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Abstract- The main aim is to develop the three dimensional solid finite element model of knee joint to predict stress in its 
individual components (Femur, Tibia, Fibula and Menisci) and to determine the load carried by a pre – selected ligamentous 
tissue. This work assists to analyze a knee response to a dynamically applied load. This simulated analysis will serve to be an 
alternative approach to destructive tests and intrusive procedures and helps to achieve closer simulation to reality. The main 
expectation is to simulate the whole articulation using three dimensional solid models. This paper will aid to control the 
geometry of movements of knee joint. This Modeling will be helpful to study underlying mechanisms for knee injuries. 
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I. INTRODUCTION 
 
The knee-joint was formerly described as ginglymus 
joint or hinge-joint and it is one of the most complex 
joint in the human body. The knee joint components 
include meniscus such as lateral menisci and medial 
menisci, then bones such as Femur, Tibia and Fibula, 
then ligaments such as anterior cruciate ligament, 
posterior cruciate ligaments, medial collateral 
ligaments and lateral collateral ligaments. Ligaments 
are necessary to stabilize knee joint. It will injure 
when it surpass its biomechanical limitations. The 
bifurcated distal end of the femur is formed by condyle 
which articulates on the medial and lateral meniscus. 
These articulations facilitate flexion-extension, 
abduction -adduction as well as internal-external 
rotation. Thus mechanics of knee joint involves 
rotation, sliding and rolling motions in multiple 
planes. During flexion and extension its axes were not 
precisely in right angles. The elbow joint is another 
hinge type joint in the human body. Its components 
include three bones humerus in the upper arm and the 
radius and ulna in the forearm.  The splitting distal 
end of the bone in upper arm is formed by the trochlea 
and capitulum which articulate against the bone in the 
forearm. These junctions facilitate flexion and 
extension, pronation and supination as well as 
abduction and adduction respectively. The ligaments 
in the elbow joint are stronger and less prone to 
frequent injury comparing to ligaments in knee joint. 
When elbow is extended, the humerus and ulna 
coincide on longitudinal axis where as in flexion both 
bones will almost be parallel to each other. The main 
difference between these joints is during the flexion 
and extension which is accompanied by rotary 
movements associated with fixation of limb and 
stronger ligaments provides greater stability in elbow 
joint. The other joints in human body includes hand 

joint, wrist joint, vertebral joint, hip joint, foot joint 
and so on. 
 
The full extension to full flexion motion during 
squatting may be described in three stages.  
 
The First stage, in the fully extended condition, the 
medial and lateral condyles on femur rest on the 
corresponding portions of the meniscus along with it 
anterior cruciate ligament will be in complete rest 
where as posterior cruciate ligament will be  in full 
tensile condition. The condyles of the femur will be in 
the anterior portion of tibio-meniscal surface.   The 
movements forward of the lateral condyle cause the 
medial condyle to drag with meniscus to travel 
backward and medialward, to produce internal 
rotations on the knee and vice versa produce external 
rotations of the knee. During this engagement of the 
femur and tibia, it shows almost no motion in this 
stage. 
 
In the second stage, during the flexing of bone from 
the extended position, the gliding movement starts 
and the condyles of the femur gradually shifts 
backward. During this movement, only a portion of 
femoral condyle will be in contact with the meniscus. 
The movement of femur during flexion will be 
corresponding to the tibia. The adduction and 
abduction rotations occur during this stage. The 
posterior cruciate ligament will be stronger than 
anterior cruciate ligament due to its combination of 
two bundles together which supports in both flexion 
and rotation. 
 
The Third stage, in the full squat condition, the 
posterior portion of the femoral condyle rest on the 
corresponding meniscus and in this position a slight 
amount of simple rolling movement is allowed along 
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with it anterior cruciate ligament is in complete tensile 
condition where as posterior cruciate ligament will be 
in complete rest.   
 
