
Journal o f Enginee ring Sciences 

Vol 11, Issue 10,OCT / 2020  

ISSN NO: 0377-9254                                  

  

 

 

www.jespublication.com Page No:17 

   
 

 

 
 

DESIGN AND EVALUATION OF A PROSTHETIC KNEE JOINT 
Y. Venu Gopal, M.Tech Scholar, QISCET, Ongole, AP 

V.Gopinath, M. Tech, MISTE, (Ph.D), Assoc. Professor, QISCET. 

 
 

ABSTRACT 
 

Prosthetic knee joint components support individuals 

with above-knee amputations. The primary 

requirement for this is a light-weight structure that 

can withstand high loads. 

The prime objective of the project is to design and 
analyze a flexible prosthetic knee joint and find 

possibilities and measures to suit the requirement of a 

refined substitute of an easily operative and light 

weight prosthetic knee joint. Four bar mechanism and 

stability aspects are thoroughly discussed. The knee 

dimensions are taken from human body dimensions 

and analyzed with the help of cosmos works soft 

ware. 

This work investigates the compatibility of materials 

in prosthetic knee with material properties which has 

high longevity, Low cost and Maintenance free.  
 

Key Words: Prosthetic knee, four bar mechanism, 

stability, design. 

 

1. INTRODUCTION 

1.1. Evolution of Prosthetics: 
In orthopaedic medicine, prosthesis, prosthetic, or 

prosthetic limb is an artificial device extension that 

replaces a missing body part. It is part of the field of 

bio-mechatronics, the science of using mechanical 

devices with human muscle, skeleton, and nervous 

systems to assist or enhance motor control lost by 
trauma, disease, or defect. Prostheses are typically 

used to replace parts lost by injury (traumatic) or 

missing from birth (congenital) or to supplement 

defective body parts. Inside the body, artificial heart 

valves are in common use with artificial hearts and 

lungs being in less common use but under active 

technology development. Other medical devices and 

aids that can be considered prosthetics include 

artificial eyes. 

Prosthetics have been mentioned throughout history. 

In the history of ancient warfare, there are multiple 
instances where people used the weapons tied to 

limbs. Whenever there is a cut or loss of limb(s), 

wooden and metallic substitutes were extensively 

used to continue the use of that limb. It is a well 

known fact that human bone grows naturally and 

can heel over a period of time, which led to the 

basic surgery in the field of orthopaedics. However 

whenever there is a permanent loss of limb(s), 

metallic substitutes were used to draw advantage of 

waging wars using it as weapon.The first of its kind 

perhaps the earliest reference to the concept of 

prosthesis is found in the Rigveda, at an 

approximate period between 3500 and 1800 B.C. In 

it an epic poem mentions a warrior queen by name 

Vishpala, who loses her leg in battle, was given an 

artificial leg of iron that kept her continue running. 
A written record by the Greek historian Herodotus 

from 424 B.C. wrote about a Persian prisoner of war 

who cut his in order to escape. Later he made an 

artificial wooden leg and walked about 30 miles, in 

attempt to escape but in vain. In ancient Egypt, it was 

believed that a human dead body must be rested in 

whole form; otherwise it would affect the afterlife of 

the deceased soul. Hence artificial limbs made out of 

fiber are used mostly to fill in the form than for 

functionality. However Prosthetic toes were found in 

use, to fit the sandals. In Italy also an artificial leg, 
popularly known as Capua leg, made of Iron and 

Bronze with a central wooden core was found in 

1858, which was dated back to 300 B.C. There are 

other instances in writings and recoveries by 

anthropologists from all parts of the world like China, 

Rome, Germany and many other parts. All of them 

are in various limbs made of wood, Poplar plants, 

paper, grass and glue, metals like Iron, Copper for 

common use and also for the purpose of War. Gears, 

springs, needles and other metallic components are 

also evolved over a period of time. 

Above-knee Prosthetics gained momentum by an 
invention by UC Berkley, namely the ‘suction sock’ 

in the year of 1946. Gait related problems at that time 

are addressed by Ysidro M. Martinez in the year 

1975, when he invented a below-knee prosthetic to 

address such issues, by designing a light weight and 

high Centre of mass to have less friction and more 

stability. 

