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ABSTRAK

Projek ini bertujuan untuk membangunkan mekanisme lutut prostetik ligamen
anterior cruciate (ACL) dan menentukan kehidupan keletihan untuk implan lutut stabil
di bahagian belakang dengan menggunakan perisian Solidworks. Daripada model asal
implan lutut akan diimbas untuk pendua untuk model CAD sebelum meneruskan
proses percetakan 3D. Bahan yang digunakan untuk menghasilkan model semasa ialah
termoplastik (ABS). Oleh simulasi ujian keletihan, bahan yang akan dipilih ialah
Titanium Ti-8Al-1Mo-1V. Akan ada kajian tentang kehidupan keletihan pada bahan
yang digunakan.

Bahan-bahan yang akan dianalisis pada simulasi akan menjadi beban yang
berbeza yang bertindak. Beban akan digunakan pada bahan untuk menentukan apa
batasan bahan yang dapat ditahan sebelum kelelahan. Data dari masa kitaran dan
pemuatan bahan akan dikumpulkan dan akan dianalisis yang merupakan hasil kajian
keletihan untuk simulasi produk. Kehidupan keletihan akan diperhatikan melalui graf
lengkung S-N yang menghasilkan dari proses simulasi, dari grafik yang dapat
menentukan berapa bilangan kitaran produk akan berlaku kerosakan. Selain itu, nilai

yang menyebabkan keletihan bahan dapat ditentukan dari plot kontur.

Keputusan ramalan akan dibandingkan dengan beban yang berbeza untuk
menentukan jangka hayat. Dari data yang telah dikumpulkan, ia akan menunjukkan

masa kitaran dan jumlah tekanan bagi bahan untuk kegagalan keletihan.



ABSTRACT

This project was aimed to develop prosthetic knee mechanism of anterior
cruciate ligament (ACL) and determine fatigue life for posterior stabilized knee
implant by using Solidworks software. From the original model of knee implant will
be scanned to duplicate for the CAD model before proceed to the 3D printing process.
The material that is use to generate current model is the thermoplastic (ABS). By the
simulation for fatigue test, the material that will select is Titanium Ti-8Al-1Mo-1V.

There will be studies about fatigue life on the material that are used.

The materials that will be analyzed on the simulation will be different load
that acted. The load will be applied to the material to determine what are the limitation
of the material can hold before it fatigue. The data from cycle time and loading of the
material will be collected and it will be analyzed which are the result of the fatigue
study for the product simulation. Fatigue life will be observed through S-N curves
graph which generate from the simulation process, from the graph able to determine
at what number of cycles the product will occur damage. Besides that, the value that

causes the fatigue of the material can be determined from the contour plot.
The result of the prediction will be compared from the different load acted to

determine the lifespan of the. From the data that have been collected, it will show that

which cycle time and number of stress for the material for the fatigue failure.
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CHAPTER 1

INTRODUCTION

1.1 Background

The anterior cruciate ligament (ACL) is one of the most study topics in
orthopaedics nowadays. Supported by basic science, the ACL remnant is increasingly
gaining prominence in reconstructive surgery, but there is still no consensus regarding
the various reconstructions techniques and its preservation, a topic that will be
addressed in this article. New ligament of the knee, the anterolateral ligament, has
recently gained prominence and explains old concepts and theories that justify its
increased restrictive effect on pivoting due to the greater lever arm relative to the
central position of the ACL. Finally, also driven by the rediscovery of ACL anatomy,
different techniques of femoral tunnel preparation have been developed, each with its
own characteristics, turning necessary a detailed analysis of the most used options.
Therefore, this update on the ACL aimed to address some of the most interesting and
current topics on the subject. In this stratified approach, the following sections are:
ACL remnant; anterolateral ligament and extra-articular combined with intra-articular
reconstructions; fixation devices; and techniques for creating the femoral tunnel

(Marcus Vinicius Malheiros Luzo, 2015)