The different conditions of damage to the knee include 
anterior cruciate ligament tear occurs often when knee 
get twisted especially during the sudden fall, advanced 
arthritis occurs as a result of progressive mechanical 
degeneration such as wear and tear, baker’s cryst is a 
condition which produce too much fluid in the knee as 
a result problems such as arthritis or a cartilage tear, 
condromalacia patella occurs due to repetitive stress 
on the knee joint, discoid meniscus occurs due to 
thickening of the meniscus and as a result, its shape 
changes from narrow crescent shape to fuller crescent 
shape usually affects lateral meniscus, fractures are 
often as a result of serious injuries such as accidents, 
lliotibial band syndrome can be the result of extreme 
stretching, abnormalities in anatomy or imbalance of 
muscles, knee bursitis can be the result of 
inflammation of a small fluid filled, pad like sac 
known as bursa, lateral patellar compression 
syndrome can be the result of increased lateral 
pressure on the knee cap, medial collateral ligament 
tear can be the result of valgus stress to the slightly 
bent knee, mechanical disorders can be as the result of 
interference with the normal joint motion, meniscal 
tear occurs during twisting or rotation of knee when 
the entire body weight acts on it, Osgood-schlatter’s 
disease can be the result of inflammation of the tendon 
below the knee cap, posterior cruciate ligament tear 
can be the result of forceful hyperextension especially 
during sudden fall, patellar dislocation can be the 
result of sudden twist of the knee, patellar tendinitis 
can be the result of overuse of the existing knee injury, 
patellofemoral chondrosis can be the cause of loss of 
the smooth cartilage at the backside of the knee cap, 
pseudogout can be the result of calcium pyrophosphate 
dehydrate crystal deposition near by the tissue 
attachment sites , tibiofemoral chondrosis can be the 
result of crack propogation in cartilage between femur 
and tibia. 
 
The recent development of cad after 1970’s promotes 
various treatments for knee injuries, such as ligament 
reconstruction surgeries using auto-graft, allograft 
and from cadaver. Before reconstructing a ligament on 
the human body, its biomechanical behavior and 
properties needs to be tested to avoid auxiliary 
surgery. Biocompatible materials can be evaluated 
through various mechanical testing can be 
superimposed by finite element method simulations 
which will reduce both time and money drastically. 
Several analyses have been used to carry out in 
biomechanics, often focused on biomechanical 
behavior of bones, ligaments, tendons and cartilages. 
The proposed methods in Knee biomechanics may 
helps in diagnosis, surgery, prosthetics development 

and rehabilitation. It also provides information on 
movements of body, benefits of muscles and various 
causes of injuries and its preventions. 
 
To perform a finite element analysis, foremost thing is 
to create a knee model. Construction of bone models is 
performed usually on the basis of CT (computed 
tomography) scans. 
 
II. METHOD 
 

A. 3D CAD Model 
Computerized tomography (CT) scans of human knee 
were used to capture bone geometry. CT scans were 
obtained from a 22 year old healthy male volunteer. 
Scanning was carried out on the left knee. Mimics 
calculate surface 3D models from stacked image data 
such as CT images through image segmentation.  
 
The process was conducted in all three orthogonal 
planes by rotation and translation of CT images until 
the corresponding structures were matched. 
Subsequently, 3D geometry of the knee joint was 
reconstructed from high resolution CT images at 
intervals of 0.5mm in all three anatomical planes 
using Mimics software.  
   
The 3D scanned data were transformed into highly 
accurate surface, polygon and native CAD models 
using Geomagic studio software. In case of error in the 
Mimics model, it can be rectified in Geomagic studio 
software. The generated surface model was converted 
in to iges format.   
 
The surface model from Geomagic studio was 
converted into solid models in CATIA software. Both 
meniscus and ligaments were designed in CATIA as 
different components. The data’s for length and cross 
sectional area of ligaments, ligament insertion sites, 
menisci peripheral length range, area of Contact 
points of meniscus were obtained from previous FE 
and experimental studies. At last stage of the design; 
bones, meniscus and ligaments were assembled in 
CATIA. 
 

B. Finite Element Mesh 
The assembled solid Model from CATIA was 
converted to surface model in Hypermesh by deleting 
the solid body. The intersection surface in the 
assembly model was trimmed. The intersection 
surfaces which were improper, was recovered with 
proper surface from the other proper end of the 
component. The surfaces were made proper using 
toggle edge. 2D elements were created by selecting the 
surface of the single component at once and triangular 
mesh of element size 0.5mm was given to get the 
accurate results. The edges were repaired by replacing 
the nodes properly.  
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The error check methods for triangular elements were 
carried out to improve the quality of poor 2D elements. 
Aspect ratio, length, minimum angle, maximum angle 
were taken into consideration on triangular element. 
Aspect ratio in 2D elements was calculated by 
dividing the maximum length side of an element by 
the minimum length side of the element. The 2D 
elements violating the threshold limit were corrected 
by swapping the edge and optimizing the element. The 
poor quality elements were optimized and improved. 
The 3D elements were created with tetrahedron 
elements. After rectifying the free edges and ensuring 
the mesh was an enclosed volume the triangular 
elements were converted to tetrahedron elements. 2D 
triangular elements and surface model were deleted 
before the final submission. The element was defined 
as C3D4 which supports 3 rotations and 3 translations 
on every node of the element. 
 

