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Abstract 

Reason: In the human knee joint,degenerative joint contamination may occur with the path 

of time. The regular treatment of this contamination is the all out knee substitution through 

prosthesis implanting.The cause lies inside the way that this surprise makes numerous 

fabric scraped vicinity as examine unadulterated sliding or rolling on my own. This 

examination centers round building up a knee prosthesis geometry, which satisfies the 

mechanical and kinematical requirements.Method: The MSC ADAMS application is 

applied to portray the revolution of the human knee joint as an element of flexion, and to 

explore how the flexion and pivot improvement adjustments among the condyles of a 

multi-frame version of the knee prosthesis as an detail of flexion facet (within the sensible 

curve of the knee (20-120º)). Also, the multi-frame version with indistinguishable limit 

conditions is installed and the numerical recreations are completed using the 

MSC.ADAMS software device.Results:It is reasoned that the utilization of the multi-body 

version diminishes time and fee since it would not should make the tibia and the femur 

because it requires for the knee prosthesis of the test gadget. Additionally, with out 

estimating or by means of forgoing a take a look at device for the knee prosthesis 

geometry, guess of the consequences of our version to a human knee is accomplished at 

once.Conclusion: The instance obtained by using the multi-body version offers a 

understanding to future check assessments recognized with the revolution and flexion of 

the knee joint regarding the real regular and rubbing load. 

Keywords: Biomechanics, knee joint, rotation, flexion, kinematics, MSC ADAMS. 

 

1. Introduction  

The human knee joint is vital and the most 

complicated joint of the human body, but it is 

also very vulnerable. Due to joint disorders 

(mainly gonarthrosis), it is necessary to install a 

prosthesis in the knee joint. In many cases, they 

need to be replaced over time due to loosening 

or worn out prosthesis. In order to have the 

kinematic characteristics of the prosthesis as  

 

close as possible to the healthy knee joint and 

to make it less necessary to exchange them. The 

kinematic joint needs to be known, in the 

knowledge of kinematics, knee people are 

researching the kinematic joint, however, the 

methods and evaluations used by the 

researchers different from many perspectives, 

so their results cannot be compared, 

accordingly there is no generally accepted 

articular kinematic. 
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Figure 1. knee joint motion in three dimensions, which is described using six independent 

variables(Standring, 2008) 

The knee is the biggest and most convoluted joint 

in the human body (Bert, 2005), (Shi, 2007). The 

knee is a joint interfacing the femur (thigh bone), 

patella (knee top) and the tibia (shin bone). The 

fibula, associated with the tibia, additionally 

shapes some portion of the knee joint. Figure 1 

shows the principle parts of the knee joint. In 

people, the knees support nearly the whole weight 

of the body and are in this way truly powerless 

against damage and to the improvement of 

osteoarthritis.  

Osteoarthritis is the strange wearing of the 

ligament that covers the joints, just as the 

abatement of synovial liquid, which goes about as 

ointment for the joints. This outcomes in second 

rate aggravation of the joints, which prompts 

torment and can enormously influence the 

personal satisfaction of an individual. For 

example, basic undertakings like strolling or 

climbing stairs can get troublesome. Development 

of the knee can be isolated into the two significant 

explanations inside the knee, the tibiofemoral 

enunciation and the patellofemoral verbalization.  

The knee joint has six degrees of opportunity, as is 

appeared in Figure 1. Note that the knee joint is 

anything but an unadulterated pivot joint, however 

moves with an unpredictable arrangement of 

interpretations and revolutions in each of the six 

degrees of opportunity (Michal, 2009).During 

typical flexion of the knee, tibiofemoral 

movement is a mix of sliding and moving 

movement between the reaching tibia and femoral 

condyles. The movement is compelled by the 

geometry of the bones, just as the menisci and the 

strong connections through tendons and 

ligaments. The knee can just arrive at full 

augmentation with a modest quantity of outside 

tibial revolution on the femur because of the way 

that the average condyle is regularly in the request 

for 12 mm longer than the horizontal condyle. 

This tibial pivot is known as the 'screw home' 

system and it permits the knee to be held in full 

augmentation without undue weariness of the 

encompassing muscles (Michal, 2009). The states 

of the articulating surfaces in the knee are the 

most significant factor when managing knee 

development.  