Lot of companies have started working in the field of 

prosthetics now and thanks to the latest technological 

developments in the mechatronics and material 

sciences, that help producing a near perfect limbs and 
joints using light weight materials and modern 

developments have made almost the dream come true 

by developing an exactly similar limb to replace the 

lost limb. 

1.2 Basic Structure of a human Knee Joint: 

Human body itself is a great creation and has a lot of 

interesting parts. It contains many organs and 

structures to support them and brain and blood to 
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operate them. Organs provide essential functions and 

they comprise of bones and muzzles connected by 

joints to provide flexibility. Human anatomy itself is 

a complex structure. 

One of the most complex and largest joints in a 

human body is the KNEE. It connects shin bone, 
which is the bottom part of a leg called ‘tibia’ and the 

thigh bone, the upper part above the knee that is also 

called ‘femur’. It also contains Patella, a triangular 

kneecap and Fibula, a smaller bone that runs parallel 

to tibia completing the bone structure of the knee 

joint. 

Tendons connect these bones and leg muscles to 

provide synchronized movement at the knee joint. 

The knee bones are joined by ligaments to provide 

stability. 

 

 
 

Femur is prevented from sliding backwards on tibia 

or tibia might slide forward on femur with the help of 

the Anterior Cruciate Ligament. Similarly femur is 

prevented from sliding forward on tibia or tibia might 

slide backward on femur with the help of the 
Posterior Cruciate Ligament.  

The sliding motion along sideways is prevented by 

the collateral and medial ligaments. Lateral meniscus 

and medial meniscus are cartilages in the shape of C 

that generally act as shock absorbers between the 

upper and lower parts of the leg, the femur and the 

tibia. Smooth movement of knee is produced by the 

presence of multiple fluid filled sacs termed as 

bursae. 

1.3 THE PROSTHETIC KNEE JOINT: 

Knee Joint is one of the most complicated Joint 

among all the prosthetic components. It should 
support the body when you are standing, should 

allow smooth and controlled motion while walking 

and should provide ease of movement when you are 

bending, kneeling or sitting. 

Developments in the Prosthetic knee joints are 

enormous. In the 1600s they used to be tagged and 

controlled with the help of rubber bands or springs. 

From that stage, we now have the latest 

microprocessor controlled knee joints to regulate and 

provide smooth motion.  

The requirements of Individuals make it impossible 

to have same type of knee for all persons. It is highly 
dependent on the type of amputation and the age and 

profession of the individual. For example, a trans-

femoral (above-knee failure, that includes hip and/or 

knee disarticulation) amputee, the selection depends 

on the person’s health, age and lifestyle that 

determines the activity level. For some of the 

amputees, stability and safety are preferable over the 

performance.  

However, young and active amputees generally need 

the type of knee that allows maximum functionality 

and greater control. Now-a-days, there are sport 

people using artificial knees, which must provide 
extreme flexibility and supreme stability.  

Considering the above cases, which are only a few 

and may have more requirements based on the 

person, care must be exercised in choosing the best 

possible prosthetic knee to suit the individual 

requirements. The rehabilitation specialists and 

prosthetists must assist the amputees in proper usage 

of the new knees, to avoid stumbling, falling and 

discomfort. 

The study of individual’s walking cycle helps to 

determine the proper choice of the prosthetic knee. In 
general, there are two phases in the walking cycle. 

They are Stance Phase and Swing Phase. Stance 

phase represents the stance, when body is supported 

by the leg on the ground and hence determines the 

stability aspect. The Swing phase, which is 

sometimes referred to as Extension, states the 

position when leg is above the ground that 

determines the ease of walking. 

1.4. TYPES OF PROSTHETIC KNEES 

 

There are large numbers of knee models available in 

the market. However broader classification can be 
made as only of 2 categories: mechanical and 

Electronic, sometimes called as passive and active 

knees, as electronic based knees will have self 

actuating mechanisms. Mechanical knees can be 

further classified into two groups: single-axis knees 

and polycentric or multi axis knees. All the knee 

joints, irrespective of the extent of complexity, do 

require separate mechanisms for stability, based on 

manual or weight initiated locking mechanisms and 

for motion control in the form of friction or fluid 

(pneumatic or hydraulic) control mechanisms. 
There is huge variety of brands of knees available in 

the market. Some of them are presented below to 

have a clear understanding of the variety. Based on 

the mechanisms, for above the knee (AK) amputee, 
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there are three basic types of knee and frame/shin 

technologies available: 

