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Lyon, 12-16 Avril 2010

Children Bone Elastic Properties Characterization: An Ultrasonic Issue ?
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Bone is a composed structure including cortical bone, trabecular bone and bone marrow, but organization
of these composites changes during ageing ; indeed, differences can be shown from childhood to old age.
But these changes in childhood are not clearly shown. For example, certain studies compare bone density
(Bone Mineral Density : BMD) of children, like in Chron disease, but not the stiffness, strength or elastic
modulus. Some have chosen specific bone, close to cancellers cells or cadaver fragments. The aim of
this study was to determine the elastic properties of the children bone. We have used surgery waste
(bone transplantation) from long bone (fibula : essentially composed of cortical bone) of children without
metabolic or mineralization disturbances. A specific ultrasound frame able to process very small sample
(36 mm high, 11 mm tall, and 0.2 mm thickness) was used to evaluate velocity grading along bone axis.
They are moved with 0.1 mm accuracy in x and y axis. For Z axis, azimuth got 0.01̊ of accuracy (Fig
1). Nominal frequency can increase from 3 to 10 MHz. Our first results (two samples) show longitudinal
(vL) and transversal (vT) velocity of propagation (values in m.s-1) We used the same method as used
for isotropic transverse bovine bone frame. In the case of orthotropic we can right 12 elements of rigidity
matrix. Comparisons were made between juvenile specimens and mature specimens, and the first result is
that the wave velocities, and the associated elastic modulus, are then lower in children than adult around
30 percent less for 11 years old child.

1 Introduction

Bone is a composed structure including cortical
bone, trabecular bone and bone marrow. They are cate-
gorized in different groups (long bone as tibia, flat bone
as scapula, sesamöıd as patella) showing specific mineral
and tissue organization (as a composite). But organiza-
tion of these composites changes during ageing ; indeed,
differences can be shown from childhood to old age.

Ageing adversely affects the elastic and ultimate pro-
perties of human cortical bone, lot of studies show dif-
ferences between normal bone and osteoporotic adult
for stiffness. In ageing bone, there is modification in the
elastic properties of the material. But these changes in
childhood are not clearly shown.

In paediatric, the diagnosis of bone diseases, the esti-
mation of fracture risk and treatment decision are provi-
ded without specific knowledge of bone mechanical pro-
perties.

Most of the time, the bone mineralization density
distribution (BMDD) provides important information
about the effect of metabolic bone diseases and thera-
peutic interventions on the mineralization of the bone
material. It exists remarkably small inter-individual va-
riation in BMDD, suggesting that even small deviations
have biological relevance. Indeed, low matrix minerali-
zation was found in osteoporosis and mild primary hy-
perparathyroidism while a shift towards higher minera-
lization was found in osteogenesis imperfecta. .

The capacity of bone to resist to mechanical forces

and fractures depends not only on the quantity of bone
tissue but also on its quality ; indeed bone matrix is a
two-phase system in which the mineral phase provides
the stiffness and the collagen fibers provide the ductility
and ability to absorb energy (i.e., the toughness).

For example, certain studies compare bone den-
sity (Bone Mineral Density : BMD) of children, like in
Chron disease, but not the stiffness, strength or elastic
modulus[1, 2]. During childhood there is a specific pro-
cess from cartilage to bone with difference for each bone
group. Few studies consider mechanical characteristic of
this process[3, 4]. Some have chosen specific bone, close
to cancellers cells, or cadaver fragments[5, 6].

Consequently, there is a lack of reference which led us
to analyse children bone’s in histomorphometry, BMDD
(Bone Mineral Density Distribution) and macroscopic
mechanical properties by ultrasonic method and three
points bending system. The aim of this study is to give
an average value of mechanical properties of cortical
part of children bone, using histomorphometric BMDD
data ; macroscopic values and correlation with clinical
informations (weight, height, age...) In our study, we
have used surgery waste (bone transplantation). These
samples come from long bone (fibula) and are essen-
tially composed of cortical bone. In order to find young
modulus and certain parts of stiffness matrix, we have
made a pre study to evaluate our protocole and the im-
pact of water bench on collagen fibers before comparing
ultrasonic data to three points bending evaluation.



2 Method

2.1 Population

The study population comprised Caucasian subjects
aged from 7 to 13 years (female, male) who got surgery
using bone transplant for various orthopedic conditions,
such as lower limb deformities, scoliosis, clubfeet and
other problems that require corrective surgery. We have
kept bone wastes and rank it in differents age, sex and
kind of bone group . Litterature show difference in dif-
ferent group and in different conditions [7, 4, 8, 9, 10]
resumed in FIG 1. All subjects were ambulatory, had
normal renal function and had no evidence of any meta-
bolic bone disease. None was immobilized prior to sur-
gery or received medications known to affect bone me-
tabolism. This cohort is part of paediatric population
from the Timone hospital of Marseille.