 

Figure 2. The results of different authors (Katona 

et al, 2013) 

Kinematic examinations exhibited by various 

creators show huge deviation (Figure 2).(Akalan, 

2008) A notice must be made that few flexion-

revolution elements of different creators as per 

reality doesn't begin from the origin(Wilson et al, 

2000). Be that as it may, the beginning stage of 

the deliberate bends is changed to the birthplace 

by the greater part of the authors.(lutters et al, 

1997)(Bull et al, 1960) Nevertheless, the majority 
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of them don't demonstrate how this change is 

done. This issue will be additionally talked about 

in the article.(Most et al, 2004). 

"For the development of knee prosthesis 

geometry, it is essential to know the movement 

of the real human knee joint. The 

Biomechanical Research Group of the 

SzentIstván University determined the specific 

rotation-flexion function of the human knee 

joint (Fig. 3.). The movement was with three 

linear functions approximated as the movement 

has three main phases. That function is the so 

called reference function (Katona et al, 2013). 

For a prosthetic geometry development, this is 

used such as input parameter to be achieved. 

The research group has developed for the 

cadaver machine a knee prosthesis measuring 

and qualification system. In this case the new 

prosthesis geometry can be adequately tested 

and compared with the cadaver results." 

 

Figure 3. The results of different authors(Katona 

et al., 2015)(Katona et al., 2015)(Katona et al, 

2013). 

As indicated by means of those investigations, on 

account of trial testing of prosthesis substances, 

the sliding-shifting proportions are normally 

applied between zero.3-zero.Four within the scope 

of zero to 30º flexion side. Over this unique side, 

just McGloughlin and Kavanagh (Chittajallu, 

1999)finished analyses and demonstrated that the 

sliding-moving share arrives at higher qualities, in 

spite of the reality that they failed to make use of 

proper prosthesis segments however as a 

substitute a chamber and a degree plate.  

 

With respect to the numerical displaying side, 

likely the most punctual version that explored the 

sliding-moving marvel is credited to Chittajallu 

and Kohrt(McGloughlin, 1998). Generally, their 

version is regularly similar to a firmness model 

that thinks about all of the sizable tendons, 

however it is able to likewise compute the sliding-

transferring proportion. The percentage was 

characterized as follows: an estimation of one 

speaks to unadulterated transferring; limitless 

speaks to unadulterated sliding; while moderate 

qualities talk to the blends of the two wonders. 

The good sized inconvenience on this model, 

other than the misrepresented surfaces (the femur 

is a circle, and the tibia level is a degree plate), is 

that the bodily translation of the features amongst 

one and boundless isn't clear.  

 

2. Materials and techniques  

Kinematic investigations exhibited by various 

creators show a large deviation inside the (Figure 

2), it's miles basic to realize the development of 

the real human knee joint this is we see in 

(Figure2).  

As we find inside the (Figure3) the outcomes 

various creators, they may be turned into made 

humans as parametrial fashions in Solid Edge ST9 

condition. They are produced with the innovation 

3D printing and analyzed at the knee prosthesis 

test rig. The premise of our functionality is the 

determined assessment among the reference 

ability and prosthesis geometry created work.  

For the advancement of knee prosthesis geometry, 

we can make use of the ADAMS application with 

out to utilize 3-d printing or CNC processing, we 

want to take the easy and quick path with out 

assembling and without estimating, so this is the 

cause we select the ADAMS program.And we can 

think about our results from our new model of the 

ADAMS software with the results for the 

prosthesis from the check rig.  

Wewill evaluation and a take a look at rig results 

on account that our results from ADAMS program 

and the consequences for take a look at rig them 

two it is not truth estimating, so from the outset, 

we will enhance the new version in ADAMS 

software after that we are able to make use of this 

model to assessment and reality knee 
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straightforwardly with out assembling and 

estimating.  

2.1. Multibody Model:  

In the wake of making the geometrical version, 

multibody version had been worked with 

MSC.ADAMS software framework. The 

accompanying restriction situations have been 

carried out on every version (Prosthesis 1, 2, 

three, four, five) indistinguishably:  

−The femur distalis turned into pressured by a 

GENERAL POINT MOTION, where each one of 

the directions may be recommended (Figure 

three). Just a single treatment changed into set: the 

endpoint of the femur (distalis) can simply 

perform translational motion along the y-pivot.  