Polycentric (simple mechanical,  friction)  

Hydraulic (fluid, mechanical) 

Electronic (microprocessor, fluid, mechanical) 

1.4.1 Polycentric (simple mechanical, friction) 
It is one of the simplest of the prosthetic knees that 

provide moderate stance control and reasonable 

swing mechanism. Spring-loaded friction provides 

this polycentric knees "stance control". Stance 

control is a highly desirable feature that prevents a 

knee from accidentally buckling-under when you 

least expect it. Poly centric knees mechanically allow 

multiple axes of rotation. The length of the prosthetic 

shortens with each step aiding in preventing toe 

stubbing. This knee is stable during stance, yet still 

allows easy flexion for swing. This knee can allow a 

person to sit also. Some polycentric knees provide a 
simple locking mechanism so that the knee can be 

temporarily locked in the extended (straight) position. 

 
 

1.4.2. Hydraulic (fluid, mechanical) 
Hydraulic knees are the best type available from the 

overall perspective. They are relatively of low 

maintenance, and offer a very natural gait (walking) 

characteristic. Both the extension (straightening) 

and flexion (bending) are independently and 

hydraulically adjustable. In general, hydraulic 

polycentric knee joints are relatively heavier and 

more expensive than single-axis joints, even more 

so with added weight and cost of added hydraulics. 
The Otto Bock’s joint system Shown in fig 1.3 (B), 

reduces the weight by using cheaper plastic 

components that are very light weight and low cost. 

 
 

1.4.3 Electronic (microprocessor, fluid, 

mechanical) 
Electronic knees have the potential for mimicking 

natural gait more accurately than any purely 

mechanical system. Electronic knees can practically 

perform instantaneous changes in speed. Moreover, 
they can aid in controlling swing and stance 

stability. Amputees do not have to think about every 

step. For the purposes of this study the electronic 

knee is of primary importance to us. Electronic 

knees are very functional, but the most expensive 

type, and high maintenance. Typical electronic knee 

joints are shown in Figure 1.4. 

 
Based on the external driving of the knee, it is also 

classified as passive knee, active knee and power 

knee. The name passive arrives from the fact that the 

user needs to put effort in managing the knee. 

Friction and wear need to be taken care in this type of 

knee. Active knee is generally is the one driven by in-

built arrangement. Power knee is generally driven by 

an active knee whose motion is monitored and 

managed with the help of microprocessor and 

actuators. There are passive and active power knees 

also that are available based on the mechanisms 

provided therein. 

1.5. Objective of project 
The prime objective of the project is to study the 

kinematics of two of the primary models and then to 

design and analyze a flexible prosthetic knee joint 

and find possibilities to suit the requirement of a 

refined substitute of an easily operative, and light 

weight prosthetic knee joint .The main idea is to 

further investigate in to the suitability of bio-

medical and other alternate materials for prosthetic 

knee joint. 

1.6. Structure of the Thesis 
The present paper deals with the modelling and 

analysis of prosthetic knee joint. The knee 

dimensions are taken from human body dimensions 

and analyzed with the help of COSMOSWorks soft 

ware. The scope of the paper is as follows: 

o Literature survey on various types of 

prosthetic knee joint. 
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o Manual dimensioning of the prosthetic 

knee model, which is the replica of a 

human knee joint 

o Generating a 3d prosthetic knee model in 

Solid Works in according to the 

dimensions considered. 
o The finite element analysis is carried out 

using COSMOSWorks. 

o The obtained vonmises’ stresses are 

compared with respect to yield strength of 

the considered material. 

2. LITERATURE REVIEW 

 

Though the use of prosthesis has found its presence 

in historic ages, this study is limited to contemporary 

developments in the models available, mechanisms 

evolved to study various models, materials being 

used in the manufacture of a prosthetic knee joint and 
various testing methodologies that are available to 

evaluate the performance of a Prosthetic Knee Joint.  

Literature Gap is primarily observed in the 

selection of suitable materials for stability of the 

knee joint. Application of different materials and 

analysis of various designs can be carried out. 