Figure 1 – population criterion

Figure 2 – fibula samples

2.2 Ultrasonic method

The physical principle of the technique is based on
velocity mesurement from the surface of a sectioned
bone area, it induces some values wich can provide some
part of the matrix rigidity. Ultrasound technics is em-
ployed to determine speed of sound (transverse and lon-
gitudinal velocity) through bone samples, it necessits
specific ultrasound scanner.

The signal receipt from the first to the second trans-
ducer were converted into values of the acoustic impe-
dance using a time-of-flight (TOF) based defocus correc-

tion and impedance calibration. The pulse signal is mea-
sured as a function of the transducer-sample-transducer
distance which led us to determine the value of sam-
ple’s thickness. For each transducer-sample transducer-
distance, the TOF and the corresponding normalized
intensity were determined.

We have developed a specific ultrasound frame
(Fig.3), which is able to process very small sample.

Fresh fibula bone samples were prepared using a low
speed diamond saw (Isomet 1000, Buehler ; Lake Bluff,
IL, USA) in order to obtain plane and parallel surfaces.

The samples prepared for ultrasonic measurements
were completely immersed in a temperature-controlled
tank filled with distilled, degassed water at 25̊ C. Af-
ter size fitting, fibula was separated in three part, three
bone samples trending to look like parallelepiped were
suspended to a mechanical stage and placed at the cen-
ter of the measuring system. The sections were frozen
less than 5 times before experimentation to preserve
their mechanical properties.

They are moved with 0.1 mm accuracy in x and y
axis. For Z axis, azimuth got 0.01̊ of accuracy. Nominal
frequency can increase from 3 to 10 MHz.

We have evaluated bone velocity using the diffe-
rence of sound path duration and Snell Descartes law
(1)(2)(3), which led us to an expression of the bone velo-
city. First, we record the longitudinal velocity and after
rotation we can record the transversal velocity. A, B, B’
geometrical dot shown on Fig 2. i : incidence angle and
r : refraction angle.

First step was to evaluate our bench with known
material and with adult cortical bone. Close to the refe-
rence values, these results allow us to evaluate children
cortical bone.

Figure 3 – watertank

Figure 4 – sample position
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2.3 Protocol evaluation

Due to the small size of the sample, we are bound
to optimize bone’s sample. In first, we have to evaluate
the impact of water immersion on collagen fibers. That’s
why, a biochemical analysis of collagen cross links before
and after ultrasound test indicate us if we can use ul-
trasound method as a safe test. Two grammes bones’
samples, five animals(ewe, chiken, rabbit, calf) and two
humans (children long bone and old female vertebrae),
were analysed. If there is no impact of us we can use
directly us evaluation, if not we should cut 2 grammes
before water immersion.

Figure 5 – results 1

Figure 6 – results 2

3 Results

Our first results (two faces of two fibula samples)
show longitudinal (CL) and transversal (CT) velocity of

Figure 7 – results values

propagation (Figure 5,6 and 7). We used the same me-
thod as used for isotropic transverse bovine bone frame
[11]. The first results show around 2500 m.s-1 for first
face and around 3000 m.s-1 for the second. The third
face was not adapted for ultrasonic method due to a
non parallelipedic form. Results are equal for the first
bne (eleven years old girl) and the second (twelve years
old boy). The poisson’s ration is around 0.3 in each
case.Biochemical evaluation is in progress, no value are
available right now.

4 Discussion

The aim of this study was to determine the elastic
properties of the children bone. For this purpose, an ul-
trasonic method, using a mechanical scanner with which
linear and sectorial scanning can be carried out, was
implemented to determine acoustical parameters such
as the wave velocities and poisson’s ratio. These results
show different spatial distribution of elastic characteris-
tics per bone side, like it was observed in adult long
bone using classical mechanical tests [12] and by ultra-
sonic technique [13]. This study is the first step of a more
general work. Comparisons were made between juvenile
specimens and mature specimens, and the first result is
that the wave velocities, and the associated elastic mo-
dulus, are then lower in children than adult. In order to
find young modulus and certain parts of stiffness matrix,
we have made an ultrasonic evaluation of bone celerity
as a first step ; but aqueous atmosphere used for the in
vitro ultrasonic method of characterization can be the
purpose of some differences in compare to mechanical
test. To reach our goal, the first step will be to deli-
neate acoustic parameters (velocity and attenuation) of
children bone and try to describe its anisotropy. The se-
cond step will be to correlate our ultrasonic result with
mechanical results and we could balance these results
with data from histological processing. In order to vali-
date our protocole of investigation, the impact of water
immersion on collagen is in progress.
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