Poster Presentation TSNE

ICOME
/

The 7" TSME International Conference on Mechanical Engineering \
13-16 December 2016

Mechanical Englneering
Innovation for Green Society

POS0009
The Strain Distribution around Pin-track hole on Varus Femur of
The Elderly under Dynamic Loading Conditions

Kittipong Sangrit', Kitti Aroonjarattham®”, Promtpong Anuchitchanchai?, Chompunut Somtua'* and
Panya Aroonjarattham'

! Department of Mechanical Engineering, Faculty of Engineering, Mahidol University, Nakornpathom, Thailand, 73170
2 Department of Orthopaedics, Faculty of Medicine, Burapha University, Chonburi, Thailand, 20131
3 Department of Mechanical Engineering, Faculty of Engineering, Bangkok Thonburi University, Bangkok, Thailand, 10170
* Corresponding Author: kittaroon(@gmail.com
Tel: 66-3839-4850

Abstract

The pin-track hole after total knee arthroplasty was reported the cause of distal femur fracture on post-
operative. This hole was used to mark in the computer-assisted navigation surgery process, which was increase the
precision of total knee replacement. This research aims to evaluate the maximum equivalent of total strain at pin-
track hole on varus femur of the elderly under dynamic walking and dynamic stair-climbing condition. The result of
dynamic loading had the higher strain distribution on the pin-track hole than the static loading and the reduction of
time cycle, which was represent the accident on the patient had the higher strain distribution on the pin-track hole
than the normal time cycle but the dynamic loading did not affect the bone fracture at pin-track hole because all

models had the maximum equivalent of total strain on pin-track hole less than 25,000 microstrain.
Keywords: Varus Femur, Dynamic Loading, The Elderly and Pin-track Hole.

1. Introduction

Total knee arthoplasty (TKA) was a surgical
process to treat the osteoarthritis that was removed the
damaged parts of the knee joint and was replaced with
the total knee prosthesis. Computer-assisted navigation
in total knee arthroplasty was popularly technique to
increase the accuracy for implantation the prosthesis
but it had reported the cause of distal femur fracture on
post-operative near the pin-track hole region [1]. From
previous study [2, 3], the static loading condition did
not affect the strain concentration at pin-track hole
region that made the distal femur fracture. Therefore,
this research aims to use the dynamic loading
condition of walking and stair-climbing to analyze the
maximum equivalent of total strain at pin-track hole
region on varus femur of the elderly by finite element
method.

2. Material and Methods

2.1 Three-dimensional models

Three-dimensional model in this research was
scanned by computerized tomographic (CT) scanner
and reconstruct with ITK-SNAP software. The varus
femur bone model was set the position after inserted
the femoral component as a neutral alignment and 3
degree valgus alignment [4] as shown in Fig. 1.

(a) (b)
Fig. 1 The position of varus bone model inserted
femoral component: (a) Neutral alignment and (b) 3
degree valgus alignment

2.2 Materials Properties

All models were assumed to be linear elastic,
homogeneous and isotropic material [4-7]. Material
properties of cancellous bone and cobalt-chrome alloy
(femoral componant) were shown in Table. 1. The
material properties of cortical bone of the elderly at
60-89 years for men and women were shown in Table.
2 and 3 respectively.

Table. 1 Materials properties [8, 9].

Materials Elastic Modulus Poisspn’s
(MPa) ratio
Cancellous bone 600 0.20
Cobalt-Chrome alloy 230,000 0.30
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Table. 2 Materials properties of cortical bone for men 2.3.1 Dynamic condition
[10]. Hip contact and muscular forces were used to
A Elastic Modulus Poisson’s analysis under dynamic condition which varied with
ge (years) (MPa) ratio time. The dynamic walking condition was shown the
60-69 15,100 0.30 hip contact and muscular force in Fig. 3 - 7.
70-79 14,500 0.30
80-89 12,600 0.30 Hip contact Force
Table. 3 Materials properties of cortical bone for s
women [10]. E ——Fx
Age (vears) Elastic Modulus Poisson’s Z —Fy
gy (MPa) ratio = —==Fz
60-69 10,800 0.30 TIME (sec)
70-79 17,600 0.30
80-89 12,600 0.30 Fig. 3 Hip contact force under dynamic walking

2.3 Boundary Conditions

The daily activities as walking and stair-climbing
were used in the research. The muscular forces were
acted on the proximal femur and the body weight was
pressed at the top of femoral head as shown in Fig. 2
under walking and stair-climbing condition [11]. The
loading positions were defined by Heller M.O., et al.

as shown in Table. 4 [12].

