a
I
g o

Tarbiat Modares
niversi

FEA and it's

application on bone

strength estimation

Fatemeh Alavi
Faculty of Mechanical Engineering

fppt.com

/4

N

..'l ¥y y
i F
RO ‘
' \
A\



Healthcare
Engineewnc

Technologies
for improved
diagnostics.

Biomedical
Engineering
(BME)

BME
SOLUTIONS




Orthopaedic Biomechanics

_ e




Bone with
Healthy bone osteoporosis

Osteoporosis Y &

« Osteoporosis is a condition that weakens bones, making
them fragile and more likely to break and deteriorate micro-
architecture, particularly involves the hip, spine, and wrist.
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The diagnosis of osteoporosis can be made using Normal

« conventional radiography L /¥ = ) l
* dual-energy X-ray absorptiometry (DXA) measuring BMD LN 3 » " rr
- QCT : - ,

+  HR-pQCT

Age (years)

« It develops slowly over several years and is often only
diagnosed when a minor fall or sudden impact causes a
bone fracture.

* In order to assess osteoporosis one needs parameters 2.5
quantifying
— bone mass
— bone micro-architecture and




About our research

The diagnosis of osteoporosis involves the assessment of mechanical and
structural properties.

To understand the complex relationships between failure of bone tissue and
fracture of the whole bone requires a critical analytical step involving
calculation of the internal stresses (force intensities) in the whole bone. This
step in turn requires knowledge of -

« the geometric features of the whole bone,
« the loads being applied, and
« the material properties of the involved tissues.

Overview of Procedure
« Sample preparation .
« Definition and implementation of the femoral reference syste
« QCT scanning

— Mechanical testing of the proximal femur

— Finite element analysis




Imaging and creating FE model
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Mechanical Testing

Male, Age 18, Left (a =-15, B =-15), Subtrochanteric Fracture

Transverse Growth Longitudinal Growth crack initiation final rupture
(L-C) (C-L) (L-R) (L-R)

Female, Age 20, Right (o = -15, p = —15), Subtrochanteric Fracture

Plexiglas

Transverse Growth Oblique Growth Longitudinal Growth crack initiation nal rupture

Anterior view Posterior view
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M.Mirzaei, M.Keshavarzian, F. Alavi, P.Amiri, S.Samizadeh, QCT-based failure analysis of proximal femurs under
various loading orientation, Journal of Medical & Biological Engineering & Computing, 2015, 53(6):477-86.




Prediction of femoral fracture pattern
under various loading orientations
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male, age 58, Right (a =-15, f =-15)

female, age 35, Right
(=20,B=-10)

male, age 54, Left
(a=-15,p=15)

i = i = o7
Experiment = 4540 N Linear FE = 5287 N female, age 20, Right

(a 15,8 15)

male, age 44, Right

(a 15, 15)
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M. Mirzaei, F. Alavi, Various fracture types of human proximal femur under a single loading orientation,
ISB/ASB (2019), Calgary, Canada.




Failure analysis of femurs under

various loading orientations
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Perform a linear FE analysis
at an arbitrary load
(F)
Calculate the RF for each element
(RF = strain energy density | yield strain energy density)
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M.Mirzaei, M.Keshavarzian, F.Alavi, P.Amiri, S.Samizadeh, QCT-based failure analysis of proximal femurs under
various loading orientation, Journal of Medical & Biological Engineering & Computing, 2015, 53(6):477-86.




