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INTRODUCTION 
Apparent elastic properties of cancellous bone are often used 
to characterize the effect of osseous therapeutics [1], to 
compare experimental protocols [2] or as input data in finite 
element models [3]. Whatever the aim of evaluating 
mechanical properties of cancellous bone, measurements 
precision has to be assessed. However measurement 
variability is sparsely given.  
 
Embedded specimens of human trabecular bone were used and 
tested using a uniaxial cyclic compression to assess the 
Young’s Modulus repeatability. 
 
 
METHODS 
Specimen preparation 
Twelve calcanei taken from 6 male and 6 female donors have 
been used (80.6 ± 8.7years). All bones were cleaned of soft 
tissue and marrow, defatted using Supercrit® technique [4] and 
cut into parallelepipedic samples (around 15×15×24mm3) 
whose main axis was approximately aligned with the main 
trabecular orientation in the calcaneus. Before testing, sample 
ends were embedded in Araldite® epoxy resin and both 
extremities were milled to obtain plane and parallel faces. 
Specimens were moisturized in a saline solution 24 hours prior 
to experimentation and measured with a digital calliper. 
 
Mechanical testing 
Repeatability tests were carried out at room temperature 
applying cyclic compression loading with an Electropuls 
E1000 testing machine (Instron Ltd.) instrumented with a 2kN 
load cell. The specimens were positioned between two parallel 
steel compression platens (Figure 1). Deformations were 
recorded as close as possible of the sample with a 50-mm 
gauge-length extensometer (Instron Ltd.). 
 
A 30N-compression-preload was applied to ensure full 
contact. The test sequence consisted of 20 compression cycles 
between 2000 and 6000 µstrains with a 2Hz loading 
frequency. The test sequence was repeated three times for the 
twelve specimens, with complete take off of the specimen and 
of the extensometer between two sequences (fully-
repositioning test). The three measurements were carried out 
within the same day for a given specimen. Stress and strains 
were recorded during each test and allowed assessing Young’s 
modulus using 40 to 90% of the loading part of the stress-
strain curve. 

Evaluation of repeatability 
The repeatability assessment was performed using [5]: the 
coefficient of variation (CVSDj) of repeated measurements was 
calculated for each specimen, noted j, using: 
 

  
(1) 

Where xij is the result of the ith measurement for specimen j,  
xj is the mean of all xij  and SDj is the standard deviation of nj 

repeated measurements: 
 

 

(2) 

The global coefficient of variation (CVSD) was used to 
evaluate the repeatability over the whole group of specimens 
corresponding to the repeatability of the method and can be 
written: 
 

 

(3) 

With m the number of specimens and SD defined by: 
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Figure 1:  Calcaneus specimen positioned in the compression 
device. 
 
 
RESULTS AND DISCUSSION 
The three values of Young’s Modulus for the 20th cycle were 
used for the calculation of mean Young’s Modulus of each 
specimen. Results are presented in table 1. Standard deviation 



was computed and the coefficient of variation of each 
specimen was evaluated. The global coefficient of variation of 
the proposed experimental protocol was 1.2%. 
 
The technique used in the current study is a platen 
compression method with epoxy-embedded ends. This 
technique was preferred to the currently most often used (brass 
end-cap (glued specimen), Keaveny et al. 1997 [6]) because 
the current biomechanical protocol has to be coupled with an 
ultrasonic one avoiding fixation of the specimen extremities in 
a steel end-cap. The current protocol allows repeated Young’s 
modulus measurements alternatively with non-destructive 
measurements (such as ultrasounds). For instance Moreschi et 
al. 2011 [7] proposed a dynamic acousto-elastic testing 
method for the estimation of trabecular bone microdamage 
that can be applied as an intermediate measurement.  
 
Keaveny et al. 1997 [6] attempted to study the variability in 
Young’s modulus determination of trabecular bone using 
compression testing and different measurement methods (end-
cap technique compared to platens method). They calculated 
the coefficient of variation for the platen methods of one 
bovine tibial specimen (CV = 15.6%) and one bovine humeral 
specimen (CV = 8.6%).  In this paper, they also evaluated the 
coefficient of variation of end-cap technique using 10 bovine 
tibial specimens tested 6 times. The CV ranged from 0.56% to 
1.33%. Our current protocol provides a CV close to the one 
obtained by Keaveny using the end-cap technique, confirming 
the usefulness of the epoxy-embedded ends. The current 
protocol could be an alternative solution to the end-cap 
technique in all the cases where the height of the specimen is 
limited. 
 
Recently Lievers et al. 2010 [8] used also an end-constrained 
protocol on bovine cancellous bone, but with an extensometer 

placed directly on the bone sample. This can only be done on 
relatively dense specimens. The current technique can be 
applied whatever the specimen porosity.  
 
 
CONCLUSIONS 
The proposed protocol allows end-constraint of the specimens 
and repeatable measurements with a variability of 1.2%. This 
protocol showed variability similar to the end-cap technique 
(considered as a reference). It can be applied on porous 
specimen (especially human) and requires minimal bone 
length to avoid end-artifacts variability. The current method 
could be applied in association with non-invasive 
measurements (such as ultrasounds) with full compatibility.   
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Table 1: Mean Young’s Modulus, standard deviation and coefficient of variation (%) of each specimen. 
 
Specimen 18G 20G 47D 47G 61D 61G 63D 63G 84D 84G 122D 122G 
<Ej> (MPa) 82 155 88 80 231 184 215 368 344 194 345 333 
SDj (MPa) 0.9 0.9 3.2 0.7 2.8 3.5 4.0 1.2 0.8 0.9 5.2 3.5 
CVSDj (%) 1.1 0.6 3.6 0.9 1.2 1.9 1.8 0.3 0.2 0.5 1.5 1.0 
 