1]

Fig. 2 Boundary condition defined on the proximal

femur

condition [13]
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Fig. 4 Abductor force under dynamic walking
condition [13]
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g. 5 Tensor fascia latae, proximal part force under
dynamic walking condition [13]

Tensor fascis latae, distal part

Table. 4 The loading on proximal femur under walking
and stair-climbing condition [12]. §_zo —a—F:
. Force Z —Fy
Position Walking Stair-climbing g —=—F;
1 Fix displacement Fix displacement o0 TIME (sec)
2 Body weight Body weight
3 Hip contact Hip contact Fig. 6 Tensor fascia latae, distal part force under
4 Intersegmental Intersegmental dynamic walking condition [13]
resultant resultant
S Abductor Abductor Vastus lateralis
6 i Ilio-tibial tract, -
proximal = y =
Ilio-tibial tract, = 2 4 06 08 1 13
7 - distal = .
g Tensor fascia latae, | Tensor fascia latae, 100 TIME (seq) :
proximal proximal
9 Tensor fascia latae, | Tensor fascia latae, Fig. 7 Vastus lateralis force under dynamic walking
distal distal condition [13]
10 Vastus lateralis Vastus lateralis
11 - Vastus medialis
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The dynamic stair-climbing condition was shown
the hip contact and the muscular force in Fig. 8 - 15.

Hip contact Force
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Fig. 8 Hip contact force under dynamic stair-climbing
condition [13]
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Fig. 9 Abductor force under dynamic stair-climbing
condition [13]
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Fig. 10 Ilio-tibial tract, prximal part force under
dynamic stair-climbing condition [13]
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Fig. 11 Tlio-tibial tract, distal part force under dynamic
stair-climbing condition [13]
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Fig. 12 Tensor fascia latae, proximal part force under
dynamic stair-climbing condition [13]
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Fig. 13 Tensor fascia latae, distal part force under
dynamic stair-climbing condition [13]
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Fig. 14 Vastus lateralis force under dynamic stair-
climbing condition [13]
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Fig. 15 Vastus mediallis force under dynamic stair-
climbing condition [13]

All models were drilled pin-track hole at the
medial side of femur with a semi-bicortical pattern as
shown in Fig. 16, which was varied the hole angle as
10, 15 and 20 degree and the hole diameter as 3 and 4
mm.

W

SR -

Fig. 16 The semi-bicortical of pin-track hole [14]

2.4 Mesh model

Mesh generations were generated by MSC Marc
package which include the femoral bone and femoral
component. The femur model had a total of 85,123
nodes and 355,893 elements and the femoral
component had a total of 6,771 nodes and 26,450
elements. The mesh model of femur-implant was
shown in Fig. 17.
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b o Fig. 17 The maximum equivalent of total strain
- distribution around pin-track hole region with neutral

alignment of men model: (a) dynamic walking and (b)

Fig. 17 Mesh model of femur-implant . ) dynam
dynamic stair-climbing

3. Result and Discussion

This research was evaluated the maximum - B
equivalent of total strain on the femur under dynamic ...
walking and dynamic stair-climbing condition, which 2 s
were shown in Table. 5 and 6 respectively. i
Table. 5 The maximum equivalent of total strain of .
under dynamic walking condition. st —
. Maximum " » tsesan
Ag Time Size and ivalent
Model Sex 8¢ © angle of pin- cquivater e il
range (Sec) total strain SR s
track hole . X
(microstrain) Sl R
Neutral men | 80-89 | 0.1 4 mm. 2,389.59 I '
alignment 15 degree :
(a)

