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ABSTRACT

In this research elbow flexion has been analyseditae momendf muscles and the reaction force exerted on the
elbow is calculated in the range of motion. The moihof muscles indicate the performance of moveamethe
reaction force of the joint is believed to be origh® most important causes of damage, somethinghwiasn’t
been studied thoroughly enough in previous resezcfio that end, we use ADAMS software which isobriee
most powerful ones available in dynamics analy$hs. results indicate that the maximum torque ofatfme occurs

at 96 degrees and it decreases in the beginning thedend of flexion. The reaction force of the elbio the
beginning of motion is at maximum amount and thesrehses to 107 degrees, and from that point arcieases

up to the end of the motion. These results inditteaethe optimum range of elbow flexion occurshie mid-range

of flexion, approximately at 58-140 degrees.
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INTRODUCTION

considering the progress in human sciences, it Sdlbat, it is possible to use other sciences, affg@ngineering
sciences, mutually. Nowadays, using software inftbld of engineering is very common. Moreover, mfethe

important uses of these software is in modellingc&ise of the developments of sport biomechangmseins that
making use of these kinds of engineering softwame kelp to improve it. Some of the applicationsspbrt

modelling are sport equipment designing, kinematid kinetic human movement analyzing, understanthieg
injury mechanism of joints and tissues, and finttly development of sport activities performances.

Previous research studies show that human movemedeling software has been rarely used and sometime
shows a great difference in comparison to othelyaimg methods such as motion capture, electronayggr and
empirical research. The major advantages of thpgageh include reduction in terms of cost and tiwithout
needing to use human and equipment and increasetieacy of research data. In our study, musclasent and
reaction force exerted on the elbow joint were igtidJoint torque help us determine the range rehgths and
weakness of muscles and the reaction force of lthenejoint is potentially capable of causing haronthe joint.
Figure 1 shows the elbow joint reaction force. Tioixe is measured by the balance of forces and entsnThis
force represents the forces exerted on the ligasreemd joint capsule.
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Muscle Force

Dumbbell force

Figurel: reaction force in elbow joint

For more explanation of reaction force, we breakhip force into two components. The horizantatéomtends
bones far away from each other and pressures amégts. The vertical component intends pressureson each
other that cause cartilage damage which is on@mneafsarthritis. Therefore we conclude the reacfmnge is one of
the important reasons of producing damage in es@rci

MATERIALS AND METHODS

the method of this study is to model the elbowtjeising ADAMS software. The application is madetbg MSC
Software Corporation and is a powerful tool forlgmiag kinetic & kinematic analysis and is widelgad in science
and engineering.

ADAMS simulation software and its add-on tool, Humféigure Modeler, developed and marketed by Medani
Dynamics Inc., was, For the first time, introdudedbioengineering students at the University otsBiirgh to
enhance the learning of biomechanical principlég. Based on their experience and the studentsibiaek, they
believe that the integration of ADAMS into existingoengineering courses can greatly improve stdent
understanding of biomechanical systems, while dimmglously adding to their engineering skills.

This software is used in analyzing human movemeot In one research ZHANG.lin-lin and et al 2011deled
elbow flexion with ADAMS and in another researchkélpi and et al, 2011 modeled the walker with ADSMnd
compared the results with MATLAB software [2].

For modeling process we should perform these sldpsfirst step for modeling the movement of flexis to build
the parts of the arm. These parts are made bydfiease toolbox and making use of appropriate gedmshapes
and anthropometric data tablel. In the second thiemrgans must be bound and in this researchaheections
between humeruand ulna are made using hinged joints. In the thigp, the muscular forces obtained from the
EMG data are applied with respect to the specifigid in Table 2. Then, in the fourth step thewafie application

is provided with the required information such asment, the joint reaction force etc. And finallytmotion is run

in the range 0-150 degrees and as a result theaeftreports the results in the form of a chart tes requested in
the last step. Addition the base of calculatiosaffware is the laws of physics and dynamic. Tteeess in like to
manual calculation of laws dynamic that the sofevperform quickly and easily. Figure 2 shows thastacted
shape of model in ADAMS software in this study.

Base of calculation of software is the motion& magie laws. When the model creates in the softwareptetely
and the motion is run. The software calculatesrdsilts. In the other hand the software perfornied rhanual
calculation relation to equilibrium force and morhepickly and the high accuracy. And it reports tiesults
simultaneous. This software is powerful dynamiclyariag software. The important mechanic equatiores the
following.

