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INTRODUCTION: Symbrachydactyly is a rare 
congenital malformation of upper limb indicated by 
short or even absent fingers in children1. Adipose-
derived stromal cells (ASC) from adult and 
paediatric donors are used in this project to engineer 
osteogenic grafts for phalanx construction. The aim 
of this work is to investigate their biomechanical 
properties. Additionally, densitometric testing of 
volumetric tissue density and tissue dimensions is 
performed by quantitative contrast-enhanced 
computed micro-tomography (µCT). 
Mineralization is then compared to the elastic 
modulus of the tissue engineered constructs. 

METHODS: To engineer the phalanges, ASCs 
were associated with commercially available 
collagen sponges and assembled to form in vitro 
cartilaginous tissue constructs. They were then 
implanted ectopically in immunocompromised 
mice for up to 12 weeks to undergo in vivo tissue 
remodelling via endochondral ossification (ECO), 
see Fig. 1a. Two key methods were utilised to 
determine the structural and mechanical properties 
of the engineered phalanges: The specimens were 
imaged using contrast-enhanced μCT (SkyScan 
1172, NV) with Phosphotungstic Acid staining2 to 
calculate their dimensions and tissue composition 
(Fig. 1b). Furthermore, 3-point bending tests were 
conducted using a custom-made test setup (UMT-
Tribolab, Bruker, Fig. 1c) for the biomechanical 
assessment of stiffness and deformation from the 
elastic part of the load-displacement curve. 

RESULTS: The μCT imaging showed consistent 
sample dimensions throughout the study (length: 6 
to 14 mm, width: 2 to 5 mm). After 4 weeks of 
implantation, early signs of endochondral 
ossification were evidenced by the mineralization of 
the implanted cartilage tissues. However, it revealed 
significant differences between the different donors 
tested. The biomechanical testing demonstrated a 
continuous increase in the elastic modulus of the 
phalange grafts across the different time points, 
indicating improved mechanical strength (Fig. 2a). 
Additionally, a positive correlation between the 
elastic modulus and the percentage of mineralised 
tissue provided valuable insights into the bone 
remodelling processes associated with the 
engineered phalanges (Fig. 2b). 

 
Fig. 1: a) Contrast-enhanced μCT imaging by 
Phosphotungstic Acid staining of a phalanx graft 
(7 mm long). b) Analysis of the mineralization. c) 
Biomechanical 3-point bending test.  

 

 
Fig. 2: a) Relative Elastic Modulus and b) its 
correlation to mineralization after in vitro, 4 weeks 
and 12 weeks of implantation in vivo. 
 

DISCUSSION & CONCLUSIONS: This work 
contributes valuable knowledge about the 
biomechanical properties of engineered phalanges. 
The observed correlation between the observed 
mechanical properties and tissue composition 
supports the validation of the functionality of the 
engineered paediatric phalanges. 
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