Neutral 1 00 en | 6069 | 0.1 4 mm. 2,753.41

alignment 15 degree (b)
3;55323 men | 8089 | 0.1 , (;‘é‘el;e . 1.411.12 Fig. 18 The maximum equivalent of total strain
3 degree 7 mm distribution around pin-track hole region with neutral
women | 60-69 | 0.1 : 1,651.77 . . .
valgus 20 degree alignment of women model: (a) dynamic walking and

(b) dynamic stair-climbing
Table. 6 The maximum equivalent of total strain under

dynamic stair-climbing condition. 3.2 The maximum strain on 3 degree valgus alignment
. Size and Maximum model
Model S Age Time le of pi equivalent . . .
ode ex range | (Sec) alt‘i :k"hg)’lle“‘ total strain The maximum equivalent of total strain occurred
— - (microstrain) on the 3 degree valgus alignment model under
cutral mm. . .o,
alignment | Men | 80-89 | 0. 20 degree 2,513.34 dynamic condition at the age range 80-89 for men and
aﬁle;;::l | women [ 6069 | o ) (;1 . 2.963.35 60-69 f(?r women. Around the pln-t'rack. hgle region,
2 ﬁegm 3 mﬁl the maximum equivalent of total strain distribution for
valgus men | 80-89 | 0.1 10 degree 1,244.84 men were 1,411.12 and 1,244.84 microstrain under
3;5;:6 women | 60-69 | 0.1 103 (;:;e . 1,507.19 dynayn.IC walking . and dynamic  stair-climbing
condition as shown in Fig. 19 and for women were
. . . 1,651.77 and 1,507.19 microstrain under dynamic
3.1 The maximum strain on neutral alignment model . . A -
walking and dynamic stair-climbing condition as

The maximum equivalent of total strain occurred
on the neutral alignment model under dynamic
condition at the age range 80-89 for men and 60-69 for
women. Around the pin-track hole region, the
maximum equivalent of total strain distribution for
men were 2,389.59 and 2,513.34 microstrain under
dynamic walking and dynamic = stair-climbing
condition as shown in Fig. 17 and for women were
2,753.41 and 2,963.35 microstrain under dynamic
walking and dynamic stair-climbing condition as
shown in Fig. 18.

shown in Fig. 20.
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(b)
Fig. 19 The maximum equivalent of total strain
distribution around pin-track hole region with 3 degree
valgus alignment of men model: (a) dynamic walking
and (b) dynamic stair-climbing

(a) (b)

Fig. 20 The maximum equivalent of total strain
distribution around pin-track hole region with 3 degree
valgus alignment of women model: (a) dynamic
walking and (b) dynamic stair-climbing

3.3 Trend of maximum equivalent of total strain to the
age of human

The elastic modulus was inverse varied with age
in both cases. The decreased elastic modulus made the
bone absorbed more energy and the maximum
equivalent of total strain had increased. The graph
between maximum equivalent of total strain and
elastic modulus, was varied with time, on neutral
alignment model was shown in Fig. 21.

Neutral alignment
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Fig. 21 The maximum equivalent of total strain versus
elastic modulus, varied with time of neutral alignment
models

The graph between maximum equivalent of total
strain and elastic modulus, was varied with time, on 3

degree valgus alignment model was shown in Fig. 22.

3 Degree valgus alignment
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Fig. 22 The maximum equivalent of total strain versus
elastic modulus, varied with time of 3 degree valgus
alignment models

The elastic modulus of elder model affects the
maximum equivalent of total strain distribution around
the pin-track hole region under dynamic conditions but
the maximum strain did not exceed 25,000 microstrain
[15, 16] that the ultimate value of bone fracture. All
models of varus bone inserted femoral component did
not fracture on pin-track hole under static walking,
static stair-climbing, dynamic walking and dynamic
stair-climbing condition [2, 3, 17].

4. Conclusion

The total knee replacement surgery should be
inserted the femoral component with 3 degree valgus
alignment for the lowest maximum equivalent of total
strain on the bone [3, 4]. The dynamic loading
condition did not affect the femur fracture at the pin-
track hole region because the maximum equivalent of
total strain on the bone less than 25,000 microstrain.
The patient had a femur fracture on post-operatively at
the pin-track hole region may be overweight or obese
[18] or may be occur under impact or fatigue failure
condition.
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