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1. Introduction

This chapter is organized in the following manner. Modelling of an orbital cavity using
finite element method is presented in section 2. Finite element method (FEM) is one of the
basic tools used for mechanical investigations of a skull, a pelvic bone, eye-socket and in
reconstruction of a bony face deformed by congenital defects or injuries. For example, it was
applied for modelling of a skull with gnathothisis (Boryor et al., 2008), for investigation of
infant head injuries caused by impact (Roth et al, 2009) and for examination of facial skull
dystosis of a child (Gautam et al, 2007). FEM served also for an radiological and
mathematical analysis of facial deformation provoked by curved central axis of the skull
(lannetti et al., 2004). Furthermore, the method was utilized for modelling of orbit
deformation being result of bunt injury (Al-Sukhun et al, 2006) and also for investigation of
biomechanical properties of the orbit (Sander et al, 2006).

The aim of the study is to develop the numerical model of a bottom arch of an orbital cavity
using a FEM. Based on the data obtained from computer tomography, the model of a
healthy orbit was proposed. The results obtained from numerical analysis may serve as a
basis for further investigations concerning stresses and deformations in orbital implants,
including a direct implant application. Due to its geometrical complexity the whole skull
(and especially its facial part) modelling presents a substancial engineering problem. To
resolve it one subject the area of interest (the surface or the space) to a segmentation by
means of finite number of elements averaging the physical state of the body. To generate the
maps of stresses, deformations and displacements prior to calculations, it is indispensable to
prepare the geometrical and material data of the model.

The main subject of section 3 is to present a model of a double layered pelvic bone and some
phenomena during leg flexion, extension, adduction and abduction, using finite element
method (FEM). In the musculoskeletal system, the pelvis is one of the most important bones.
It is a support of whole body, transfer external and gravitational loads across sarco-illiac and
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336 Numerical Analysis — Theory and Application

hip joints (Mrozowski & Awrejcewicz, 2004). According to reference (Wall, 2002), for the
population over 65 years, more than 50% of all chronic diseases are joint diseases, most often
spine and hip joint. Fracture rate is significantly higher for women over 65 years with
ostheoporosis - even 4.6% (Cranney et al, 2007). A properly build model of this bone should
bring satisfactory results, minimizing or just eliminating a difficulty of possible harmful
medical activities on the examined subject. According to (Mazurkiewicz & Topolifiski, 2009),
the best method for today is BMD (Bone Mineral Density), painless and noninvasive, however
it does not descript the shape of the bones. To make a FEM calculations, a model of a pelvic
bone was introduced on the basis of high quality computer tomography (CT) images of an
anonymous person pelvic bone. The authors propose some simplification of the model. The
aim of the paper was to present the algorithm. To speed up the calculations, it was decided to
use simple materials properties. Bone was modeled as homogenous, isotropic, elastic material.
However, it is well known that bones have non-homogenous, anisotropic properties. To make
model more accurate, this should be taken into account. Model of pelvis took into account a
dual structure of the bone, consisting of cortical (compact) - outside part and trabecular
(spongy) - inside part bone tissues. Stress in a bone comes from the body weight and from the
attached muscles generating loads during movements of lower limb. Numerical computation
results are presented in form of the stress and strain maps.

Section 4 deals with oscillations of coupled DNA bases. It is well known now, that the
structure of the DNA molecule is not static but dynamic and that in vivo the double helix
contains small amounts of open states in which bases are unpaired. We study nonlinear
oscillations of the DNA base pairs (adenine - thymine and guanine-cytosine) which made
substantial contribution to the process of opening DNA base pairs. We model the bases by
pendulums and reduce the biophysical problem to the mechanical problem of nonlinear
oscillations of base pairs consisting of two coupled unequal pendulums, oscillating in the
horizontal planes. We analyze the dynamical behavior of the model system, investigate its
stability and construct the diagram of bifurcations. Oscillations of complementary DNA bases
forming the base pairs, in which Adenine (A) forms two hydrogen bonds with Thymine (T)
and Guanine (G) forms three hydrogen bonds with Cytosine (C), are of special interest,
because they made substantial contribution to the process of opening DNA base pairs that, in
turn, is considered as one of important elements of the process of the DNA-protein
recognition. To study these oscillations, different approaches including molecular dynamics
methods (Norberg & Nilsson, 2002; Cheatham, 2004), quantum mechanics methods (Sponer,
1996), and empirical methods (Peyrard & Bishop, 1989; Yakushevich et al, 2002; Kovaleva et al,
2006) are used. In this work, we apply the approach that have been recently used to study
oscillations of a single DNA bases (Yakushevich et al, 2007). The approach is based on the
ideas of Englander and co-authors (Englander et al, 1980), who noticed an analogy between
rotational oscillations of bases and rotational oscillations of pendulums.

