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Tendons connect bone to muscle

Do tendons connect bone to muscle. Tendons or are fibrous tissues that connect muscle to bone. Tendons connect muscle to bone true or false. Does tendon connect muscle to bone.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATheligaments and tendons are soft tissues of collagen. The ligaments connect the bone to the bone and the tendons connect the muscles to the bone. The ligaments and
tendons play a significant role in musculoskeletal biomechanics. They represent an important area of orthopedic treatment for which many challenges remain for repair. Many of these challenges have to do with restoring the normal mechanical function of these tissues. Once again, like all biological tissues, ligaments and tendons have a hierarchical
structure that influences their mechanical behavior. In addition, ligaments and tendons can adapt to changes in their mechanical environment due to injuries, diseases or physical exercises. The ligaments and tendons are therefore another example of the concept of structure-function and the concept of mechanically mediated adaptation that

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAThe
ligament or curtains is then divided into smaller entities called bundles. The beam contains the basic fibrilla of the ligament or tendon, and the fibroblasts, which are the biological cells that produce the ligament or tendon. There is a structural feature at this level that plays a significant role in the mechanics of the ligaments and tendons: the fibrill
crypt. The crimp is the undulation of the fibrilla; we will see that this significantly contributes to the non-linear stress ratio for the ligaments and tendons and practically for all soft collagen tissues. The above scheme shows the basic common structures for ligaments and tendons. In terms of specific attributes for tendons: TENDONS Anatomy: AAA A