Though powered knee related study can be 

conducted, it will be beyond the scope of this 

project and hence this project is confined to 

selection of suitable materials, proper design to 

analyse and evaluate appropriate knee joint for 
perfect prosthesis. 

 

3. THE MECHANISM AND THE MATERIALS  

Prosthetics are specifically not orthotics, although 

given certain circumstances a prosthetic might end up 

performing some or all of the same functionary 

benefits as an orthotic. Prostheses (or prosthesis) are 

technically the complete finished item. For instance, 

a C-Leg knee alone is not prosthesis, but only a 

prosthetic part. The complete prosthesis would 

consist of the stump attachment system - usually a 

"socket", and all the attachment hardware parts all the 
way down to and including the foot. Based on data 

base of memory as often nomenclature is 

interchanged. 

Knee joint is primarily a hinge joint. It has two 

major motions such as flexion and extension. 

Flexion occurs when the tibia swing into a bent 

position and moves toward the back of the thigh. 

Normal active knee flexion is about 135 degrees 

where as extension occurs when the leg is 

straightened. They are discussed in detailed 

hereunder. 

3.1 The Terminology: 

The above knee area is termed as femoral and the 

below knee as the tibial region. There are two main 

types of knee designs; single axis and polycentric 

design. The single axis knee design consists of one 

primary axis that uses mechanical friction about a 

bolt, which connects the socket (thigh) to the shank 

(below knee). The bolt is located behind the path of 

the weight of the body to the floor so that it will not 

buckle when the user is standing straight. The 
polycentric design consists of a moving centre of 

rotation. This provides better control of the above-

knee prosthesis during standing and the stance phase 

of walking. Another important parameter is the 

direction of the load lines. These lines of action 

depict loads applied to prosthetics, specifically used 

to define stability of the knee. Posterior refers to the 

region behind the knee and anterior refers to the 

region in front of the knee. Medial refers to towards 

or inside of the body, while lateral refers to away or 

outside of the body. These are important parameters 

in defining control axis. 
A sequence of movements that mimics the human 

walk cycle is known as gait. The two stages of gait 

walking are the stance phase and the swing phase. 

The stance phase is where initial contact occurs at 

the heel and the knee is locked. When the toe is then 

loaded, the knee unlocks, completing the portion 

where the leg is in direct contact with the floor. This 

is followed by the swing phase where the leg is off 

the ground and swings back to its original 

configuration before it locks itself to begin the 

stance phase again. 

3.2 Four Bar Linkage Mechanism of a 

Knee:   

 
For a knee joint, a four bar linkage mechanism 

consists of the following links. The nodes at B and E 

connected to the bottom part of the thigh constitute 

the first link with the thigh (Femur) and can be 

termed as link BE. The top part of the shin (Tibia) 

that holds the nodes C and E along with the tibia 

forms the fourth link CE while the direct visible links 

are the link BC and the link ED. The following figure 

(Fig 3.1) shows the arrangement of the links which 

represents the perfect and erect position of the stance.  
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The Central line is generally termed as TA line. Here 

point ‘O’ is the instantaneous centre and the point Kc 

is called the Knee Centre. α denotes the horizontal 

distance between the TA line and the instantaneous 

centre O. β is the vertical distance between the Knee 

Centre  Kc and O. These two terms α and β form 
important deciding parameters of the stability of the 

knee and are discussed in detail later in this section. 

However the terminology related to positions is to be 

understood clearly so that the mechanism becomes 

simpler to comprehend. 

Anterior and posterior are the terms related to the 

stance while extension and flexion are the terms 

related to swing (Fig 3.2). For the erect position of 

the stance, O should always be in the posterior 

position for better stability 18. 

3.3 Stability of the four bar knee similar to 

human knee: 

 
Single axis four bar knee has the value α = 0 at the 

erect position. It becomes unstable when the knee 

begins to flex as α becomes negative. For a 

polycentric four bar knee, α is always positive even 

though the value becomes smaller and smaller as the 

angle increases.  

Another important factor in the design of prosthetic 

knees is the placement of the devices axis to the 

weight bearing load lines. By characterizing the 

design parameters of stance-phase stability, toe-

clearance to initiate the swing phase, maximum 
knee flexion angle and thigh portion length the best 

location for the axis is posterior. The stance phase 

draws the load line characteristics to design for 

stability. The toe clearance is dependent on the 

trajectory of the lower limb during the swing phase, 

defined by knee and hip kinematics in relation to the 

ground. 