2. Modelling of an orbital cavity using finite element method

A starting point for this part of investigations is to obtain a reliable geometry of the
examined object, as close as possible to the real one. Nowadays, the most popular and
effective way to perform it is the use of computer tomography (CT) scanning.

In the presented analysis a CT scan of an orbital cavity in the form of a DICOM (Digital
Imaging and Communications in Medicine) file was utilized (Fig. 1).
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Fig. 1. CT scan of an orbital cavity

Fig. 2. Computer model of an eye-socket

Based on this file, a CAD eye-socket model was created by using a Solid Edge program (Fig.
2). The last step in preparation for calculations was the conversion of the CAD file to the
format accepted by Ansys Workbench program.
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Fig. 3. Meshed orbital bone with applied force
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338 Numerical Analysis — Theory and Application

Next, the grid of finite elements for the model subjected to numerical analysis has been
generated. Covering the model’s area by finite element network is based on the relationship
between stress and strain (Hooke’s law):

o=Deg, 1)

where o0 and & denote stress and strain tensors, respectively, and D is the rigidity matrix
(Rakowski & Kacprzyk, 2005).

Cortical bone material properties used in numerical calculation process was adopted from
reference (Furusu et al., 2001), see Table 1. Loading, in the form of a concentrated force, was
applied to the external part of a lower arch of zygomatic bone, in the place being statistically
the most exposed to impact or pressure (Fig. 3).

Author Cortical bone Trabecular bone
E [MPa] P [kg/m3] \% E [MPa] P [kg/m?3] \%
Al-Bsharat [8] 12,200 2,120 0,22 1,300 990 0,22
Willinger [9] 15,000 1,800 0,21 4,500 1,500 0,01
Furusu [10] 11,500 2,000 0,3 40 862 0,45

Table 1. Material properties for cortical and trabecular bone.

For the numerical model of orbital bone the fixation scheme equivalent to the real eye-socket
support was assumed (see Figures 4a and 4b).

Fig. 4. Orbital bone fixation (two projections)

|- — —— —

Fig. 5. Body sizing on whole right orbit
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The same procedure as in the case of lower orbital arch was applied to the whole orbital
cavity. A CAD model prepared in a Solid Edge program was exported to Ansys Workbench
program in which geometry of the whole eye-socket was generated (Fig. 5).

Then, according to the aforementioned procedure, the whole model of eye-socket has been
meshed using tetrahedron elements (Fig. 6).

[ oy J o ortovienet ) Foiets Poontes 5, Borput Pivesems |

Fig. 6. Orbital cavity meshed by tetrahedron elements

As this was the case for a lower arch bottom, a force located in a lower arch of a zygomatic
bone has been applied to the model. The force value as well as the bone material properties
(Young modulus and Poisson ratio) was the same as in previous case.

2.1 Results

The results of numerical analysis were presented in the form of the map of stresses reduced
according to the Huber-von Mises hypothesis, based on the strain energy of distortion. In
conformity with this hypothesis the reduced stress can be calculated as follows:

_[2, 2, 2
Cred = \/O'x +o,+0; -0,0,-0,0,-0,0,+ 3(rxy +7,, + Ty) s (2)

where oy,0,,0, are the normal stresses and Ty r Ty

7,.,7,, are the shear stresses.
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Fig. 7. Equivalent stress distribution in orbital bone
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340 Numerical Analysis — Theory and Application

For the assumed boundary conditions and the place of force application the distribution of
reduced stresses for a lower orbital arch was obtained (Fig. 7). It is readily to notice that the
highest stress occur in its paranasal part. In case of an impact this is a potential region of
bone fracture due to exceeding of allowable stress values.

The results of the analysis of the whole orbital cavity display a slightly different map of
reduced stresses (Fig. 8). The stress concentration occurred here, in the external part of eye-
socket. This is a confirmation of characteristics of real isolated fractures of orbital bottom.

Fig. 8. Equivalent stress in orbital cavity

The last stage of a whole orbital cavity investigation was to calculate the total deformation.
It may be concluded that the greatest deformations occur in the middle part of zygomatic
bone (Fig. 9).

Ll ko S T <
- - 2
5

Fig. 9. Total deformation in orbital cavity

The results were obtained for material data presented in works (Al-Bsharat, et al., 1999) and
(Willinger, 1999).
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3. FEM pelvic bone modelling

The very first step was to prepare a model of a bone. For this purpose a wireframe model
was created by using AutoCad. A set of 54 CT scan slices of heavy woman (100 kg, 50 years
old), made with 5mm intervals along Z axis were used (see an example in Figure 10).
Measuring of the bone layers thickness was made on the basis of CT scans and then
compared with literature. Then, consequently slice images were imported to corresponding
layers and one after another, closed boundary contours in XY plane, were sketched with
straight lines. After that, all lines of adjacent contours were connected with straight lines in
order to create triangles. The resultant wireframe was exported to ANSYS and meshed
using triangular shell elements for cortical tissue (4 node triangular version of Shell 63
element type with real constant of 3mm for thickness and default element size of 5mm) and
tetrahedral shape solid elements for trabecular tissue (10 node Solid 92 element type in
tetrahedral shape, default element size was 5mm). In the end it gave 156738 of elements and
181980 nodes.

