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Abstract

The femur bone is the longest bone in the human body. The proximal end of femur contacted at hip joint and in
the distal end contacted at knee joint. Femur bone affected with muscles attached with it and with contacts at joints
and weight bearing of body, all of these applied loads on femur and stresses effect result. In this study we will
discuss stress analysis on the femur bone when a compressive load applied on the head of the bone at the contact
region with acetabulum by using the photo elasticity transmission technique. The normal femur bone scaling to
prototype according to material properties an polariscope load applied. The effect of load on the prototype with
passage of polarized light through it give fringes pattern which Interpretation to show the stress at head of femur and
at the shaft of femur. The study was done in Baghdad during 2016 from Al-Nahrain University.
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Y alie o clalgal) Al

duadAl)

il akie | S N Jhaiag Joa 3l Al 5 &) gl Jamiay i 23l alae (e 4y il Al Y ana 3 dadae skl g8 3adl) ol
e i a3l akhe e adalual) JlaalWl o2 JS alead 63 aall ()55 5 dealiall o aiWlaily jiliiy 4y aliaiall cidlaally Sl
siall alael) ae Juail dilaia 8 alaad) Gl ) e Jariall 58 Jagles die 3l alae e culalga V! Jalas i8S Ca g 4l yall 030 3 bl
O bl S Jlaal¥) 5 anaiivsall solall (ailiadl 18 5 dime bl 73 sa ) z ) 4pegdal) 23l alae 8L 5 gudall Calaisall 40685 aladinly
Ghaleay) eday S puds o s i axy AR (e el ¢ guall 5 0 e alaall 23 gai Ao Jleal) il ardtidll 5 guall Calafiall
phanl) ey (o 5 2l plae () e

A& Julat | 3AEN adae A gudal) 4l g pall sdgalidal) cilals

26


mailto:engzainabmajid@gmail.com

JOURNAL OF MADENT ALELEM COLLEGE VOL 10

NO1l YEAR 2018

INTRODUCTION

Photoelastic stress analysis is a technique that
provides us with full field stress distribution at any
examined model. It is based on the property of some
transparent double refraction materials (birefringence
material) [1]. If these materials are subjected to an
applied load the refractive index of material change
and the magnitude of the change is different in two
plane of principal stress. This result in light passing
through stressed material at different speed according to
applied load [2].

The hip is a ball-and-socket joint as shown in figure
(1). The socket is formed by the acetabulum, which is
part of the large pelvis bone. The ball is the femoral
head, which is the upper end of the femur [3]. The femur
head subjected to compressive load that applied from the
pelvis at contact with acetabulum region. Qualitative
analyses of the stress distribution of the trabecular
femoral head of a human femur by photoelasticity are
presented and find that the porous bone model makes
the stresses. Reduced at the contact with surface of the
femoral head joint. That because of maximum stress
concentration is shifted from the surface to the interior
of the bone, results from the damping of external forces
and diffused them towards the interior of the bone tissue
[4]. The state of stress of an intact femur was analyzed
using a three-dimensional finite element model and
strain gauges for experimental measurements .several
modes of loading, the deflections and the principal and
comparison stresses were determined and compared.
The upper one third and the diaphysis of the femur are
differently affected in their state of stress. [5]

Use of photoelastic models to interpret and demonstrate
biomechanical principles. Isochromatic fringes show
bone stresses distribution in the femur is explained with
respect to iliotibial tract loading, and he uses two-
dimensional models to illustrate bone remodeling
theories. [6]

Model from catalin made to femur bone with
compressive load applied on the bone .the arrangement
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of stresses line  markedly show the trabecular
structure at longitudinal section of femur . The greater
number of stresses line appears to be at medial side and
shifted toward the line of mechanical axis of normal
femur. [7]

In this work a qualitative analysis of the stress
distribution of a cross section of the medial condyle of a
human femur byphotoelasticity is presented. A model of
the cross section was obtained by plaster casting,
carefully maintaining the internal architecture of the
Porous bone. The fringe patterns observed in the porous
bone model showed that the maximum stress
concentration is shifted from the surface to the interior
of the bone and diffused [8].
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Fig.(1) Region of contact between femur head and
acetabulum.