In Figure 3.3 Forces acting on the knee joint are 

represented in two parts. Fig (A) shows the force in 

the tibia region. The ground reaction at toe is Rv and 

Rh.  

Considering moments about G, it is found that P X a 

= E X b --------(3.1) 

 
 

Here E denotes the force required to be exerted by 

the person during the swing movement. Since b is 

larger, the effort becomes small and manageable. 

Similarly Fig (B) shows the reactions in femoral 

region. W and I are the forces actually exerted by 

the person at the hip joint. 

Considering moments about T, we find that E X Y2 

= F X Y1 ---------------(3.2) 

Here F is the component of force applied by the 

limb to hold knee in extended position, during 

extension. Since Y2 is less than Y1, the overall value 
of effort on knee (E) is considerably smaller.   

 
The impact of this analysis can be clearly evident 

when there is a raise in the knee centre due to 

extension. When knee centre is raised, the values of 

P and ‘a’ remain unchanged in equation (3.1), while 
the value of b is increased, resulting in the reduction 

of the value of E, which gives the mechanical 

advantage of the joint. Also when we consider 

equation (3.2), we find that rise in knee centre 

causes providing leverage to the limb reducing the 

value of F and hence the value of E is proportionally 

reduced.  

Shortening and lengthening of the limb is also one 

of the important factors for the design of the 

prosthetic knee. When swing phase is considered, 

human knee joint originally shortened to provide for 
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floor clearance. In the four bar prosthesis also, such 

a shortening is provided due to flexion inclination. 

If we consider, the length of TA line taking K as 

centre we have A1 as thigh length and B1 as the 

below knee (shin) length, we define a new 

parameter C as the sum of A1 and B1. 
At full extension C1 = A1 + B1.  

The mid swing position, i.e., the knee flexion of 650 

was defined to be the one of the benchmarks of the 

design of prosthetic knee. At this position (Fig. 3.4), 

shortening is provided as discussed above due to the 

inclination of flexion link. 

The value of C2 is now C2 = A2 + B2.  

Since the length is shortened C2 < C1. The 

difference between these two values is defined by a 

new parameter L such that Lm = C1 – C2, where Lm 

is the value of factor L at mid position i.e., at 65 

degree flexion. 
The acceleration and deceleration of the prosthetic 

knee as a four bar mechanism is similar to the 

pendulum. In the four bar prosthesis, the movement 

of instantaneous centre is in relation to the swing. If 

it moves proximally, it reduces the shin movement 

and then results in deceleration. If it moves distally, 

shin movement is increased and this results in 

acceleration. 

Sitting appearance and comfort were attributed to 

placement of the knee axis at the posterior of the 

knee joint and increase in thigh length over the 
shank length was found to be more desirable. Also 

900 also need to be considered for stability as it is 

also one of the most common positions used by a 

human being. 

Here a new parameter K is defined as the distance 

between the intersection of TA line (C) and the most 

distal position of thigh (D) as shown in the figure 

4.5 B. Again stability is achieved due to flexion at 

this position. This parameter K is expected to 

provide cosmetic advantage of the mechanism of 

four bar knee prosthesis. Also at this position Ls = 

C1-C3 where C3 = A3 + B3 and Ls is the value of 
factor L at sitting position. And since the flexion 

position is desired, in this case also positive value of 

Ls is desired. 

3.6. Materials Used for making the Prosthetic 

Knee: 

1. Acrylonitrile butadiene styrene (ABS) plastic: 

2. Titanium: 

Apart from the ABS plastic and Titanium, 

conventional materials like steel, aluminium are 

chosen as the prosthetic knee materials in this work. 

 

4. The Design and Analysis: 

 

The methodology for the study is described by the 

creation of knee instability diagrams. These 

diagrams depict regions of instability at the stance 

phase and thus allow for a better design by avoiding 

these regions. The maximum loads are found on toe, 

strike during swing phase initiation and heel, strike 

during the stance phase initiation. This allows us to 

define stability as a function of the line of action of 
these loads placed on the prosthesis, referred to as 

load line vectors. 

