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Abstract 
There are many patients who face a lot of things 

that hurt the knee joint. Knee replacement is the 

best solution to these problems. This research was 

based on reducing the vibrations of daily activities 

as measured by the frequency of foot and knee for 

the patient for three cases when the bare foot, 

sports shoes with ground air and sports shoes with 

ground air with silicon damping. Patient 

information for this work was of age, weight, 

height and leg length 48 years, 90 kg, 160 cm, 84 

cm, respectively. The results was shown that the 

decline in acceleration results was in the case of 

sport shoes with ground air with silicon damping 

with 22.57%, while the decline in vibration results 

was in the case of sports shoes with ground air with 

-54.9%.  

Keywords: Knee Replacement, Vibration, Sport 

Shoes, Foot, Acceleration.  

Introduction  8  
The goal of the study was to analyze and 

minimize the effects of vibration on the 

replacement knee joint alternative to the patient 

during daily activities such as walking, sitting, 

standing and running. A series of mechanical and 

biomedical tests were performed to measure 

vibration data, various techniques were used to 

reduce the effects of vibration.  

Total Knee replacement is also termed as knee 

anthroplasty. A surgical method of replacing the 

load bearing surfaces present in the knee joint so as 

to cure the pain bearing regions and disability areas 

of the joint such as osteoarthritis, ligament tearing, 

cartilage defects and meniscus tearing [1],as shown 

in Figure (1) [2].  

There are three main component of total knee 

replacement: 
The tibial component consists of a high-density 

polyethylene spacer fixed either to a metal tibial 

tray or to an interchangeable modular insert.  

The femoral component is a metallic component 

with rounded surfaces mimicking the normal 

femoral condylar contours.  

The patellar component is usually made up of 

high density polyethylene but can also be metal 

backed. [3]  

1.1 Gait cycle 
The gait cycle is defined as the period from heel 

contact of one foot to the next heel contact of the 

same foot. This cycle consists of two parts, stance 

and swing phase. On average, the gait cycle is 

about one second in duration with 60% in stance 

and 40% in swing. It has eight sub-phases which 

assist in determining overall coordination of the 

limbs, and assessing functional tasks associated 

with walking [4], as shown in figure (2) [5]. 

1.2 Vibration on the replacement knee joint  
Knee joint vibration signals are obtained using 

an accelerometer placed at the mid patella position 

of the knee. These signals are also referred to as 

VibroArthrographic (VAG) signals. These signals 

can be used to design a computer-aided diagnosis 

system for non-invasive detection of knee joint 

disorders. Knee joint vibroarthrographic (VAG) 

signals acquired from extensive movements of the 

knee joints provide insight about the current 

pathological condition of the knee. VAG signals 

are non-stationary, aperiodic and non-linear in 

nature [6]. 
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Figure 1: Total knee replacement component [2].  

 

Figure 2: Phases of gait cycle [5]. 

2 Experimental Procedure   
The objective of the research was to measure 

the vibration and acceleration of a patient with total 

knee replacement by use accelerometer sensor that 

was fixed on the foot and knee position of the 

patient leg by using different damping shoes such 

as without damping, sports shoes with ground air 

and sports shoes with ground air with silicon 

damping during gait cycle, the results that obtained 

from the accelerometer sensor were the 

acceleration results while the vibration results were 

obtained by convert the acceleration results in to 

the EXCEL program and used the Fourier 

transform in excel and  got the vibration figures 

and results  as shown in Figure (3), Figure (4), 

Figure (5), Figure (6), Figure(7), and Figure (8). 

The patient was female and was of age, weight, 

length and leg length of 48 years, 90 Kg, 160 cm 

and 84 cm respectively. The results are then 

transferred to the computer using a device nor axon 

U.S.A. Inc. • 13430 N. Scottsdale Rd., Suite 104 • 

Scottsdale, AZ 85254. Through it results were 

calculated. 

 
Figure 3: Accelerometer sensor. 
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Figure 4: Accelerometer sensor position on the 

patient leg. 

 

 
Figure 5: Noraxon electromyography device. 

 

 
Figure 5: Damping shoes 

 

 
Figure 6: patient without shoe on the treadmill 

force plate with accelerometer sensor 

 

 
Figure 7: patient with sport shoe with ground air 

on the treadmill force plate with accelerometer 

sensor 

 

 
 

Figure 8: patient with sport shoe with ground air 

with silicon damping inside it on the treadmill 

force plate with accelerometer sensor 

 

3 Results and discussion  
Figure (9), Figure (10), Figure (11), Figure 

(12), Figure (13), and Figure (14) show the 

acceleration data for foot and knee joints 

respectively when using different type of damping 

foot. These results are rearranging in Table (1) and 

Table (2) which show that the level of acceleration 

at ankle joint is higher than knee joint this due to 

the fact that the foot is the first part faced the 

ground impact during gait cycle .These results 

exhibit the maximum acceleration in foot is 

recorded when using Athletic shoes with ground 

air with value of 0.59 (N\m2) in X-direction. Also 

the maximum acceleration in knee joint is recorded 

when using Athletic shoes with ground air with 

value of 0.19 (N\m2) in Y-direction. Also results 

display that the maximum reduction in acceleration 

is recorded when using Athletic shoes with ground 

air with silicon damping with percent of 22%. The 

percentage of reduction was obtained by used the 

equation:  

((bare foot - the case of sport shoe with ground 

air with and without silicon damping)/ (bare 

foot)) *100%
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Figure 9: The acceleration – time curves in x-y-z direction for foot for without damping  

 

Figure 10: the acceleration-time curves in x-y-z direction for foot for sport shoes with ground air 
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Figure 11: the acceleration-time curves in x-y-z direction for foot for sport shoes with ground air with 

silicon damping. 
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Figure 12: the acceleration-time curves in x-y-z direction for knee without damping 
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Figure 13: the acceleration-time curves in x-y-z direction for knee for sport shoe with ground air 
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Figure 14: the acceleration-time curves in x-y-z direction for knee for sport shoes with ground air with 

silicon damping. 