− The Knee a few part of the model changed into 

compelled by way of a CYLINDRICAL JOINT, 

which lets in revolution quite a great deal all 

tomahawks, (Figure three). By applying this 

imperative, the tibia can play out a characteristic 

revolution and a kinematic examination can be 

finished in a in addition record.  

− Only the patellar ligament and the rectus 

femoris have been considered within the 

numerical-kinematical version. Them  were 

proven as simple direct springs (SPRING 

component see Figure 3). As in keeping with the 

writing, the firmness coefficient of the rectus 

femoris may be found somewhere within the 

variety of 15 and 83 N/mm (Thelen et al., 

2005)(Frigo et al., 2010), 

thereforethisparameterwas set to 40 N/mm, as a 

normal well worth, at the same time as a damping 

coefficient of 0.15 Ns/mm wasattributed to all 

ligaments to forestall motions in the framework 

(K.P.Granata, 2002) (V.C.Mow, 1991). The 

patellar ligament changed into set to inextensible.  

− Between the femur, tibia and patella, 

CONTACT imperatives had been set via 

Coulomb's law as for the extremely low static and 

dynamic erosion coefficients (µs = 0.04 µd = 

0.03) likewise to real joints(Qian et al., 

2006)(V.C.Mow, 1991) (Figure three). With this 

compel, the lively connection among the ordinary 

and rubbing powers (Fn, Fs) and the flexion point 

can be examined.  

−A FORCE VECTOR was implemented on the 

femur distalis (Figure three) which spoke to the 

heap of the frame weight (BW). The quantity 

turned into set to 800 N (1 BW). The use of the 

vector become characterized through a STEP 

paintings (STEP (A, x0, h0, x1, h1)), implying 

that the electricity quantity enormously 

accelerated in a particular timeframe (STEP (time, 

0.0, 0.0, zero.03, - 800)) until it arrived at its most 

severe really worth (Figure four). By stacking the 

model with this approach, starting unbalances 

could be sidestepped. 

 

Figure 3. Multibody model in the MSC.ADAMS. 
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Figure 4. Step function in MSC.ADAMS. 

 

  

Figure 5. Multibody model in the MSC.ADAMS 

"

IN the case of everyday flexion or extension of the 

human knee joint, the local kinematics of the 

patellofemoral joint can be characterised as partial 

rolling and sliding. This unique motion is 

underneath the control of the connecting femoral 

tibial surfaces and the connecting ligaments. The 

particular ratio of the slidingrolling phenomenon 

at some stage in the energetic practical arc of the 

knee is presently unknown, although it is 

generally hooked up thru the early works of 

(Zuppinger, 1904) and Braune et al. (Braune, 

1891)that up to 20-30˚ of flexion attitude rolling is 

dominant, while beyond these angles the roles 

invert, and sliding turns into prevailing." 

 

 Mu Static: 

A coefficient of friction is a value that shows the 

connection a few of the force of friction between  

gadgets and the normal response many of the 

gadgets which might be concerned. It is a fee this 

is once in a while utilized in physics to find out an 

object's normal pressure or frictional pressure 

when distinctive strategies are unavailable. The 

coefficient of friction is demonstrated    

F_f=μF_n.        (1) 

in which F_f is the frictional stress,μ is the 

coefficent of friction, and F_n is the normal strain. 
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The coefficient μ can be  various matters. It is 

each the cofficient of Static friction μ_s, or the 

coefficient of Dynamic friction. 

The frictional force or force of friction can be 

expressed as: 

𝐹𝑓 = 𝜇𝑁 

𝐹𝑓 =is the frictional force (in Newtons). 

𝜇 =is the static (𝜇𝑠) or kinetic (𝜇𝑘) frictional 

coefficient (dimensional) and N is the normal 

force (in Newtons). 

It may also be understand as friction it's miles 

represnted as (f). 

"The coefficient of friction depends at the items 

which might be inflicting friction. The price is 

generally among 0 and 1 but can be extra than 1. 