Aim of the study

In this study the photoelasticity used to find the
stresses at femur bone of human body at hip joint.
The stresses analyzed at different region in the
femur bone and then compared with each other to
find the higher stress which lead to fracture at some
cases.

EXPERIMENTAL WORK

The first step on photoelasticity techniques calibration
of material to find the material fringe values defined as
number of fringes produced per unit load. Material
fringe value used to accurately determine the stress
distribution. The material fringe value depends on the
type of birefringes material which used to make the
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prototype. The calibration method used at this study by passage of polarized light give a fringe pattern to find
tensile specimen which have a specific dimensions the stress distribution at region of contact with
depend on the thickness of material. The width of acetabulum and stresses at the shaft of the bone as in
specimen w, the thickness h, and the load applied p, figure(4).
fringe order n ,and the axial stress c.

So, 61=P/(wh) and ©2=0 1)

The birefringes material used at this study is the
transparent polycarbonate. The load on tensile specimen
increased gradually and order of fringes change with this
increments as in figure(2). The material fringe value
determined from equation (2).

P/(wh) = nf/h or f=P/(wn) @)

f=25.523/ (3.8 *1) = 6.7 N/mm fringes.

Fig.( 3) Prototype of femur bone with applied load

Fig.( 2) Calibration of material by tensile specimen

After calibration the model of bone scaled to 2D
prototype and the load applied on it founded as in
figure(3). The prototype on polariscope with

compressive load at 75degree on head of femur and
28



Fig.( 4) Fringes pattern on femur bone under load

The principal stress determined from fringe order
appeared on the prototype with equation (3).

6l 62 =f*n/h 3)
h is the thickness of prototype.

Then find the stresses on the head of femur and shaft of
femur with each load applied by mohrs circle as in
figure(5).
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Fig. (5)Mohrs circle
Result:

The fringe order increase with the increasing of

the load and find that the principal stresses and
stresses in the femur head higher than the stress
in the femur shaft as in table (1,2,3 and4).

Table 1: principal stresses on the femur head determined
from fringe order

Load (N) Fringe Principal stresses
order(fringe) on femur
head(Mpa)
2.224 1 1.34
13.7322 2 2.68
17.9915 3 4.02
27.4646 4 5.36
31.7238 5 6.7
35.9830 6 8.04
40.24233 6 8.04
44.50159 7 9.32
48.76025 8 10.72
53.020111 9 12.06
57.2793 10 134
61.53862 10 134
70.5756 11 14.74
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Table 2: principal stresses on the shaft of femur
determined from fringe order. 30 Y ol
Load (N) Fringe Principal stress
order(fringe) on the shaft of 25
bone(MPa) =
Q.
2.224 0 0 S 20
13.7322 1 1.34 g 15
17.9915 1 1.34 @
27.4646 2 2.68 10
31.7238 2 2.68 s
35.9830 2 2.68
40.24233 3 4.02 0
44.,50159 3 4.02 0 20 40 60 80
48.76025 3 4.02 load(N)
53.020111 4 5.36
57.2793 4 536 Fig. 6 Stress with load on head of femur
61.53862 5 6.7
70.5756 6 8.04 Table 4: stresses from Mohr circle on shaft of femur
Stresses(MPa)
Principal stress on
: . the shaft of
Table3: stresses on the head of femur from Mohr circle. bone(MPa)
Principal stresses on the head of Stress(MPa)
femur bone (MPa) 0 0
0 0 1.34 2.84
1.34 2.84 1.34 2.84
2.68 5.68 2.68 5.68
536 11.36 2.68 5.68
6.7 14.2 4.02 8.52
4.02 8.52
8.04 17.04
8.04 17.04 4.02 8.52
9.32 19.88 536 11.36
10.72 22.72 % %
12.06 25.56 5. 11.
13.4 28.4 6.7 14.2
134 28.4 8.04 17.04
14.74 31.24
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Fig. 7 Stresses with load on femur shaft

DISCUSSION

The fringe order on the head at contact more than the
orders that reach at the shaft so , the stresses on the head
of the bone higher than the stresses on the shaft of the
bone .

Load applied directly from pelvis at contact region while
the stresses on the shaft result from compression and
decreased because of that the load not directly applied
on it. So, with daily activity the hip joint may have
arthritis or injury on the region of femur with hip
contact or on the high stresses on the head of femur
result from the load the femur neck that leads to hip
replacement.
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