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Abstract

The paper presents the factors that have an important impact on the strength of an athlete knee
muscle.

The paper solves a statically approach of the equilibrium of a leg, emphasizing the major influences
of some variables, such as: body weight, angles of the leg with respect to earth, the length of a leg etc.

Equation 7 is the mathematical model of the way in which the angle ® as a function of 6and other
variables.

Further geometrical conditions will allow computing the force acting on quads and knee joint, as we
see in part II.

Introduction

There are multiple muscles that contribute to a certain task of movement or posture. It is frequent, in
biomechanics, to consider one muscle group for a certain action and to compute the force or moment that
must be produced by this muscle, in order to carry out a motion or a posture. Most of times, despite the
presence of a number of muscle groups contributing to the same movement, one single muscle is taking into
account.

There are some major muscles that are considered biarticular muscles, meaning that they act on two
joints. Hamstrings, a group of three muscles, constitute an important example for biarticular muscles.

The first step in analyzing the forces acting on a body segment consists of drawing a free-body
diagram of the segments involved. The part of the body to be studied is considered distinct from the entire
body. We can point out the acting on the part of the body and write down the equations of motion and the
equilibrium equations, in order to gather data about on the muscle forces acting on the body part, revealing
the influence factors.
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The mechanical model for an athlete squats

In order to strengthen knee muscles, the athletes are performing squats. We consider the mechanical
model as having static equilibrium, due to the fact that the motion is slow.

The mechanical model consist of a four bar linkage, shown in fig.1. shows the athlete during
squatting. The bar representing the hip is connected to the rod representing the upper leg at the hip joint

The calf muscle is represented by a tension-carrying cord that connects the foot to the thigh. The
patella joint is represented by a frictionless pulley mechanism, which in fact is the model for the quad muscle
that connects the thigh and the leg.

The rotational joints at C, B and A are hinge joints. The objective is to determine the tension in
hamstring, calf and quads as a function of different parameters, together with their influence on their
magnitude.

We assume that the structure is symmetrical to the horizontal plane that intersects the knee joint.

hamstring

foot

Fig.1 — The mechanical model
The force P is the force transmitted to each leg, which means it is equal to the weight of the upper
body added with the weight used for the squat.
The following assumptions are made:
- we neglect the weight of the legs and feet;
- the entire weight is considered to be a single force P, acting at a certain distance C from the hip
joint (fig.2).

foot

Fig.2 — The mechanical model of foot

The statical equilibrium is described by: M % =M ‘ 9]
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meaning that the moment created by force P about A is equal to the moment produced by the calf

muscle at A.
Equation (1) can be written as follows:

_b-F*sin®d4c-P=0= F =L )
b-sin®

Because of the assumption regarding the symmetry, the calf muscle will produce the same tension as
the hamstrings (fig.3):

Fc — FH (3)
The moment of all external forces with respect to the knee joint is given by equation (4):
(c—L-cos®)-P=2-d* -F".sind—d*-F4 4)

where:

L is the length of the upper and lower leg;

(c —L-cosB)- P - is the moment of force P with respect to B;

2-d* . F".sin® - is the moment developed by the hamstring muscle and calf muscle with respect to

the knee;
d?-F? - is the moment developed by the quad muscle;

Fig.3 — The mechanical model of the feet and lower leg

Now we can express the moment arm as follows:

LsinOcos®
—j Q)

dk=[b+L'COSG— -
sin @

We can determine the dependency of angles ®and Ousing the expression of the length of
hamstrings, as follows:

I'-sin® = (L +h)-sin® (6)
" cos® =b+(L—h)-cosO

Dividing the first equation by the second, we eliminate the length L" and we get:
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(L+h)-sin®
(7

b+(L—h)-cosO

which express the angle @ as a function of 6and other variables. Thus, we can determine the
moment arms of hamstrings about B and calves about A.

Conclusions

Equation 7 is the mathematical model of the way in which the angle @ as a function of 6and other
variables.

Further geometrical conditions will allow computing the force acting on quads and knee joint, as we
see in part I1.

tan® =

FACTORII DE INFLUENTA ASUPRA MUSCULATURII GENUNCHIULUI
PARTEA | - CONSIDERATII TEORETICE
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Rezumat:

Lucrarea prezinta factorii cu influentd semnificativa asupra dezvoltarii musculaturii genunchiului.

Ea rezolva abordarea staticd a problemei, studiind echilibrul piciorului si evidentiind influentele
notabile ale unor parametrii, cum ar fi: greutatea corporald, unghiul pe care 1l face piciorul cu solul, lungimea
membrului inferior etc.

Ecuatia (7) reprezintda modelul matematic al dependentei unghiului @® de unghiul 6 si de alte
variabile.

Conditii geometrice suplimentare vor furniza marimea fortei care actioneaza asupra articulatiei
genunchiului, asa dupd cum se va vedea in partea a [1-a.

Introducere

Pentru a Indeplini o anumita sarcina de miscare sau pentru a realiza o anumitad pozitie, sunt implicate
foarte multe grupe musculare. In mod frecvent, in biomecanici se considerd o anumiti grupa musculara ce
realizeazd o miscare si se determind fortele si momentele pe care aceastd grupd le produce. De cele mai
multe ori, In ciuda faptului cd mai multe grupe de muschi conlucreaza pentru a obtine o miscare, doar o
grupa este luatd In consideratie.