Because of strain concentration in acetabulum, it was decided to make there more precisely
mesh, which gives 39286 surface elements and 194154 volume elements. Material properties
of cortical bone and trabelacural bone were taken from (Kutz, 2003) and amounts: Young's
modulus of 20000 MPa and Poisson’s ratio of 0.3 for compact bone, and Young’s modulus of
200 MPa and Poisson’s ratio of 0.4 for spongy bone part. The thickness of the bone layers
was taken from manual measurements compared with (Dalstra & Huiskes, 1995) and
amounts 3 mm for the compact bone - the rest is the spongy one. The stress-strain state of
the real pelvic bone is an effect of loads coming from the muscles attached to the bone
through tendons and the weight of the upper part of the body. According to that, following
boundary conditions were used (see Table 2 (forces) and Table 3 (movements restrictions)).

Component forces [N] No. of nodes
Muscle .
Fx Fy Fz applied on
RF - rectus femoris 15,2 0 834.8 110
S — Sartorius -25.4 27 143.3 35
IP - iliacus 13.2 754.5 1681 1626
GRA — gracilis 35.6 -17.1 160.1 22
GMXx - gluteus maximus 1050.7 490.2 2031.4 197
ST - semitendinosus -11.9 5.9 225.6 25
SM - semimembranosus 239.2 35.3 1337.3 142
BCL - biceps femoris 131.2 0 733.4 72
ADM - adductor magnus 679.7 -117.8 1631.1 91
ADL - adductor longus 269.8 -257.2 461.2 30
ADB - adductor brevis 291 -273.7 211.4 24
PC — pectineus 107.6 -125.2 89.9 62
GMD - glutaeus medius -97 -217.7 1198.8 741
GMU - glutaeus minimus 78.9 -67.8 684.4 1052
TFL - tensor fasciae-latae -7.5 -23.8 284.9 43

Table 2. Muscle forces, forces direction and number of chosen nodes (based on (Wall, 2002;
Cranney, 2007))
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It should be noted that the used values were based on maximum forces determined by
multiplication of crossectional area of each muscle in its physiological state and a value of
maximum stress which can be induced in the muscle 0max=0.5MPa.

In the assumed model we applied the following schemes of supports and movements
restrictions (see Table 3):

Location Restraint movements
Connnection with sacrum bone X, Y, rotation in X, Y and Z axis
Acetabulum XY, Z
Pubic psymphysis X, Y, rotation in X and Z axis

4 X

'\\/z

Values of forces acting on the pelvic bone were taken from literature. Static forces values
make calculations faster. During flexion following muscles take a part: rectus femoris,
sartorius, iliacus, gracilis, pectineus, during extension: gluteus maximus, semitendinous,
semimembranous, biceps femorisgluteus medius, during adduction: semitendinous,
semimebranous, adductor magnus, adductor longus, adductor brevis, during abduction:
tensor fasciale lateae, gluteus medius sartorius. An assumption was made that all the
movements are made while standing on one leg only. From (Phillips, 2007) and (Huston,
2007) mass percentage of lower limb was estimated, equal to 19%. The resultant weight of
800 N coming from the upper body and single lower limb, was directed downwards along
the Z axis and applied on nodes related with area of connection between pelvic and sacrum
bones. For every motion a separate model was prepared with its boundary conditions. An
example for flexion and extension can be seen in Figure 10.

Table 3. Movements restriction

Ii
L

Fig. 10. Muscle forces configuration for flexion

3.1 Results and discussion
For all four load variants related to basic motions of flexion, extension, adduction and
abduction the results were analyzed by plotting the three principal stresses, the Huber von
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Mises equivalent stress, total displacement and the Huber von Mises equivalent strain. Plot
in Figure 11 shows the Huber von Mises equivalent strain for flexion. The biggest value is
placed in the middle part of acetabulum and amounts about 0.005.

. DOESES O DX
L OOLRE T R B -0

Fig. 11. Huber von Mises eq. strain for flexion and cross-sectional view

From 1st principal stresses it can be observed that the biggest tensile stresses occur during
extension at acetabulum and are equal to 32.6 MPa (Fig. 12). Greatest compressive stress of -
31 MPa comes from the 3rd principal stress and is found also for extension on the surface of

acetabulum (Fig. 13).