A fee of 0 way there is no friction at all between 

the items; such is feasible with Superfluidity. All 

objects, in any other case, may have some friction 

once they touch every different. A value of one 

means the frictional force is same to the regular 

force. It is a misconception that the coefficient of 

friction is limited to values among 0 and one. A 

coefficient of friction that is a couple of just way 

that the frictional force is stronger than the normal 

pressure. An item along with silicone rubber, as an 

example, may have a coefficient of friction a good 

deal greater than one." 

 Mu Dynamic: 

Dry grinding opposes relative horizontal motion 

of  in quantity surfaces in contact. The  systems of 

dry grating are 'static erosion' ("stiction") between 

non-shifting surfaces, and lively rubbing (every 

now and then referred to as sliding touch or 

dynamic grinding) amongst shifting surfaces. (Air, 

1921). 

Coulomb rubbing, named after Charles-Augustin 

de Coulomb, is a hard shape used to check the 

weight of dry grating. It is run with the aid of 

approach for the variation:  

F_f≤μF_n(2)  

Where  

F_fis the electricity of rubbing implemented via 

way of every floor on the inverse. It is similar to 

the surface, in a way rather than the internet 

implemented power.  

μis the coefficient of grinding, this is an 

observational matters of the achieving materials.  

F_nis the normal weight carried out by method of 

each floor at the threat, coordinated opposite 

(often) to the ground.  

Edge of grinding:  

For the most body of thoughts of static grinding 

amongst granular materials, see Angle of 

relaxation.  

For extraordinary bundles, it is extra precious to 

symbolize static rubbing in expressions of the 

most body of mind earlier than which one of the 

matters will begin sliding. This is alluded to as the 

body of thoughts of contact or grating mentality. It 

is characterized as:  

in which θ is the edge from stage and μ_s is the 

static coefficient of contact a few of the gadgets. 

(Nichols, 1898)This approach moreover can be 

utilized to compute µs from observational 

estimations of the touch attitude. 

 

Figure 7. Angle of friction, 𝜃, when block just 

starts to slide. 

 Initial overlap: 

Characterizes the underlying cowl of the sliding 

components in either a translational or tube 

shaped joint. The joint's bowing minute is isolated 

with the aid of the cover to register the twisting 
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minute's dedication to frictional powers. (PengGe 

et al, 2008).  

The default i a thousand.0, and the range is Initial 

Overlap > 0.  

• Overlap will:  

To symbolize rubbing in a barrel formed joint, 

Adams/Solver figures the quilt of the joint. As the 

joint slides, the duvet can increase, decline, or live 

constant. You can set: (PengGe et al, 2008)  

• Increase indicates that cowl increments as the I 

marker deciphers the wonderful manner along the 

J marker; the slider actions to be inside the joint.  

• Decrease demonstrates that the cover diminishes 

with advantageous interpretation of the joint; the 

slider moves out of doors of the joint.  

• Remain Constant demonstrates that the measure 

of cover would not alternate because the joint 

slides; everything of the slider stays in the 

joint.The default is Remain Constant.  

• Bending Factor:  

Twisting is an assembling technique that promises 

a V-form, U-shape, or channel form alongside a 

straight pivot in pliable substances, maximum 

normally sheet steel. (Manuf, 1994)Commonly 

utilized tools comprise box and skillet brakes, 

brake presses, and other precise machine presses. 

Ordinary items that are made similar to this are 

packing containers, for example, electrical fenced 

in areas and square air flow work.  

• Bend recompense:  

The twist remittance (BA) is the duration of the 

round section of the unbiased line among the 

digression purposes of a curve in any fabric. 

Including the period of every rib taken between 

the focal point of the range to the BA gives the 

Flat Pattern duration. This twist recompense 

equation is utilized to decide the extent instance 

duration while a curve is dimensioned from 1) the 

focal point of the variety, 2) a digression reason of 

the sweep or 3) the outdoor digression motive of 

the span on an intense facet twist.. 

The BA may be evaluated making use of the 

accompanying recipe, which consolidates the 

observational K-factor: (De.Vin, 2001). 