Table 1: The acceleration values of the patient.  

Knee acceleration(N\m2) Foot acceleration(N\m2) Type of damping 

Z Y X Z Y X  

0.17 0.19 0.31 0.3 0.49 0.41 Without damping (bare foot) 

0.16 0.19 0.31 0.35 0.5 0.59 Athletic shoes with ground air 

0.15 0.17 0.29 0.21 0.42 0.46 Athletic shoes with ground air 

with silicon damping 



NJES Vol.21, No.4, 2018                                             Chiad et al., pp.486-493 

492 

Table 2: Reduction percentage acceleration compared with without damping case 

Reduction 

percentage % 

Knee acceleration % Foot acceleration % 
Type of damping 

Z Y X Z Y X 

0 0 0 0 0 0 0 Without damping (bare foot) 

20.22 11.7 10.5 6.45 30 14.2 -12.1 
Athletic shoes with ground 

air 

22.57 0 15.78 9.67 53.3 -18.3 7.3 
Athletic shoes with ground 

air with silicon damping 

 
Figures 15 to 20 explain the frequency data for foot and knee joints respectively when using different type 

of damping foot. These results are rearranging in table 3.and table 4. which show that the level of frequency at 

knee joint is higher than foot .Results clarity that the  maximum reduction in frequency was  recorded when 

using  Athletic shoes +ground air with percent  of -54.9% . 

 
Figure 15: the frequency –time curves in x-y-z direction for foot for without damping 

 

4 Conclusions 

1. The maximum reduction in acceleration 

be achieved when using sport shoes with ground 

air with silicon as a damping shoe with value of 

reduction of 22%. 

2. The maximum reduction in frequency be 

achieved when using sport shoes with ground air with 

value of reduction of -54.9%. 
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3. The sport shoe with ground air with 

silicon damping was the best choice for the 

patient with total knee replacement. 
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ϣтвмтЮϜ сІвЮϜ Ϣϼмϸ ̭ϝжϪϒ ϣЯтϸϠЮϜ ϣϠЪϼЮϜ ЬЊУв пЯК ϾϜϾϦкъϜ ϣвЯЛв ϼϝϪϐ дв ϸϲЮϜ 

ϸϝтϮ дϝвЯЂ йЛвϮ дтЂϝт ̭ϝтЎ ϼмж  ϸвϲв ЀϜϼТсжПЮϜϸϠК 
ϣЂϸжлЮϜ ϣтЯЪ Ђϸжкϣ сϦϝтϲЮϜ ϞАЮϜ тЯЪϣ ϞАЮϜ 

ЛвϝϮϣ дтϼлжЮϜ ЛвϝϮ ϣдтϼлжЮϜ ЛвϝϮϣ дтϼлжЮϜ 
 

йЊы϶ЮϜ 
жϦЂϜ .ЬЪϝІвЮϜ иϺлЮ ЬЎТцϜ ЬϲЮϜ мк ϣϠЪϼЮϜ ЬϜϸϠϦЂϜ .ϣϠЪϼЮϜ ЬЊУв рϺϔϦ сϦЮϜ ̭ϝтІцϜ дв ϼтϪЪЮϜ дмлϮϜмт дтϺЮϜ пЎϼвЮϜ дв ϸтϸЛЮϜ Шϝжкϸ 

 ЬтЯЧϦ пЮϖ ϨϲϠЮϜ ϜϺк ϣтϺϲцϜ ϣЮϝϲ сТм ϣтϼϝЛЮϜ аϸЧЮϜ ϸжК дтϦЮϝϲЮ ЌтϼвЯЮ ϣϠЪϼЮϜм аϸЧЮϜ ϢϼтϦм ЀϝтЦ ϞЂϲ ϣтвмтЮϜ ϣАІжцϜ сТ ϤϜϾϜϾϦкъϜ

 ФϝЂЮϜ ЬмАм ЬмАЮϜм дϾмЮϜм ϼвЛЮϜ дв ск ЬвЛЮϜ ϜϺлЮ ЌтϼвЮϜ ϤϝвмЯЛв .сЎϼцϜ ̭ϜмлЮϜ Йв ϣтЎϝтϼЮϜ48  ̪ ϣжЂ90  ̪ аϮЪ160  ̪ аЂ

84 ъϜ дϒ ϸϮм .сЮϜмϦЮϜ пЯК ̪ аЂ ϣϠЂжϠ сжмЪтЯЂЮϜ ϸтв϶ϦЮϜ Йв сЎϼцϜ ̭ϜмлЮϜ Йв ϣтЎϝтϼЮϜ ϣтϺϲцϜ ϣЮϝϲ сТ дϝЪ ИϼϝЂϦЮϜ ϭϚϝϦж сТ ЌϝУ϶ж

22.57 ́ Йв сЎϝтϼЮϜ ̭ϜмлЮϜ Йв ϣтЎϝтϼЮϜ ϣтϺϲцϜ ϣЮϝϲ сТ ϾϜϾϦкъϜ ϭϚϝϦж сТ ЌϝУ϶жъϜ дϝЪ дтϲ сТ ̪-54,9%. 

 ϣтϲϝϦУвЮϜ ϤϝвЯЪЮϜ- ̪ сЎϝтϼ ̭ϜϺϲ ̪ ϾϜϾϦкϜ ̪ ϣϠЪϼЮϜ ЬϜϸϠϦЂϜ ИϼϝЂϦЮϜ ̪ аϸЧЮϜ  
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