> Fx=0
YFy=0
ZM z=0
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Table 1 Parameters evaluation for rigid body modeihg [2]

Segment Hummers Ulnd  Radils
m(kg) 1.81 0.79 0.79
h(cm) 27.4 38.253 38.258
r(cm) 4.165 2.365| 2.365

Ixx (kg.m2) | 121.089 | 97.438 97.438
lyy(kg.m2) | 121.089 | 97.438 97.438
1zz (kg.m2) 15.699 2.209 2.204

Ixx=lyy=m (r2/4+h2/12) and |zz=mr2/2

Table2 Ratio of forces exerted by muscles during ledw flexion [2]

Muscle name

F(N) From EMG  Percentage of produaingef for flexion

Biceps 137 39%
Brachialis 167 48%
Brachioradialis 45 13%

Figure2: Upper limb biomechanical model in ADAMS sétware

RESULTS

After constructing the model in the software we tli@ motion. The first result that calculates is #mgular velocity
of arm. Angular velocity indicates pressure on nulsskeletal system. When the velocity is low it medhe
pressure on musculoskeletal system is high and wherelocity is high it means the pressure on mlos&eletal
system is low. Figure 3 shows the angular velaaftsgrm in the range of motion.
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Figure3: Angular velocity of forearm in the range d motion.
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Another result that calculates in the softwarehis moment of muscle in the range of motion. Thigmmaot is
minimum in the beginning of motion and it increase96 degree of flexion and then decrease to enuation.
Figure 4 shows the moment of muscles in the rafgeotion.
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Figure4: The moment of muscles in the range of matn.

One important result of the study is to investigtite reaction force exerted on the elbow joint.sTfarce is
potentially capable of causing damage to the jdihe study showed that the reaction force is atimam amount
at the beginning and then reduces to a 107-degrgle and then increases toward the end of the mofigure 5
shows the reaction of force on elbow joint in thage of motion.

65.0 Elbow force
|
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=
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Figure5: The reaction of force exerted on elbow jait in the range of motion.

The figures above show different levels of velociyoment and joint reaction force in the range ofion which is
due to changes of muscle angle. For more explan#tis issue If the two components of horizontad amrtical
forces exerted on the forearm muscles are dividedpbserve that only the component of motion pedjperhar to
the forearm is capable of producing motion And hamtal components of the muscle does not produgenank
and compress bones together and as a result willuge a reaction force. For this reason we calkewlattical and
horizontal component of each muscle force in tingesof motion.

35.0 4‘ = =Biceps(horizantal force) i Biceps force
30.0{ e PLad
§ 250] Teay e
3 20.0 T ol
g 15.0] S =
S 100 Y ol

5.0: ‘\\ 'a'

0. .

.0 50.0 86 100.0 150.0 200.0
Angle (deg)

Figure6: break up Biceps force into vertical& horizontal components in the range of motion.

Figure 6 shows vertical and horizontal componenBigkEps in the range of motion. This curve stakesvtertical
component is maximum in the 86 degree of flexidmsTTomponent just produces moment.
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Brachialis force

40.0 p===a_ ‘
Trea ~ = =Brachialis_horizantal force
§ 30.01 e
= b "ss B
2 200] RO -
£ 10.0] SN ~
-~ 4
0 \\s"’
'%.O 50.0 1000 118 150.0 200.0
Angle (deg)

Figure7: break up Barachialis force into vertical& horizontal components in the range of motion.

Figure 7 shows vertical and horizontal componenBafachialis in the range of motion. This curvetegathe
vertical component is maximum in the 118 degrefeaion. This component just produces moment.
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Figure8: break up Barachioradialis force into vertical& horizontal components in the range of motion.

Figure 8 shows vertical and horizontal componerBafachioradialis in the range of motion. This @ustates the
vertical component is maximum in the 91 degredeofién. This component just produces moment.

Figure 9 shows vertical component of muscles in ganson to each other in the range of motion. Tlesges
state the sum of vertical component is maximunhé 101 degree of flexion.
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Figure9: the vertical force of muscles in the rang of elbow flexion

Figure 10 shows horizontal component of musclesomparison with each other in the range of motibmese
curves state the sum of horizontal component ismmim between 86-118 degree of flexion.

