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An Ultrasound Indentation System for Biomechanical 
Properties Assessment of Soft Tissues In- Vivo 

Yong-Ping Zheng, Student Member, IEEE, and Arthur F. T. Mak* 

Abstract-An ultrasound indentation system for biomechanical 
assessment of soft tissues in vivo was developed. The pen-size, 
hand-held probe was composed of an ultrasound transducer and 
a load cell. The ultrasound transducer was at the tip of the 
probe serving also as the indentor. The thickness and deformation 
of the soft tissue layer were determined from the ultrasound 
echo. A compressive load cell was connected in series with the 
ultrasound transducer to record the force response. A validation 
experiment was performed on porcine tissues. Force and defor
mation acquired with the present system was in good comparison 
with those obtained from a Housfield material testing machine. 
Material constants were obtained via a curve-fitting procedure 
by predicting the force transient response from the deformation
time data using a quasilinear viscoelastic model. In addition, 
deformation in the fat and in the muscle could be differentiated. 
The potential applications of this type of indentation probes are 
many. The specific application of this current development is for 
stump tissue assessment in the design of prosthetics. 

I. INTRODUCTION 

B IOMECHANICAL properties of tissues are known 
to vary from site to site and change with age and 

pathological conditions. These properties are known to be 
time-dependent, i.e., viscoelastic, and direction-dependent, i.e., 
anisotropic. Organizationally, biological tissues are arranged 
in various hierarchy to form structures and organs. Their 
properties can be different depending on whether they are 
measured in-vivo or in-vitro, in situ or as an excised specimen. 
For the lack of quantitative biomechanical tools for in-vivo 
assessment, palpation is still widely used to evaluate firmness 
of soft tissues in common clinical practice. The aim of 
our study is to develop a clinical apparatus to assess the 
biomechanical properties of soft tissue on bony substratum. 

Several generations of in-vivo soft tissue indentation assess
ment devices have been developed for various applications 
over the years [1]-[8]. Schade first developed an apparatus for 
the study of edema [1]. Kirk et al. utilized a similar approach to 
compare the elastic properties of skin and subcutaneous tissues 
in young and old individuals [2]. Ziegert et al. performed 
indentation creep experiments on the thin layer of soft tissues 
covering the anterior medial aspect of human tibia [3]. Lewis 
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et al. developed a subcutaneous fat thickness caliper device 
to assess subcutaneous edema [4]. Vannah et al. designed an 
indentation device with a holding shell to conduct indentation 
tests on the calf area of human subjects [5]. Recently, a 
computer controlled indentation apparatus was proposed by 
Mak et al. for the study of biomechanical properties of the 
below knee stump tissues and of the tissues of normal young 
adults [6]. A pneumatic indentation system using a copper 
bellows was developed by Ferguson-Pell et al. to study the 
physiological responses associated with pressure sores [7]. 
Horikawa et al. developed a portable equipment to study the 
hardness of muscular tissues using a laser distance monitor to 
determine the displacement of the indentor [8]. Although the 
technique required the tissue surface to be relatively flat, this 
was an attempt to design a relatively compact and portable 
system for soft tissue indention. 

The above indentation devices measured the epidermal 
displacement in concert with the displacement of the indentor 
[1]-[9]. The thickness of the tissue was not monitored. The 
stiffness measured in this manner would reflect not only the 
material properties of the tissues but also some geometric 
effects. In the present assessment methodology, ultrasound 
technique was employed to determine the change of the 
thickness of the soft tissue layer in the indented site as a 
function of time. With this approach and with the help of 
some theoretical models, one could separate the geometric 
effects from the indentation data and extract from the data 
the genuine material properties of the tissue layers. 

Diagnostic ultrasound techniques in terms of B-scan 
backscatter imaging and Doppler blood flow measurement 
in vessels and heart have proven to be successful biomedical 
applications of the ultrasound technology. Ultrasound was 
also used to monitor the internal displacement such as that of 
heart wall and fetal lung [10]. Recently, much research has 
been directed to the imaging of strain and tissue elasticity 
[11]-[21]. There are mainly two kinds of techniques to 
obtain those images, based on the two traditional diagnostic 
applications of ultrasound, respectively. One method imposed 
an external source of forced vibration and used the Doppler 
technique to determine the internal vibration of soft tissue 
and to generate the relevant image [11]-[14]. This vibration 
technique was proposed by Krouskop et al. for application in 
stump assessment [11]. A single ultrasound transducer was 
employed in their study, and the soft tissue on the lateral side 
of an above-knee amputee's residual limb was tested. Another 
method consisted of the application of an external indentor, 
usually the ultrasound transducer itself. Standard B-scan 
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