[ S — ]

-5.087 I 11421 19,659 27.358

Fig. 12. 1st principal stress for extension

Fig. 13. 3rd principal stress for extension
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The highest value of the Huber von Mises equivalent stress, as it was easy to expect, is also
characteristic for acetabulum surface during extension movement and is equal to 28.6 MPa
(Fig. 14). Here it can be seen from the crossectional view that the highest stresses are placed
at the external parts of the cortical layer, where stresses for trabecular layer are much lower.
Similar effect can be observed in models of other authors, even for full solid models (see
(John, 2004) to compare).

| — | _—— T— e
. 003LES £.249 12, 435 18,742 24,588 . 003NEE 6. 245 12. 49% 18.742 24908
1128 9.372 15,619 21,065 28,587 3.126 9.372 15. 619 21, 065 20

Fig. 14. Huber von Mises eq. stress for extension and cross-sectional view

Regarding the total displacements the biggest and equal to 0.28 mm are observed for
extension (Fig. 15), located at ischial tuberosity and for abduction equal to 0.23 mm at front
part of iliac crest (Fig. 19).

For all of the presented motion variants the greatest Huber von Mises strains occur in
acetabulum. Similar conclusions can be found in the works (Kutz, 2003) and (Phillips, 2007).
The highest strain is found for extension and amounts to 0.009 (Fig. 16) compared to
adduction 0.006 (Fig. 17) and abduction 0.004 (Fig. 20).

1 L1B1881 242242 e ;
L1 T 151401 211962 .2TEA4E -03oze L O50R41 151401 211962 ETGa4E

Fig. 15. Total displacement for extension and cross-sectional view

Analysing the stress distribution for rest of the movements the maximum principal and
equivalent stresses occur on acetabulum, except adduction for which greatest stresses are
placed on the inside surface of superior ramus of ischium, where equivalent stress is equal
to 14.8 MPa (Fig. 18).
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Fig. 16. Huber von Mises eq. strain for extension and cross-sectional view

SASER=-0 JO014ES .O0291y L0484 Nkl « 55 5 s rh SO0 R 005844
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Fig. 17. Huber Von Mises eq. strain for adduction and cross-sectional view
|- - B -_— 0 — —
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Fig. 18. Huber Von Mises eq. stress for abduction and cross-sectional view
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The smallest values of displacements are found on constraint surface of acetabulum for all
motion variants.

The above observations prove that the acetabulum of pelvic bone is a main subject of
pathology of the whole pelvis girdle. As a place of biggest stresses and strains concentration,
acetabulum is exposed to a high risk of degeneration.

Earlier works on modeling pelvic bone, as an example (Dalstra & Huiskes, 1995) had not
enough accurately mesh (inter alia, because of the possibility of computing) or models of the
pelvic bone were simplified, for example authors were used only surface model (only
trabercular bone), without the spongy one (Phillips, 2007; John, 2004). That is the reason
why there is still a place for improvement of model and loads (Phillips, 2007) or models.
This simulation was made for static situation - one leg standing. It is well known that the
hip joint during normal walking is around 300% body weight (Bergmann et al, 2001) (we use
100% of body weight - mass of the leg + muscle forces). FEM method can give consistent
results with medical observation even for more complicated situation as for example
sideways fall (Majumder et al, 2007).

4. Modelling of DNA bases

The analogy permits to reduce the problem of oscillations of complementary DNA bases
forming the base pairs (AT or GC) to the mechanical problem of oscillations of two non-
identical coupled pendulums shown schematically in Fig. 21. In reference (Yakushevich et
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al, 2009), linearized (particular) version of the problem has been investigated. Here we
consider the nonlinear (general) version.

Fig. 21. Two coupled non-identical pendulums oscillating in the horizontal (xy) plane.

The function of Lagrange of the model imitating oscillations of two non-identical coupled
pendulums shown in Fig. 21 has the form

I dg > 1, dd, 1 .
L=T-V =20y + 227 “Kyp(l-a'), ®)

where @1 and @, are the angles of inclination of the 1-st and 2-nd pendulums; I; and I, are the
moments of inertia of the 1-st and 2-nd pendulums; K12 and [ are the rigidity and the length
of the spring connecting the pendulums; a* is the length of the spring in its relax state being
less than the distance a between masses of pendulums in the equilibrium state (¢ = @2 = 0).
Therefore, [ > a > a*. After taking into account approximation a* << [, damping and general
external force, the corresponding equations of Lagrange take the form

I, —5 d2¢1 1 —K,[Aysing, — Bsin(¢, + ¢,)] = d¢1 +F, 4)
dr? 2 dt
2

L <%+ Kl Aysing,  Bsin(h + )] =—p 22 + ®)

where A, =2r(r +1, +a),A, =21,(ry +1, +a),B=2nr,, and r,r, are the lengths of the first
and of the second pendulums, respectively; § is the coefficient of dissipation, and F is an
external generalized force. For simplicity only the case when F = const is considered.