22
Scholars Research Library



Saeed llbeigi and Hamid Ramezani Euro. J. Sports Exerc. Sci., 2014, 3 (1):18-26

Horizantal forces
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Figurel0: the horizontal force of muscles in theange of elbow flexion

The moment of muscles is calculated multiple theicse components to distance between central bbwelto
exerted line of muscles. These moments are cééclila software in the range of motion. Figure haves these
moments. The maximum moment of biceps occurs ategfee and brachialis at 118 degree and brachidisdi
91 degrees and therefore the sum of moment of threseles was measured at an angle of about 96etedrhis
result will be compared with other researches stulsion part[2,3,4,5].
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Figurell: the moment of muscles in the range ofl@w flexion

In this research compare total of vertical andzmrial component in the range of motion too. Figiteshows the
total vertical component muscle force, in comparisoth horizontal component muscle force. This thadicates
that the vertical component is more than horizootahponent in the mid range and the muscles ofvelfexion
have high performance in the 58-140 degree ofdlesio it is suggested for rehabilitation of arreaftamaging and
designing ergonomic conditions.
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Figurel2: Comparison of horizontal and vertical conponents of the muscle force of elbow flexion in et flexion range of 0 to 150
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Figurel3: A comparison of the overall sum of the wéical and horizontal muscle forces in flexion of he elbow. The total amount of
vertical and horizontal force is 38 percent to 62 @rcent respectively.

The total amount of muscle forces in the verticad Aorizontal components is the result of the iragggn of curve
12 in figure 13.

Figure 13 shows that the 38% of the energy of thisales turn to work and the rest is wasted by hgyrinto
reaction force and other forms of energy such @ &ed friction. In other words, only 38% of musfidece can
produce motion and movement in the skeletal system.

DISCUSSION

This study shows that the maximum torque of thewlbccurs at an angle of approximately 96 degrd@shwis in
agreement with the results of other researchersANABLlin-lin et al (2011) in their research obtaindde
approximate maximum moment at an angle of 90 degaitbough their graph indicates that maximum mdmen
occurs at an angle more than 90 degrees [2]. Félipetta Carpes et al (2012) evaluated asymmeimietbow
torque output between preferred and non-preferiratsl. They obtained moment curve in five angleshviite
maximum moment at 90 degrees. It should be notaidniloment curve was calculated only at specifidemgind
torque was not calculated at an angle between @0120. If moment values had been calculated at rangtes,
moment curve and maximum angle could have beeerdiff. Figure 14 shows the moment of arm in various
researches [3].

Another result of this study is the optimal randeelbow flexion which occurred at an angle betw&&nand 140
degrees and the 38% mechanical efficiency of maschn also be noted. It was so strange to us why th
musculoskeletal system of the arm is so inefficiéts the creator of the universe made a mistakefy\d
research answers this obscurity. Morry et al (198%tained the range of flexion for fifteen essdrdeily activities

by using an electro goniometer. Most of the ag#sistudied in this project were carried out atid-range of 100
degreesof elbow flexion (from 30 to 130 degreedhis indicates that the musculoskeletal systemhefdrm is
optimally capable of performing essential dailyities [4].

In general this research is unique and differenitk the other research. The previous researches varied out
mostly by using equipment such as electromyograjgokinetic set, and goniometer and motion captifimese
methods are more reliant on research tools andeearcher only collects information and doesniteha special
role in the analysis of the data. However, thiglgtis performed using an application and is analyzging motion
and mechanic laws, and the role of the researshgghlighted in therocess of analysis.

Some of the advantages of this study are as follows

1- A new method of analysis using software that waslyaised in the past.

2- Less money and time is spent compared to otheargsenethods.

3- Using kinematic and kinetic analysis,

4- Unlike other methods, where the results are medsatrepecific angles, in this method, the resuktsnaeasured
consistently throughout the range of motion.

5- Using a special method for calculating joint reactiorce and determine damage mechanism.
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Figure 14: comparison moments in various researchea) In this research b) in ZHANG.lin-lin et al (2011) research c) in Pivetta Carpe
et al (2012) research.

CONCLUSION

The main results of the analysis and modellingliodw flexion movemenis the evaluation of thefficiency of the
elbow flexion muscles in the range of motion, Tasults show that maximum muscle moment of the aroors a
an angle of 96 efyrees and at the start and end of the flexioruishnhess. Moreover, the reaction force of the el
which isone of the most important potential damage to thet is at the minimum in the m-range of motion
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(107degree). Therefore, combining these two reshitsvsthat the efficiency of flexion is in the range & & 140
degrees.
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