Cativa muschi sunt considerati biarticulari, adica au articulatii la ambele capete. Spatiul popliteu
poate fi considerat ca un locul in care se articuleaza trei muschi.

Prima etapa in analizarea fortelor ce actioneazd asupra unui segment al corpului consti n
reprezentarea conventionala a acestuia, cu Incarcarile corespunzatoare.

Se pot scrie ecuatiile de migcare si ecuatiile de echilibru, cu scopul de e obtine informatii despre
actiunea muschilor si de a evidentia factorii de influenta.

Modelul mecanic al pozitiei stind cu genunchii indoiti a unui atlet

Pentru a-si intari musculatura genunchiului, un atlet excuta flexii. Se considera modelul mecanic in
echilibru static, ca urmare a faptului ca migcarea este lenta.

Modelul mechanic este similar unei structuri cu patru elemente, ca in figura 1. Bara ce reprezinta
soldul este articulatd cu elementul ce reprezinta coapsa.

Muschiul gambei este reprezentat printr-un fir tensionat care conecteaza talpa cu gamba. Articulatia
genunchiului este reprezentatd printr-un scripete ideal (fara frecare), iar aceasta schema nu reprezinta altceva
decat modelul pentru muschiul cvadriceps care leaga coapsa si piciorul. Articulatiile din A, B si C sunt
articulatii simple.

Scopul acestui model este de a determina fortele din popliteu, din muschii gambei si din cvadriceps
ca functii de diferiti parametri, impreuna cu influentele acestora asupra marimii fortelor.
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Presupunem ca structura este simetrica in raport cu planul orizontal ce intersecteaza articulatia
genunchiului.

hamstring

foot

Fig.1 -Modelul mecanic
P este forta transmisa fiecarui picior, in urmatoarele ipoteze:
- se neglijeaza greutatea picioarelor si a talpilor;
- intreaga greutate se aplica la distanta ¢ fata de sold (fig. 2).

foot

Fig.2 — Modelul mechanic al talpii

Echilibrul static este descris de ecuatia de momente:

M =M (1)

adica momentul fortei P fatd de punctul A este egal cu momentul produs de forta din gamba fata de
punctul A.

Ecuatia (1) poate fi scrisé sub forma:

_b-F*sin®d4c P=0=F =L @)
b-sin®
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Din cauza simetriei se considerd cd muschiul gambei produce aceeasi solicitare ca si muschii din
spatiul popliteu (fig.3):

Fe=F" 3)
Momentul tuturor fortelor externe fata de articulatia genunchiului este dat de ecuatia (4):
(c—L-cosB)-P=2-d* -F"-sind®—d* . F* (4)

unde:

L - lungimea coapsei si a gambei,

(c —L-cos 9)~ P - este momentul fortei P fatd de articulatia din B;

2-d" - F".sin® - este momentul dezvoltat de muschii din spatiul popliteu si de muschiul gambei,
fata de articulatia genunchiului;

d?-F? - este momentul dezvoltat de cvadricepsul femural.

Fig.3 — Modelul mecanic al talpii si gambei

Bratul fortei se poate scrie:

dk=[b+L-cos9——Lsm'ecoscDj &)
sin ®
Se poate determina variatia unghiurilor @ si 6 folosind expresia lungimii:
["-sin® =(L+h)-sin® ©)
I'-cos®=b+(L—h)-cos®
Impartind ecuatiile din sistemul (6) si eliminand lungimea L" se obtine:
L -si
fan® — ( +h) sin O )

b+(L-h)-cosO
care exprima unghiul @ ca functie de 6 si alte variabile.
Concluzii
Ecuatia (7) reprezintd modelul matematic al dependentei unghiului @ de unghiul 6 si de alte
variabile.
Conditii geometrice suplimentare vor furniza marimea fortei care actioneazd asupra articulatiei
genunchiului, asa dupa cum se va vedea in partea a II-a.
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Abstract:

The paper presents the factors that have an important impact on the strength of an athlete knee
muscle. The paper solves a statically approach of the equilibrium of a leg, emphasizing the major influences
of some variables, such as: body weight, angles of the leg with respect to earth, the length of a leg etc.

The numerical results above indicate that quads need to produce much more tension than hamstrings
and calves. Furthermore, the compressive force between the patella and the femur increases with increasing
quads tension and increasing flexion of the knee. Repeated compressive force destroys the cartilage coating
of the articulating bone surfaces, leading to frictional resistance to the sliding motion of the kneecap during
knee flexion and extension.

Introduction

The first step in analyzing the forces acting on a body segment consists of drawing a free-body
diagram of the segments involved. The part of the body to be studied is considered distinct from the entire
body. We can point out the acting on the part of the body and write down the equations of motion and the
equilibrium equations, in order to gather data about on the muscle forces acting on the body part, revealing
the influence factors.

The geometrical conditions for the mechanical model proposed

In order to strengthen knee muscles, the athletes are performing squats. We consider the mechanical
model as having static equilibrium, due to the fact that the motion is slow.

The equation (1) expresses the angle @ as a function of Oand other variables. Thus, we can
determine the moment arms of hamstrings about B and calves about A.
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