4.1 Solutions of model equations and trajectories in the configuration space

Assuming that t=Ar, A= % we have transformed equations (4)-(5) to non-
12
dimensional system:
&I A dg,
+— +¢,)=-b + ko, 6
b+ Lhsing, —singy + ) = by T+ ko ©)
d’4, A d
d:? B 21y sing, — Iy sin(gy + ) = ~by L1 d¢2 +korl1 7)
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2 2F I
LKoB T KpE 2T
1812 12 2
We solved numerically equations (6)-(7) with the help of the MAPLE. To construct
corresponding graphs, we used the values of the coefficients I, §, F, K2 and parameters A;, A,,

B, a that are presented in Tables 4 - 5. Estimated values of parameters by, koz, I12 are in Table 6.

Where b01 = ﬂ

I
Base [m2kg] x10-44

A 7.60703

T 4.86228

G 8.21744

C 4.10693

Table 4. Coefficient I (Yakushevich et al, 2005)
. Ay A, B a Yij F Kip
PPN | 1102 me | [1020me] | (1020 07] | (1010 m] | [1034)s] | [1022]] | [109N/ m]

AT 208,8 172,8 55,68 74 4.25 3.12 2,51
GC 205,2 169,2 53,58 7,6 4.25 3.12 3,80

Table 5. Parameters Aj, Ao, B and coefficients S, F and Ki» (Yakushevich et al, 2005, 2009)

Base pair | by Ko1 l1p
AT 0,0583 | 0,4465 | 1,5645
GC 0,0465 | 0,3065 | 2,0008

Table 6. Parameters bo1, ko1, 112

Graphs of the solutions of equations (6)-(7) obtained for AT and for GC base pairs and for
three cases: (a) ideal case when effects of dissipation and external fields are neglected; (b)
non-ideal case when effects of dissipation are taken into account but effects of external fields
are neglected; (c) non-ideal case when both effects of dissipation and effects of external
fields are taken into account, are presented in Fig. 22. The trajectories of the considered
dynamical system are presented in Fig. 23.

When constructing the graphs of the solutions and trajectories, we used initial conditions:

#¢,(0)=0.3753, ¢,(0)=0.2347, %(0) =0.1, %(0) =0.1
dr dr

which are closed to the point (0.2753, 0.3347, 0.0, 0.0) in the phase space, and we shall show
in the next section that this point is stable in the case of AT base pair.

Summarizing the results presented in Fig. 22-23, we can state that effects of dissipation lead
to decreasing the amplitudes of base oscillations. Effects of external field lead to
displacement of the equilibrium positions, displacement in the case of GC base being less
than displacement in the case of AT base pair. So, we can state that polynucleotide chains
saturated by AT base pairs are more sensitive to the action of external field than the chains
saturated by GC base pairs.
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Fig. 22. Solutions of equations (4) - (5) obtained for AT and GC oscillating base pairs and for
three different cases: (a) =0, F=0; (b) f#0, F=0; (c) =0, F=0.
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Fig. 23. Trajectories in the configuration space {¢1; ¢2} calculated for AT and GC oscillating
base pairs and for three different cases: (a) #=0, F=0; (b) ##0, F=0; (c) f#0, F=0.
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4.2 Analysis of stability and diagram of bifurcation

To analyze the stability of the system (6)-(7), we firstly transformed the system of two
differential equations of the second order (6)-(7) to the system of four differential equations
of the first order

¢1=71,

¢2 =72/

. A, . ) _
71 :—ﬁsm@ +sin(@ + @) — by 1 +kors (8-11)

| A ) )
V2= —?2112 sing, + I, sin(¢y + @,) — by 11575 + ki 115

We have noticed that (6)-(9) is invariant under the transformation ¢ — ¢ +27. As a result,
every solution | ¢ |> 7 we can identify with solution ¢ = ¢ (mod27).

The equilibriums of (6)-(9) are given by (¢;,#,,,0.0,0.0), where ¢, and ¢,, are solutions of
the following algebraic equations

—ﬁsin(ﬁ1 +sin(¢, +¢,) +ky; =0,
B (12)

Ilz(—%sinqﬁ2 +sin(¢; +¢@,) +ky;) =0.

Since system of equations (12) is nonlinear, we cannot find solution analytically but we can
do it numerically. We found that for each base pair there are four equilibrium points. Only
one of them being stable, as all eigenvalues of the Jacobian of the right side of (8) - (11) have
negative real parts. It is P4a1 = (0.2753, 0.3347, 0.0, 0.0) point in the case of AT base pair and
Pigc = (0.1658, 0.1658, 0.0, 0.0) point in the case of GC base pair.