Defining the fracture properties of femoral cortical
bone according to different anatomic quadrants

Longitudinal
(L)

3 Tensile Radial Circumferential
Arc Type Specimen Three Point-Bend Fracture Test Specimen ?Rl)d "“m;g)mn .
crack tip - w
F . 1
razorblade cut L

handsaw cut -

Osteon

crack growth in anterior Orientation

Tensile Fracture Test

crack growth in posterior




Nonlinear Analysis of femoral fracture using
cohesive zone model (CZM)

female, age 20, Right (« = -15, B =-15)

15, B=—15)

male, age 18, Left («

Fracture Load (experiment): 2661 N

Fracture Load (experiment): 5112 N

Fracture Load (FE): 5105 N

Crack initiation

SDEG

(Avg: 75%)
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Fracture Load (FE): 2701 N
M. Mirzaeli, F. Alavi, F. Allaveisi, V. Naeini, P. Amiri, Linear and nonlinear analyses of femoral fractures:

Computational/experimental study, Journal of biomechanics, 2018, 79: 155-163.




Femoral fracture analysis using XFEM combined

with anisotropic damage criteria
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Subtrochanteric Fracture Basicervical Fracture Subcapital Fracture Subtrochanteric Fracture
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M.Mirzaei, R.Shahbad, F.Alavi, Failure analysis of proximal femurs using XFEM, unpublished data.
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FRAX Fracture Risk Assessment Tool

Femoral fracture analysis —
USing DXA-based FE mOdeI Calculation Tool

Please answer the questions below to calculate the ten year probability of fracture with BMD

— Country: Tran Name/: | | About the risk factors
aBMD{g/em2)
‘ y QueStIonnalre: 10. Secondary osteoporosis @ No Yes
T 1. Age (between 40 and 90 years) or Date of Birth 11. Alcohol 3 or more units/day @ No ves
150 )  y Age: Date of Birth:
12. Femoral neck BMD (g/cm?)
M: D:
¥
4 s Select BMD A
120 R 2. Sex D Male © Female i ]
3. Weight (kg)
Sk Clear | [ Calculate
100 L'y ! 4. Height (cm)
5. Previous Fracture ® o
6. Parent Fractured Hip @ No Yes
7. Current Smoking ®No © Yes
8. Glucocorticoids @nNo © Yes
9. Rheumatoid arthritis @ No @ Yes
4 Sections Model Pixel-by-pixel Model

Z. Mohammadi, F. Alavi, Prediction of the femoral fracture location using DXA-based finite element model,
submitted to Amirkabir Journal of Mechanical Engineering




HR-

©
= O
L C
d b —
c O
mu
Q =
o
o O
= @©
O &
C L=
i
.mo
oS
-
Cr_l
O o
= G
O =
o .©
c O
= @
@)
D o
= C
L v
‘0 2
c T
5 &
O 5
| -
o

: s
: [
S~ ]
) =
o - W
= o ©
2 IT))
D 2 i
< 238
(b)
b 22
O 50
e nlae
O _ 3
— L w
(@) < &8
Q. £ o
o - o3
S Q5
= N =5
(7)) S 2w
) fd
O 2 5%
| - /
(@) ek
Y RS
= 5
e o
© X
- — N
&) i <5
@ =5
(@B ©
d)p) X
) —
g
1/4.m
QU
o
N—

M. Mirzaei, F. Alavi, Bone Strength Analysis considering orthotropic property of trabecular bone tissue,

Annual International Conference on Mechanical Engineering (ISME),2017, Tehran, Iran.




Studying the effect of muscle forces on the femoral
fracture pattern

weight weight + Gluteus
Medius Muscle force

7 ) ‘ Donald A. Neumann, Kinesiology of the Hip: A Focus on Muscular
e = "‘"ﬂ; 5 Actions. J Orthop Sports Phys Ther, 2010, 40(2):82-94.
-
“an / 4
( m . , K
' 'Z ¥ William J. Robertsonet al., Anatomy and Dimensions of the Gluteus
- , Medius Tendon Insertion. Arthroscopy, 2008, 24(2):130-6.

R. Shahbad, F. Alavi, Effects of Hip and Muscle Forces — Specifically Gluteus Medius — on the Femoral Fracture
Pattern Analyses, 27th Annual International Conference on Mechanical Engineering (ISME), 2019, Tehran, Iran.



Numerical/Experimental study of composite bone

plates under impact loading
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