𝐵𝐴 = 𝐴  
𝜋

180
  𝑅 +  𝐾 × 𝑇                                               

(3) 

𝐵𝐷 = 2 𝑅 + 𝑇 tan
𝐴

2
− 𝐵𝐴                                               

(4) 

For bends at 90 degrees this formula can be 

simplified to: 

𝐵𝐷 = 𝑅 2 − 𝐴 + 𝑇 2 − 𝐾𝐴                                                        
(5) 

 

 K-factor: 

""" 

𝐾 =
−𝑅+

𝐵𝐴

𝜋𝐴 /180

𝑇
                                                                     

(6) 

 

Figure 6. parameter for friction multibody. 
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3. Results  

The simulations have been carried out on 

ADAMS model and the following results are 

derived.  

 ADAMS model with different position:  

1- ADAMS model at the position 25 degree: 

 

 

 

 

Figure8: Multibody Model at 

the position 25 degree. 
 

" 

Figure9: A Graph of Rotation Against Flexion. 

The simulated model is shown in Figure 8. A 

graph of rotation against flexion is illustrated in 

Figure.9.  It is noticed a linear variation of the 

angle of rotation with respect to flexion. A steep 

increase in the degree of rotation (the vertical 

axis) from 0° to 4.5°, while the change in the 

flexion ( the horizontal axis) is marginal. The 

significant inception of variation of flexion is 

noticed beyond 4.5° rotation.  The maximum 

elevation of flexion against the angle of rotation is 

found to be 25°." 

2- ADAMS model at the position 50 degree: 

 

 

 

 

 

 

 

 

 

 

 

Figure10: Multibody Model 

at the position 50 degree. 
 

 

Figure11: A Graph of Rotation Against Flexion. 

A grahical illustration of the rotational attitude 

with flexion is depicted in Figure eleven, at the 

same time as the pictorial version is proven in 

Figure 10. It is observed that an growth within the 

degree of rotation(vertical axis) from  zero° to 

4.5°, whereas the flexion(horizontal axis) varies 

narrowly until four.5º. The relative variation of 

the flexion attitude is five instances the rotational 

perspective, which indicates the onset of sliding 

among the tibia and the femur within the knee 

occurs in range of 20°-30˚ of flexion attitude. 
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3- ADAMS model at the position 70 degree: 

 

 

 

 

Figure12: Multibody Model at the 

position 70 degree. 

 

 

" 

Figure13: A Graph of Rotation Against Flexion. 

The multibody model at flexion angle of 70º is 

shown in Figure 12, while the graphical solution is 

illustrated in Figure 13. The rotational angle 

increases upto 8.5 as flexion angle is increased by 

35º. It shows initation of the sliding movement 

between the tibia and the femur in the knee. The 

rolling prevails in the domain of the flexion angle 

varies from 20°-30˚. In addtion, from 30° to 70°, 

there is stability in the angle of rotation as the 

flexion angle increases." 

 

 

 ADAMS model result: 

 

 

Figure14: Multibody Model at the 

position 0 degree. 

 

 

Figure15: Multibody Model at the 

position 110 degree. 

 

Figure16. A graph of rotation against Flexion 
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The pictorial portrayal at diverse edge of 

flexion is appeared in Figures 14 and 15. A 

graphical connection among fringe of roation 

as for the flexion factor is delineated in 

Figure sixteen. It is seen that the surprising 

increment within the rotatational point 

acquires a debatable alternate the flexion side 

till 4.5º. A sharp ascent within the flexion 

factor until 35º is seen beyond the rotational 

edge of four.5º, which demonstrates the 

begin of sliding between the tibia and the 

femur inside the knee. Similary, the flexion 

factor within the scope of 20°-30˚ makes 

joint inclined to rolling, even though the 

stablity inside the rotational side is gotten for 

flexion facet lies in scope of 30° to 110°. The 

increasing flexion element indicates that the 

inclination of sliding is overwhelming.  

 

6. Conclusion  

It is reasoned that the use of the multi-frame 

version diminishes time considering the fact 

that it might no longer encompass the tibia 

and the femur as it calls for for the knee 

prosthesis. Also, with out estimating or with 

the aid of eliminating a test gadget for the 

knee prosthesis geometry, guess of the 

outcomes of our model to a human knee is 

completed straightforwardly.  

 

The multi-frame demonstrating is carried out 

to gauge the quantity of flexion and 

revolution of the knee regarding the situation 

of the knee like augmentation or flexion or 

pivot, just as embeddings a spring amongst 

tibia and femur on the same time as searching 

its results for the perfomance of the knee.  
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