Below we present the diagrams of bifurcation of the analyzed system. In general, diagrams
of that type show possible equilibrium points or periodic orbits of a system as a function of
one of the parameters of the system. For every value of that parameter we can choose many
initial conditions and find the trajectories. If trajectory is attracted to the stable equilibrium,
we obtain only one point in the diagram, if trajectory is approaching to periodic (or quasi-
periodic) orbit we obtain two (or more) points in the diagram. If each trajectory is attracted
by different point, we obtain a lot of points in the diagram which mean a chaotic behavior of
the system. Bifurcation occurs when the change of the value of parameter causes the
changes in the behavior of the analyzed system.

In Fig. 24 (a) - (b) we present the bifurcation diagrams as a function of ko parameter,
describing the external force. Because we assumed that the external force is constant, the
increase of value of ko; parameter does not change the dynamical properties of the system
(in both, AT and GC, cases) and we do not observe the bifurcation. It is worth to notice, that
bigger value of ko1 corresponds to the bigger displacement of the bases from the (0.0,0.0)
equilibrium position

In Fig. 24 (c) - (d) we present the bifurcation diagrams as a function of by parameter,
describing the parameter of dissipation. For very small values of by; it seems that there exists
some periodic or quasi-periodic trajectory (see Fig. 25.).
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In fact, trajectories are very slowly approaching to the stable point, and in the bifurcation
diagrams we observe transient state of the system for small values of by; parameter. For
bigger values of by; parameter we observe one solution for each value of the parameter. It
means that trajectories more rapidly approach to the stable point. In Fig. 24 (c)-(d) we can
notice also, that for each base pair there is a different equilibrium point, which is in

agreement with our calculations.
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Fig. 25. Trajectories in the phase space {¢; y} calculated for A, T, G and C bases and for the
case f=0.05and F # 0.

5. Conclusions

One of the most dangerous consequences of the road accidents is the facial skull injury.
Especially, the eye-socket damage can cause the serious vision problems and brain
dysfunctions. Hence we have presented the results of stress and strain analysis of an orbital
cavity. Thanks to the numerical analysis in Ansys Workbench the concentration of the
reduced stresses in eye-socket had been confirmed. In case of isolated fractures of an orbital
bottom, the lower edge of an orbital cavity due to its elasticity does not break but only bends
transmitting the force to a brittle bottom of an orbital which is prone to fracture
(Smolarczyk-Wanyura, 2005). Further work is required in case of numerical model
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optimization but also in the fact that simulation must include various loading cases. The
study may provide an assistance for surgeons performing bony face operations.

In the case of a pelvic bone our results show, that most of the highest stresses and strains
occurred in acetabulum. The comparison with medical data cases (Schmalzried et al, 2004),
indicates that degeneration and wear of acetabular regions is the main case of pathology in
the area of pelvic girdle. It is also consistent with the results presented in (Bedzinski, 1997).
Results are comparable also with papers (Dalstra & Huiskes, 1995) and (Phillips, 2007), i.e.
the same magnitude of results is reached. This method can be used for examination of
human pelvic bone and can help, after some additional measurements regarding the bone
density estimation, to predict when the failure (and if) could happen. It is also possible to
test prototypes of pelvic bone implants.The presented method of creating a 3D model from
images produced with Computer Tomography, although based on many simplifications,
can be used for many other analyses, where the examined subject has an irregular shape.
The presented model is not an ideal one. Each pelvic bone is different. The shape of it
depends on sex and age. The presented algorithm serves as a proposal of a method of pelvic
bone modeling. In future, if enough cases will be modeled, it will be possible to found a
database of ready to use models. Minor changes will be needed for a data fitting. There is
still a lot of space for model improvements like building a much more detailed 3D geometry
model, creation of much finer mesh, considering anisotropic properties for material or
modeling phenomena during walking, running, jumping (like in (Schmalzried et al, 2004))
or even skiing, when because of higher forces value, hip fracture is more likely. Creation of
more accurate model and denser mesh will be possible, provided that more CT scans are
available - depending on computational resources.This will allow to avoid mistakes such
that bone contacts only in the fascia lunata and do not in the center where the ligamentum
capitis femoris placed. Due to technical limitations adopted element are of size 5mm and
constant thickness amounts 3mm. Authors of paper (John & Wysota, 2010) propose a
method based on CT images analysis of tissue density and determination of Young
modulus. They took into account the dual structure of the bones.

In section 4 we have studied rotational nonlinear oscillations of two coupled DNA bases
that form a base pair: adenine-thymine (AT) or guanine-cytosine (GC). We have presented
the graphs of solutions and trajectories in configuration space. We have also found stable
equilibrium points for each base pair and constructed diagrams of bifurcations. This work
part can be considered as a base for more complicated model of DNA, including not only
one base pair, but a fragment of DNA consisting of three base pairs.