A. Contact Definition: 
The contact surface on solid face was created on the 
interacting area of the multiple components as master 
surface on one component and slave surface on the 
other component. Tie contacts were created between 
the master surface and the slave surface. These 
contacts were reviewed and verified. 
 

B. Load and boundary conditions for the joint 
modeling: 

When standing erect in the attitude of “attention”, the 
weight of the body transmits to the centers of the 
meniscus in knee-joints. This however, is prevented 
by the tension of the anterior cruciate ligament. The 
load collector was defined to provide access to the 
loads and boundary conditions. The boundary 
conditions were specified at the bottom of tibia and 
femur in form of constraints of all degree of freedom. 
The new component rigid was created with single 
master node as independent node and multiple slave 
nodes as dependent nodes on top portion of femur. The 
load was given in the master node in the negative z 
direction which is similar to the human body weight. 
The node and element set was created for defining the 
node and element output. The load step was defined 
and output block was created with node output and 
element output request.  The node output request 
includes displacement and element output request 
includes strain and von misses stress. 

C. Material Properties: 
The Young’s modulus value for bones, ligaments and 
meniscus were given as 13500 MPa, 1800 MPa, and 
500 MPa respectively. The Poisson’s ratio for bone, 
ligaments and meniscus were given as 0.30, 0.30 and 
0.40 respectively. The stiffness of ligaments was 
higher than menisci and lower than bones. The 
approximate stiffness properties of native ACL is said 
to be 243 N/mm and the quadrupled hamstring 
auto-graft is said to be 777 N/mm. Mostly, this is the 

graft being replaced for ACL reconstructions. As 
stiffness is inversely proportional to flexibility, the 
patients after post ACL surgery requires progressive 
stretching exercise to make replaced graft as like 
native graft. The properties for materials were created 
and assigned. 
 
III. RESULTS  
 
The results obtain from finite element analysis during 
the application of three different compressive loads 
such as 100N, 200N and 300N were assessed. There 
was a significant change in stress and strain value 
with step-by-step increase in the load. 
 
On all three cases, stress and strain increases 
gradually on both the lateral and medial meniscus 
where the femoralcondyle comes in to direct contact. 
 

D. Von Mises stress: 
During normal straight stands on both legs, load gets 
distributed more on the medial condyle comparing to 
lateral condyle, whereas while lifting one leg and 
standing on the single leg, load gets distributed more 
on the lateral condyle comparing to medial condyle. 
 
The stress values of an element in the middle part of 
medial meniscus were 0.1072 MPa, 0.2145 MPa, and 
0.3217 MPa whereas stress values of an element in the 
middle part of lateral meniscus were 0.1956 MPa, 
0.3912 MPa and 0.5868 MPa respectively. 
 

 
Fig.1. Stress on the medial (left) and lateral (right) meniscus 

under 100N compressive load 
 

 
Fig.2. Stress on the medial (left) and lateral (right) meniscus 

under 200N compressive load 
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Fig.3. Stress on the medial (left) and lateral (right) meniscus 

under 300N compressive loads 
 

E. Strain: 
The strain values of an element in the middle part of 
medial meniscus were 0.0002, 0.0004 and 0.0006 
whereas strain values of an element in the middle part 
of lateral meniscus were 0.003, 0.007 and 0.0010 
respectively. 
 

 
Fig.1. Strain on the medial (left) and lateral (right) meniscus 

under 100N compressive loads 
 

 
Fig.2. Strain on the medial (left) and lateral (right) meniscus 

under 200N compressive loads 
 

 
Fig.3. Strain on the medial (left) and lateral (right) meniscus 

under 300N compressive loads 

IV. DISCUSSION 
 
In this analysis, the stress and strain on the lateral 
meniscus is seems to be little higher than on the 
medial meniscus. On previous study, it states that the 
distribution of the load will be even on both the 
meniscus and here it is more or less the same.  We did 
not measure the stress and strain on any ligaments, 
since we designed the study to look for the 
load-displacement response of the meniscus.  
 
The finite element model to predict the stress and 
strain in the meniscus makes it a valuable resource to 
study portions of the biomechanical behavior of this 
complex knee joint.  
 
CONCLUSION 
 
Finite element analyses were performed to determine 
the displacement on the meniscus. It is considered that 
the current analysis work would be the prerequisite in 
the design and the development of the bio models and 
aid in further enhancing the treatment of bone 
fractures, ligament tears and so on.  
 
The developed FE model can be refined to simulate 
dynamically to assess the complete gait cycle. The 
authors wish to express their gratitude and 
appreciation to the Department of Mechanical 
Engineering, SRM University, Kattankulathur, Tamil 
Nadu, India for the support provided to perform this 
research. This research forms a part of the 
requirements of the degree of Master of Technology. 
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