Knee injuries and arthritis can be treated through both non-surgical (physical
therapy and medication) and surgical methods. Based on the type and extent of damage
to the knee, will develop a treatment plan taking into consideration the individual
patient’s goals, such as continued participation in athletic activities. Therefore, one of

the knee injuries can be treat by cruciate retaining knee implant. Prosthetic implants,



also known as prostheses, are composed of metal and plastic, and are designed to
recreate the natural pain free movement of the knee joint. Prosthetic implants for total
knee replacement surgeries have up to three components. A rounded metal component
with a groove on the front is placed on the bottom of the thighbone, allowing the
kneecap to slide up and down easily during movement. A second metal and plastic
component covers the top of the shinbone. This component may also have a metal stem
that is inserted into the centre of the shinbone to help increase the joint’s stability. For
patients who also have damaged to areas of the kneecap, it will also be replaced by a
plastic prosthesis. The amount of damage to the knee’s components varies for each
patient. If the anterior and posterior cruciate ligaments are still healthy and strong, a
cruciate retaining knee implant will be used. The cruciate retaining knee implant does
not require the removal of either the anterior or posterior cruciate ligaments for
attachment. Using a cruciate retaining knee implant during a total knee replacement
procedure allows for less disruption to the surrounding areas during surgery, a more
natural movement after surgery, and allows patients to maintain the full stability of the

joint after surgery.



1.2 Problem statement

We know that the actual price of prosthetic knee is very high cost. From the
original design of their parts also can be classify as a complex parts. The materials to
form of the product one of the reason too why this product is very expensive. But for
person who needed they required to buy for their own benefit. From the design of the
product, there is some parts that very complex to design from the original part. Besides
that, prosthetic knee need to undergo some experimental test. By this, we able to
determine the strength reliability of the product. Lifetime of the prosthetic knee, one

of issue that contributed.

1.3 Project objective

From the background and the problem statement that have been stated, the

objectives of this research are:

1. To generate model from current product using 3D Scanner.
2. To produce the prototype by using 3D printer.

3. To run the fatigue test simulation on the CAD model.

1.4 Work scope

In order to achieve the objectives, several scope have been determined:
1. Using 3D scanner to scan the actual product of prosthetic knee
2. From the design, proceed with fabricating of the parts by using 3D printer.

3. Run the fatigue test simulation to record the data analysis.



Chapter 2

LITERATURE STUDY

2.1 Introduction

Literature reviews are all about carried out the information for whole project
in order to completing this project. It will focus on study of prosthetic knee fatigue
strength of anterior cruciate ligament (ACL). Besides that, the method in design phase
and selected phase will discuss on this chapter to give a background implementation
method function. The sources that been used to complete this project such as books,

journal and article

2.2 Anterior cruciate ligament (ACL) injury

Anterior cruciate ligament injury can be define as is the over-stretching or
tearing of the anterior cruciate ligament (ACL) in the knee. A tear may be partial or
complete. Athletes who participate in high demand sports like soccer, football, and
basketball are more likely to injure their anterior cruciate ligaments. Anterior cruciate
ligament (ACL) injured require surgery to regain full function of knee. This will
depend on several factors, such as the severity of injury and activity level (M.M.
Murray 2014). As shown in figure 2.1 is normal anterior cruciate ligament and figure

2.2 injured anterior cruciate.



Figure 2.1: Normal anterior cruciate ligament

https://medlineplus.gov/ency/article/001074.htm (6.5.2017)

Figure 2.2: Injured anterior cruciate ligament

https://medlineplus.gov/ency/article/001074.htm (6.5.2017)

There are four main ligaments connect with these two bones. For the first
ligament, Medial collateral ligament (MCL) as shown in figure 2.3 runs along the
inside of the knee. It prevents the knee from bending in. Second ligament which is
Lateral collateral ligament (LCL) as shown in figure 2.4 runs along the outside of the
knee. It prevents the knee from bending out. Next, the third ligament is Anterior
cruciate ligament (ACL) as shown in figure 2.5 is in the middle of the knee. It prevents
the shin bone from sliding out in front of the thigh bone. Lastly, Posterior cruciate
ligament (PCL) as shown in figure 2.6 works with the anterior cruciate ligament
(ACL). It prevents the shin bone from sliding backwards under the femur (Chloe
Wilson, 2016)


https://medlineplus.gov/ency/article/001074.htm
https://medlineplus.gov/ency/article/001074.htm