6. References

Al-Bsharat, A., Zhou, C., Yang, K.H., Khalil, T., King, A.L. (1999). Intercranial Pressure in the
Human Head Due to Frontal Impact Based on a Finite Element Model. Detroit, Michigan,
Wayne State University.

Bedzinski, R. (1997). Biomechanical Engineering, Oficyna Wydawnicza Politechniki
Wroctawskiej, Wroctaw, in Polish.

Bergmann, G., Deuretzbacher, G, Heller, M., Greichen, F., Rohlmann, A., Strauss, J. et al.,
(2001). Hip forces and gait patterns from routine activities, J. Biomech., 34, 859-871.

Boryor, A., Geiger, M., Homann, A., Wunderlich, A., Sander, Ch., Sander, F.M., Sander, F.G.
(2008). Stress distribution and displacement analysis during an intermaxillary

www.intechopen.com



Modeling and Simulation of Biomechanical Systems -
An Orbital Cavity, a Pelvic Bone and Coupled DNA Bases 355

disjunction-A three-dimensional FEM study of a human skull. Journal of
Biomechanics 41, 376-382.

Cheatham, T.E III (2004). Simulation and modeling of nucleic acid structure, dynamics and
interactions, Curr. Opin. Struct. Biol., 14, 360-367.

Cranney, A., Jamal, S.A., Tsang, J.F., Josse, R.G., Leslie, W.D. (2007). Low bone mineral
density and fracture burden in postmenopausal women, CMA]: Canadian Medical
Association journal, 177(6), 575-80.

Dalstra, M., Huiskes, H.W.]. (1995). Load transfer across the pelvic bone, J. Biomech., 28(6):
715-724.

Englander, S.W., Kallenbach, N.R., Heeger, A.]J., Krumhansl, J.A., Litwin A. (1980). Nature of
the open state in long polynucleotide double helices: possibility of soliton
excitations, Proc. Natl. Acad. Sci., 77, 7222-7226.

Furusu, K. et al. (2001). Fundamental Study of Side Impact Analysis using the Finite Element
Model of the Human Thorax. Japan Society of Automobile Engineers Review, 22,
Elsevier Science BV 195-199.

Gautam, P., Valianthan, A., Adhikari, R. (2007). Stress and displacement patterns in the
craniofacial skeleton with rapid maxillary expansion: A finite element method
study. Americvan Journal of Orthodontics and Dentofacial Orthopedics.

Huston, R.L., (2009). Principles of Biomechanics, Taylor & Francis Group.

lannetti, G., Fadda, M.T., Indrizzi, E., Gennaro, P., Spuntarelli, G. (2004). Scoliosis of the
cranial base: radiological and mathematical analysis using finite elements system
analysis (FESA) of a case. Journal of Cranio-Maxillofacial Surgery, 32, 220-227.

Jehad Al-Sukhun, Risto Kontio, Christian Lindqvist (2006). Orbital Stress Analysis —Part I:
Simulation of Orbital Deformation Following Blunt Injury by Finite Element
Analysis Method, available online 16 February. http:/ /www.sciencedirect.com/.

John, A. (2004). Identification and analysis of geometric parameters and mechanical properties of
human pelvic bone, ZN Politechniki Slqskiej, S. Mechanika, Gliwice; in Polish.

John, A., Wysota, P. (2010). The procedure to aid of diagnosis the osteoporosis in human
pelvic bone, Modelowanie Inzynierskie, 35, 1-6.

Kovaleva, N.A., Savin, A.V., Manevitch, L.I.,, Kabanov, A.V., Komarov, V.M., Yakushevich,
L.V. (2006). Topological solitons in inhomogeneous DNA molecule. Polymer Science,
48-A, 278-293.

Kutz, M. (2003). Standard Handbook of Biomedical Engineering and Design, McGraw-Hill.

Majumder, S., Roychowdhury, A., Pal, S. (2007). Simulation of hip fracture using a 3D finite
element model of pelvis-femur-soft tissue complex with simplified representation
of whole body, Medical Engineering & Physics, 29, 1167-1178.

Mazurkiewicz, A., Topoliniski, T. (2009). Relationships between structure, density and
strength of human trabecular bone, Acta of Bioengineering and Biomechanics, 11(4),
55-61.

Mrozowski, J., Awrejcewicz, J. (2004). Fundamentals of Biomechanics, The Technical University
of Lodz Press, £.6dZ, in Polish.

Nagano, A., Komura, T., Fukashiro, S., Hinemo, R. (2005). Force, work and Power output of
Lower limb muscles Turing human maximal-effort countermovement jumping,
Journal of Electromyography and Kinesiology, 15, 367-376.

Norberg, J., Nilsson, J. (2002). Molecular dynamics applied to nucleic acids, Acc. Chem. Res.,
35, 465-472.

www.intechopen.com



356 Numerical Analysis — Theory and Application

Peyrard, M., Bishop, A.R. (1989). Statistical mechanics of a nonlinear model for DNA
denaturation, Phys. Rev. Lett., 62, 2755-2758.

