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How the Decrease of Collagen or Mineral Affect the
Fracture in the Turkey Long Bones

P. Vosynek, T. Navrat, M. Pec¢, J. Potizka, P. Divi§

Abstract—Bone properties and response behavior after static or
dynamic activation (loading) are still interesting topics in many fields
of the science especially in the biomechanical problems such as bone
loss of astronauts in space, osteoporosis, bone remodeling after
fracture or remodeling after surgery (endoprosthesis and implants)
and in osteointegration. This contribution deals with the relation
between physiological, demineralized and deproteinized state of the
turkey long bone — tibia. Three methods for comparison were used: 1)
densitometry, 2) three point bending and 3) frequency analysis. The
main goal of this work was to describe the decrease of the protein
(collagen) or mineral of the bone with relation to the fracture in three
point bending. The comparison is linked to the problem of different
bone mechanical behavior in physiological and osteoporotic state.

Keywords—Bone properties, long bone, osteoporosis, response
behavior.

I. INTRODUCTION

HE bone is very complicated and hierarchical compound

of two phases, mineral (hydroxyapatite) and protein (type
I collagen) [1]. Our study is aimed on the experimental
investigation of the whole bone properties and behavior
compared to the previous work where input material
characteristics were deterministic [2]-[5], or stochastic with
just estimated normal distribution [6]. It was motivated by the
known phenomena related to densitometry and the disease
called osteoporosis [7]. The phenomena could be described as
opposite inclination to the fracture based on evaluation bone
mineral density (BMD). Subject may have low BMD
compared to the same gender of population (evaluated by z-
score) and did not ever suffer from bone fracture, or it may
have high BMD (z-score) and suffer from bone fracture many
times. One hypothesis describes this phenomenon as
dependence on the other phase which is collagen. With the
same amount of mineral (Fig. 1), totally different behavior is
obtained when we decrease or increase the amount of collagen
(brittle fracture or ductile fracture) [8]. Therefore there is need
to find the method which could evaluate also the amount of
collagen or the complex behavior (e.g. elasticity of bones).
The question is if such property exists and if it could be
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evaluated also in vivo. This paper present the relations
between the usual method for estimating the risk of fracture by
BMD (densitometry), by laboratory method for measuring
natural frequency [9] and finally by the three point bending

[1].
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Fig. 1 Different mechanism of increasing BMD [8]

II. MATERIALS AND METHOD

A. Experimental Equipment and Settings

Densitometry: Hologic QDR 4500 C densitometer were
used.

Three point bending: Universal testing machine ZWICK
with force measuring cell (up to 2.5 kN). Cylindrical supports
and loading part has rounded contact area (radius 5 mm).
Distance between supports is 120 mm. For the alignment of
the sample see Fig. 2. Experimental conditions were set
according to the experience of solving similar problems [10],

[11].

Fig. 2 Alignment of the specimen in three point bending
measurement
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Natural frequency analysis: Accelerometer 4370 B&K with
sensitivity 10.09 pC/ms? placed in the middle of bone
diaphysis, preamp 2647 A B&K with sensitivity 1 mV/pC,
analyzer 3560-B-140 B&K, impact hammer type 8206. For
analyzing the results we used PULSE Labshop software.
Samples were hanged during excitation on the flexible wire.

B. Samples

All 10 whole bones samples were firstly get rid of the soft
tissue. It was done carefully by the knife and the rest of tiny
parts by scalpel (no chemicals). This group is called
physiological.

Chemical treatment was done in the hydrochlorid acid (5.95
M of HCI) for demineralization and sodium hypochlorite
(0.835 M of NaClO) for deproteinization [12].

C.Methods

The experiment has following line up: 1) measure
properties and response values in physiological state except
three point bending. They are BMD, first natural frequency
with bending shape, diameters and length of bones. 2) Divide
the physiological group (PL) into demineralization group
(DM) with 5 samples and deproteinization group (DP) with 4
samples (one sample left for final fracture with no chemical
treatment). 3) Repeat the measurement from the first step. 4)
Immerse samples in chemicals for 1 hour (only diaphysis of
the bones were exposed to the chemicals, both epiphysis has
no chemical treatment). 5) Measure force/displacement
dependence up to the bone fracture.

All measurements were done under standard laboratory
environment.

From the three point bending measurement the maximum
(limit) stress were also obtained next to the maximum force
and displacement. Because the cross section is variable along
the length of bone we reduce the geometry of bone to the
elliptical tube. The geometry of the tube was calculated as a
mean value from the two dimension (in the middle of
diaphysis). Major axis and minor axis of ellipse were
measured on unfractured bones. Thickness was measured after
fracture in the middle of diaphysis.