Thus by evaluating the effects of these load line 

vectors (a) originating at the toe, (b) passing through 

the main knee axis and (c) passing through control 

knee axis, the regions of instability were assessed 

and avoided as much as possible while creating the 

new prototype. The article goes on to explain why 

the subjects preferred the new knee design and 

expressed the importance of instability zone 

modelling by promoting the stance phase stability in 

design. The relevance to our project is that our 
prototype design closely relates to the one described 

in the above article. The importance of load lines 

and stability of the stance phase allows us to define 

the conditions necessary for our FEA analysis. 

For the design to be optimal, it should have less 

weight at optimal strength. Hence the materials with 

high strength that can be used for manufacture of 

various parts of a prosthetic limb are also studied in 

this work. Various parts of the prosthetic limb are 

designed and assembled. The design and 

development of a side clamp has been studied and 
its deflections when forces applied are considered. 

Materials for different parts of the prosthetic limb 

are studied. The analysis of a side clamp used in the 

design of a prosthetic limb is undertaken and an 

optimal design for the side clamp is proposed. 

Aluminium alloy and steel and titanium and 

considered for analysis. The design and analysis 

was done using Solid Works and Cosmos Works. 

Designing of prosthesis inculcates in itself 

knowledge and understanding of a number of fields 

and collaborating with specialists in medicine and 

manufacturing to come up with an efficient 
prosthesis. This includes requirements and data 

collection from patients for generalizing the 

prosthesis components, bio mimetic shapes based on 

measured data, biomechanics studies for functional 

and motions, mechanical design based on basic 

shapes and motion requirements revealed during 

biomechanics study (since natural joint’s bones are 

coupled by ligaments), prototyping to check the 

functional aspects, material selection (biocompatible, 

high strength to weight ratio). 

Once a simple design of prosthesis is ready, implant 
ability issues (design for ease of implantation) are 

verified with the surgeons and also to check the 

effect of prosthesis components on other contact 

elements. Major design consideration must also be 
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given to revision surgery, since the prosthetic joints 

may loosen or break inside the body. Manufacturing 

issues also needs to be considered. Based on the 

surgeons and manufacturing engineer’s comments 

the final design will be made and used for testing. 

4.1 Components of Prosthetic knee assembly 
model: 

The Prosthetic Knee is made of 5 separate 

Components assembled later. They are: Top, bottom, 

body, bolt and washer all made in Solid Works. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Load characters: 

 
For the prosthetic knee, three different walking 

positions are considered under various loads. This is 

necessary to substantiate that the component is 

adaptable for general usage. The first two, LCI 

(loading condition one) and LCII (loading condition 

two) simulate the two most extreme loading 

conditions during the gait cycle. These occur shortly 

after heel-strike during load response when the 

prosthesis accepts the user’s full weight and in the 

very next step-up, just prior to toe-off, as the user 
propels him forward on the ball of the foot. The third 

loading condition, KL (knee lock) tests the locking 

mechanism. Such a mechanism ensures that the knee 

will not inadvertently bend when the user loads the 

limb. 

Gait cycle loads at three conditions and load on 

assembly at after heel strike condition are shown in 

Table. 
 

Load Conditions Magnitude (Newton) 

Heel-Strike 4480 

Toe-off 4025 

Knee lock test 3500 

 

Analysis of the joint: 

COSMOSWORKS software is used and a simple 

mesh is shown in the figure using the maximum 

loading. 

 

 

Analysis is done for different materials by applying 

loading and evaluating VonMises Stress, 
displacement etc. And then conclusions are drawn. 

 

5.Results and  conclusion: Using Steel, Aluminium, 

ABS Plastic and Titanium, the analysis is done and 

results are represented in the form of graphs and table 

as shown below. 
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Conclusions: 

From the results obtained, the following conclusions 

are made in this work. 

 

VonMises stress for all materials is far less than yield 

stress of respective one. 

 

Out of all the materials, ABS plastic show minimum 

VonMises stress and maximum for Steel, whereas 

displacement is minimum for steel and maximum 

for Aluminum. 
Biocompatibility is good for Titanium when 

comparing with ABS plastic but cost point of view 

Titanium too expensive. So ABS plastic is 

suggestible as prosthetic knee material. Since their 

Biocompatibility, VonMises stress & displacements 

are less in the same spectrum. 
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