Phillips, A.T.M., Pamkaj, P., Howie, C.R., Usmani, A.S., Simpson, A.HW.R. (2007). Finite
element modeling of the pelvis: Inclusion of muscular and ligamentous boundary
conditions, Med. Eng. & Phys., 29, 739-748.

Rakowski, G., Kacprzyk, Z. (2005). Finite element method in structural mechanics Oficyna
Wydawnicza Politechniki Warszawskiej, (in Polish).

Roth, S., Raul, J-S., Willinger, R. (2009). Finite element modelling of paediatric head impact:
Global validation against experimental data. Computer methods and programs in
biomedicine , www.intl.elsevierhealth.com/journals/cmpb.

Sander, S., van den Bedem, S.P.W., van Keulen, F., van Helm, F.C.T., Simonsz, H.]J. (2006). A
finite-element analysis model of orbital biomechanics. Vision Research, 46, 1724-
1731.

Schmalzried, T., Shepherd, E.F., Dorey, F.J., Jackson, W.]., Rosa, M., Fa'vae, F., McKellop, H.,
McClung, C.D., Martell, J., Moreland, J.R., Amstutz, H.C. (2000). Wear is a function
of use, not time, Clin Ort. Relat Res., 381, 36-46.

Smolarczyk-Wanyura, D. (2005). Management of patients with isolated fractures of the
floorof the orbit - the author’s own observation, Czas. Stoma., LVIII, 7. (in Polish).

Sponer, J., Leszczynski, J., Honza, P. (1996). Hydrogen bonding and stacking of DNA bases.
A review of ab initio quantum-chemical studies. J. Biomol. Struct. Dyn., 14, 117-135.

Wall, A. (2002). Clinical aspects of total hip arthroplasty, Acta of Bioengineering and
Biomechanics, 4(1), 16-19.

Willinger, R., Sung, H., Diaw, B. (1999). Development and Validation of a Human Head
Mechanical Model. Biomechanics, 327[11b], 125-131.

Yakushevich, L.V., Savin, A.V., Manevitch, LI (2002). On the Internal dynamics of
topological solitons in DNA, Phys. Rev., E-66, 016614.

Yakushevich, L.V., Gapa, S., Awrejcewicz, ]J. (2009). Mathematical analysis of equation imitating
DNA base oscillations. In: Mathematics. Computer. Education, 16(2), Edited by G.Yu.
Riznichenko, Moscow - Izhevsk, RCD, pp. 135 - 144.

Yakushevich, L.V., Gapa, S., Awrejcewicz, J. (2009). Mechanical analog of the DNA base pair
oscillations. In: Dynamical Systems - Theory and Applications, Edited by ].
Awrejcewicz, Lodz, 879-886.

Yakushevich, L.V., Krasnobaeva, L.A., Shapovalov, A.V., Quintero, N.R. (2005). One- and
two-soliton solutions of the sine Gordon equation applied to DNA, Biophysics, 50,
450-455.

www.intechopen.com



1

‘j £ Numerical Analysis - Theory and Application

" NUMERICALANALYSIS
THEDRY AND APLICATION _ |
S remee . B -x'-——s—-—‘——-'ﬁ—'

Edited by Prof. Jan Awrejcewicz

ISBN 978-953-307-389-7

Hard cover, 626 pages

Publisher InTech

Published online 09, September, 2011
Published in print edition September, 2011

Numerical Analysis &€ Theory and Application is an edited book divided into two parts: Part | devoted to
Theory, and Part Il dealing with Application. The presented book is focused on introducing theoretical
approaches of numerical analysis as well as applications of various numerical methods to either study or
solving numerous theoretical and engineering problems. Since a large number of pure theoretical research is
proposed as well as a large amount of applications oriented numerical simulation results are given, the book
can be useful for both theoretical and applied research aimed on numerical simulations. In addition, in many
cases the presented approaches can be applied directly either by theoreticians or engineers.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

J. Awrejcewicz, J. Mrozowski, S. Miynarska, A. Dabrowska-Wosiak, B. Zagrodny, S. Banasiak and L.V.
Yakushevich (2011). Modeling and Simulation of Biomechanical Systems - An Orbital Cavity, a Pelvic Bone
and Coupled DNA Bases, Numerical Analysis - Theory and Application, Prof. Jan Awrejcewicz (Ed.), ISBN:
978-953-307-389-7, InTech, Available from: http://www.intechopen.com/books/numerical-analysis-theory-and-
application/modeling-and-simulation-of-biomechanical-systems-an-orbital-cavity-a-pelvic-bone-and-coupled-
dna-bas

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBMIERFEK6SS LiEEPrREB ARG DA 4058 TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