Figure 2.3: Medial collateral ligament (MCL)

http://www.ace-pt.org/wp-content/uploads/2015/10/MCL _tear.jpg (5.5.2017)

Lateral Collateral Ligament Tear

Femur
(thighbone)

Lateral collateral

ligament (torn) \%

Inner side

Front view of knee

Figure 2.4: Lateral collateral ligament (LCL)

https://sites.google.com/site/activecarephysiotherapyclinic/ /rsrc/1472868019822/1cl
-injury/Lcl Tearl.gif (5.5.2017)



http://www.ace-pt.org/wp-content/uploads/2015/10/MCL_tear.jpg
https://sites.google.com/site/activecarephysiotherapyclinic/_/rsrc/1472868019822/lcl-injury/Lcl_Tear1.gif
https://sites.google.com/site/activecarephysiotherapyclinic/_/rsrc/1472868019822/lcl-injury/Lcl_Tear1.gif

Figure 2.5: Anterior cruciate ligament (ACL)

http://www.getactivephysio.com.au/wp-content/uploads/2013/09/ACL-Tear.jpg
(5.5.2017)

Figure 2.6: Posterior cruciate ligament (PCL)

http://www.eorthopod.com/images/Contentimages/knee/knee_pcl/knee_pcl_intro01.]

pg (5.5.2017)

About half of all injuries to the anterior cruciate ligament (ACL) occur along
with damage to other structures in the knee, such as articular cartilage, meniscus, or
other ligaments. Injured ligament are considered “sprains” and are graded on severity
scale. Anterior cruciate ligament (ACL) injuries are also associated with long-term
clinical sequelae that include meniscal tears, chondral lesions and an increased risk of
early onset post-traumatic osteoarthritis (OA) (A.M.Kiapour, 2014). Anterior cruciate
ligament (ACL) has long been thought to have poor healing capacity with a


http://www.getactivephysio.com.au/wp-content/uploads/2013/09/ACL-Tear.jpg
http://www.eorthopod.com/images/ContentImages/knee/knee_pcl/knee_pcl_intro01.jpg
http://www.eorthopod.com/images/ContentImages/knee/knee_pcl/knee_pcl_intro01.jpg

substantially high rate of failure, even after surgical repair. The unsatisfactory
outcomes of the anterior cruciate ligament (ACL) primary repair have led to
unanimous abandonment of suture repair and widespread adoption of anterior cruciate
ligament (ACL) reconstruction. Current surgical treatment of anterior cruciate
ligament (ACL) injury is costly, with variable outcomes and is associated with high
risk of post-traumatic within two decades of injury. While few athletes are able to
resume sports at the same level without surgery, the surgical reconstruction is also not
always successful at returning patients to their pre-injury activity level. Furthermore,
those athletes who successfully return to activity are at high risk of a second knee

injury with notably less favourable outcomes.

More than 70% of ACL injuries occur as non-contact (without a direct blow to
the knee joint). They occur as a result of landing from a jump and lateral cutting
manoeuvres that may occur in different athletic activities. Neuromuscular control
deficit during dynamic movements has been hypothesised to be the primary cause for
both primary and secondary anterior cruciate ligament (ACL) injury risk. The deficit
in dynamic active neuromuscular control manifests as excessive joint loads and leads
to detrimental The deficit in dynamic active neuromuscular control manifests as
excessive joint loads and leads to detrimental anterior cruciate ligament (ACL)
stress/strains and ultimate failure. Non-contact anterior cruciate ligament (ACL) injury
mechanisms are multi-planar in nature, involving the tibiofemoral joint articulation as
shown in figure 2.7 in all three anatomical planes. Anterior cruciate ligament (ACL)
stress & strains and ultimate failure. Non-contact anterior cruciate ligament (ACL)
injury mechanisms are multi-planar in nature, involving the tibiofemoral joint
articulation in all three anatomical planes. Combination multi-planar loading including
anterior tibial shear as shown in figure 2.8, knee valgus as shown in figure 2.9 and
internal tibial rotation as shown in figure 2.10 to be the worst case scenario and primary
mechanism of non-contact anterior cruciate ligament (ACL) injury had been identified

(A.M.Kiapour, 2014).



