result confirmed the qualitative 

sliding obtained during the compressive test.  

B. Analysis of the displacement within the posterior area 

The red region of interest used for the DIC was reduced 

close to the bone tissue due to a lack of texture. This bad 

speckle may be due to the muscle structure or insufficient 

signal information. The ultrasound acquisition revealed a 

higher strain on the right part of the BF muscle (white 

arrows) (Fig.3E, 3F). This result is confirmed through the 

axial (X) displacement cartography showing a higher 

gradient also in the right BF muscle part (Fig. 3G).  

Moreover, a decrease of the angle between both aponeurosis 

(Fig.3E, 3F) occurred and this result was in agreement with 

the lateral displacement field cartography (Fig.3H) where a 

high gradient was present. 

C. Analysis of the displacement within the medial area 

The ultrasound acquisition revealed a high strain in the 

middle of the of sartorius, and a lateral displacement of this 

muscle (Fig.3I, 3J). These qualitative observations were 

confirmed with the displacement cartographies.  

Indeed, the sartorius showed a high gradient on the belly 

region while a low gradient was found on both extremities 

(Fig.3K). The result of the lateral displacement field 

(Fig.3L) revealed a displacement of -5 mm on the left side 

and 5 mm on the right side, attesting the ultrasound 

observation.  

 

 
Figure 2. Experimental tests realized in (A) the anterior, (B) 

posterior, (C) lateral and (D) medial areas. 

 

 



  

 

 
Figure 3. Ultrasound acquisitions on the anterior, posterior, medial and lateral areas of the thigh (A, E, I, M) in the 

unloaded condition and under a loading (B, F, J, N) of 1 kPa. Horizontal (C, G, K, O) and vertical displacement fields (D, H, 

L, P). (VM: vastus medialis, VI: vastus intermedius, Sr: sartorius, BF: biceps femoris, VL: vastus lateralis) 

 

 

D. Analysis of the displacement within the lateral area 

During the real-time ultrasound acquisition, a sliding of the 

vastus medialis (VM) and vastus lateralis (VL) was observed 

close to the aponeurosis. However, this phenomenon is 

difficult to identify through only the two present images 

(Fig.3M, 3N). This sliding is well identified through a 

displacement discontinuity (white arrows) present around the 

aponeurosis tissue.  

In addition, the higher displacement gradient was located in 

the middle of the axial displacement cartography (Fig.3O) 

due to the presence of the bone. 

IV. DISCUSSION 

This work is the continuity of Affagard’s study [18] who 

has validated the displacement fields with the strain field 

cartographies calculated using diffuse approximation [19]. 

This method was firstly validated on a phantom and 

subsequently applied in vivo on the anterior part of the thigh 

muscle.  The originality of this study was to investigate the 

other thigh regions to further characterize the muscle 

behaviors through an inverse approach.     

 

The comparison of the displacement fields between the 

several areas (Fig.3C, 3G, 3K, 3O) showed similar maximal 



  

axial displacement levels (close to 10mm) with a same 

applied loading. Moreover, within the adipose tissue, a low 

strain was observed during the ultrasound acquisition, 

confirmed through the displacement cartographies where a 

low gradient was obtained. 

For the four thigh regions, the highest lateral gradient was 

mainly located close to the aponeurosis tissue (Fig.3D, 3H, 

3L, 3P). This result is probably related to the muscle 

structure, which may induce displacement discontinuities, 

leading to a higher noise measurement in the lateral axis. 

According to the important level of sliding and strain 

between muscles, a way to improve the displacement 

cartographies and then the identification would be to develop 

an integrated-DIC method to remove the discontinuity 

problems. 

To our knowledge this study is the first to use the DIC 

method on muscle tissue in order to obtain the displacement 

field. The limitation of the present study is the measurements 

obtained from one subject and should be realized on other 

participants. 

Indeed, the quality of images and the mechanical 

properties of the muscles will differ between individuals, 

due to the gender, age and health of muscle. Thus, the 

measured displacement field might be a starting point for the 

characterization of the in vivo elastic properties and may be 

extended to the measurement of different soft tissues.  
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