III. RESULTS AND ANALYSIS

A. Osteoporosis

Demineralization caused the loss of the mineral. First point
was to evaluate the amount of the mineral decrease by the z-
score from the BMD values (determine if the specimens
undergo osteoporosis or only osteopenia). For the reference
group physiological specimens were used. They were
described by the normal distribution of BMD (the test of
normality at the significance level 5 % was rejected the
hypothesis that the data follow a normal distribution, p-value
0.349) with parameters: mean 0.375 g/cm’, standard deviation
0.019 g/cm? (Fig. 3). The mean value of the z-score for DM
group is 4.5 with the standard deviation 1.4. The mean value
of the z-score for DP group is 0.0 with the standard deviation
1.1. Osteoporosis starts in z-score of 2. The DM group has
therefore high level of osteoporosis.

In addition the hypothesis of significantly different mean
values between PL samples and DM samples were done and
statistically significant difference was found between groups
(see bold p-values in Tables I and II). Boxplot in Figs. 4 and 5
presents the graphical relations between mean values.
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Fig. 3 Normal distribution plot of PL group
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Fig. 4 Boxplot of BMD — PL, DM and DP group

TABLEI
BONE MINERAL DENSITY P-VALUES
p-values DM DP
PL 0.003 paired t-test 0.570 paired t-test
DM 0.004 t-test
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Fig. 5 Boxplot of NF — PL, DM and DP group
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TABLEII
NATURAL FREQUENCY P-VALUES
p-values DM DP
PL 0.001 paired t-test 0.012 paired t-test

DM 0.160 t-test

B. Bone Fracture

From the three point bending measurements we mainly look
for the maximum force and displacement at this point.
Because in one DP sample the test machine was wrong, the
value cannot be compared to the other (it leads to only three
samples in DP group for fracture testing). Thanks to these
consequences we decided to use only percentage mean value
compare, instead of statistical methods.
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Fig. 6 Force-displacement curves. Groups - line: DM - dashed, DP -
dotted, PL — full

Maximal forces for each group of specimens were
recalculated to the maximal bending stress. In Fig. 6 the full
lines represent PL group, the dashed lines represent the DM
group and the dotted line represent the DM specimen.

Mean maximal stress of DM group is 81 MPa with interval
of values 47 MPa to 105 MPa. Mean maximal stress of DP
group is 113 MPa with interval of values 106 MPa to
119 MPa. Physiological state is represented only by one value
of 111 MPa. Difference between mean values of these groups
is 28%.

Similarly to the stresses the displacements were evaluated.
Mean displacement in the point of maximal force (stress) is in
DM group 4.2 mm with interval of values 3.2 mm to 5.0 mm.
Mean displacement in DP group is 3.1 mm with interval of
values 2.6 mm to 3.5 mm. Difference between mean values of
these groups is 26%.

The last evaluated parameter was Young modulus. It was
estimated from the stresses and strains with the same tubular
elliptical approximation of the cross section. The mean value
of DM group is 3144 MPa with interval of values 1576 MPa
to 4260 MPa. Mean modulus of DP group is 8222 MPa with
interval of values 6997 MPa to 9820 MPa. PL group has only
one value 7044 MPa. Difference between DM and DP mean
values is 38 %.

The dependence of stress to strain is presented in Fig. 7
(two modulus are the same in DM group therefore only 4 lines
could be seen; also there are the same modulus in the groups

DP and PL). Notice the switched slope of the curves between
groups DM, PL in Figs. 6 and 7.
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Fig. 7 Stress-strain curves. Groups - line: DM - dashed, DP — doted,
PL — full

IV. DISCUSSION

Chemical treatment of samples by hydrochlorid acid is
causing higher degree of demineralization. It is seen from the
evaluation of the mean and standard deviation of ‘“normal
population” (PL group). The setup for this experiment, in
meaning of duration of chemical treatment and concentration
of hydrochlorid acid, is suitable for simulation the
osteoporotic state of bone.

In vitro there is a similar decrement of the bone mineral
density and of the natural frequency in demineralized samples.
The same behavior is observed in deproteinized samples.
Natural frequency has higher variance (Fig. 5) compared to
bone mineral density (Fig. 4).

The elasticity behavior cannot be evaluated from the force
to displacement dependence (Fig. 6). Young modulus, which
is the main characteristic for elasticity behavior, has to be
estimated by geometry simplification (elliptical tube). The
main interest is not in the precise measurement of the Young
modulus (and also maximal stresses and strains) but in
proportion of the values to each other in groups DM, DP and
PL.

From the mechanical behavior of composites it can be
clearly seen that the bone has similar global behavior as
composite (Fig. 8) [13]. Matrix is represented by collagen and
connective links, fibers are represented by minerals settled
along the collagen.
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Fig. 8 Schematic stress-strain curves for an aligned fiber-reinforced
composite; loaded in direction of fibers, [13]

In future we would like to increase the number of
specimens for appropriate statistical evaluation of the
measurement output. Next aim should be realization of the
vibration measurements in vivo to link the current results with
the in vitro measurements.
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