AAAAAAAAAAAAAAAAAAEAAAAAAAAAAAAAAAS Proline (~15%) EAAAAAAAAAAAAAAAAA4 Hydroxyproline (~15%, almost unique to collagen, often used for Blood feeding: 1. Vessels in perimysium (covering of tendon) 2. Periosteal insertion 3. Surrounding tissues LIGAMENT Anatomy 1. Similar to tendons in
hierarchical structure 2. The collagen fibrillas are slightly less in volume fraction and organization of the tendon 3. Higher percentage of proteoglycan matrix than tendon 4. Blood supply of fibroblasts 1. Microvascularity from the sites of intersection 2. Nutrition for the cell population; necessary for matrix synthesis and repair III. General overview of
ligament and tendon mechanics As with all biological tissues, the hierarchical structure of ligaments and tendons has a significant influence on their mechanical behaviour. Unlike bone, however, the functional relationships of the quantum structure, whether experimental/statistical or analytical, have not been derived for ligaments and tendons. This
is for two reasons: 1) the hierarchical structure of the ligaments and tendons is much harder to quantify than bone, and 2) the ligaments and tendons exhibit nonlinear and viscoelastic behaviour even under physiological stress, which is more difficult to analyze than the linear behaviour of bone. Nonlinear Elasticity If you neglect viscoelastic behavior,
you can draw a typical stress curve for ligaments and tendons: there are three main regions of the stress curve: 1) the peak or toe-in region, 2) the linear region and 3) the yield and failure region. In physiological activity, most of the ligaments and tendons exist at the point and in some way in the linear region. These are a nonlinear stress curve, since
the slope of the peak region is different from that of the linear region. In terms of structure function relationships, the peak region represents “un-crimping” of crimping in collagen fibrils. Since it is easier to stretch the crimp of collagen fibrillules, this part of the stress curve shows a relatively low stiffness. As the collagen fibrils become non-
acrimped, then we see that the collagen fibrill spine is stretching, which gives rise to a stiffer material. As the individual fibrils within the ligament or tendon begin to fail, the damage accumulates, the stiffness is reduced and the ligament/tendons begins to fail. So a key concept is that the overall behavior of ligaments and tendons depends on the
structure of the individual crimp and the failure of the collagen fibrillules. A simple model illustrating the dependence on nonlinear bond/tendon stress/binding relationships is shown below: In this case, as a spring is stretched to its limit its stiffness increases. This can be seen easily if the effective ligamentlt is modeled using the Voight model, with
each fibrilla that contributes to a small part to the overall rigidity. Because a fibrilla becomes unchanged, its rigidity increases, increasing the rigidity of the general ligament / curtains. VoscoLasty A ¢ AA, A, A, A, A, A, A, A, A, A A A A A A A A A A, A, A «Another important aspect of Ligament / tendon behavior is viscoelasticity. Viscoelasticity
indicates the mechanical behavior dependent on time. Therefore, the relationship between stress and strain is not constant hut depends on the m~ovi~ng~ or lo~ad~time.~ There are~t\/\{o main typ~es~of~characteri§tic Viscoelastimty behavior. The first is Creep. Creep 1s increasing deformation under constant load. This contrasts with an elastic material that
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will not follow the load curve. The difference between the two curves represents the quantity of energy diss1pated or lost during loading Below 1s an example of hystere31s AcA¢cAcAceccAcAcAcAcAcA A A A A A A A A A A A A A A AAAA, A A A A A, A A «The two figures above show that the quantity of hystere51s under cyclic
loading is reduced e In the end the stress-stripe curve becomes reproducible. This gives rise to the use of pseudo-elasticity to represent the non-linearity of the tension / tendon voltage behavior. Finally, in this overview of legamental / tendon mechanics we briefly discuss experimental considerations in testing ligaments and tendons. Measure the
ligament or behavior of the tendines directly preventing the sample to lead to incorrect measurements. This is because the ligaments and tendons are extremely difficult to grip and often slide into the handles that lead to errors in displacement measurements. A way around this difficulty is to leave the ligament attached to the bone and use optical
methods and markers to measure voltage. A scheme of this test configuration from the text is shown below: 844A¢AA A A A A A A A A A A A AA&A¢c¢A A A A A A A A A A A, A, AA «the handles are placed around the bones of the joint to give a much safer fit. In the case of tendons, there is still need to grab the end of the muscle.
VAT A, A, A, A, A, A, & Mechanical ligaments / tendines through iperelastés A, A, A, A, A, A, A, A, A, A, A, is, to represent the linear elastic behavior of ligaments, weiss et al. He has developed a hyperlastic model including an energy voltage function. Seiss tried to represent the contributions of collagen fibers, the substance of the land and interaction
between the two. The strain strain the function is indicated below: where are the invariants of the right deformation tenor of cauchy. the second stress content of Piola-Kirchoff is calculated by the energy function of the above stress: two recent documents have oato the most common isotropic form of the energy function of effort to analyze stress and
tension in front crusader ligamens. the first was hirokawa and tsuruno in medical and physical engineering (1997,) 19:637-651. oato a commonly oated stress energy function for rubber as materials, also called a Mooney-Rivlin voltage power function. It is indicated below: where il and i2 are invariant with the right deformation of cauchy. there are
defined as: Thus, we can rewrite w using the explicit form of the il and i2 invariants as: where al and a2 are constant to determine experimentally. Let's suppose now that the 11th direction is along the length of the ligament and we would like to determine the stress/strain curve along that direction. we must first take the w derivative compared to
ell. First we know that the relatonship between ell and c11 is: the derivative can be taken using the chain rule as: we can rewrite the above equation in terms of and using the relative general equation and c (the right cauchy deformation tensor): This gives s11 in terms of and how: to track s11 vs. 11, we must know e22 and e€33. We'll assume it's 0
for us. Moreover, we must know the constants of the material al and a2. hirokawa and tsuruno report that these are 1,687 and 0.106 (kg/cm2), respectively, which, since 1 kg/cm2 is equivalent or 98 kpa, gives constants of 165.3 kpa and 5.88KPa. we can make the stress diagram in matlab for s11 vs. ell (supposing that all other strains are zero)
using the following commands: el1l = (0:99)/99; fori = 1:100 s11(i) = 4.¥165.3*e11(i) +6. a second document that uses an isotropic function of energy by effort to model the behavior of the human front cruciate ligament was published by song et al. in the journal of biomechanics, 37:383-390, 2004. song et al. oato a function of energy of tension that
was originally proposed by veronda and westmann for the skin in 1970 (green and westmann, j. biomechanics, 3:111-124, 1970.) this function of deformation energy is indicated below: where il and i2 are the first and second invariants of the Green-Lagrange strain tenor, for example exponential function, and al,a2,a3 are constant to determine
experimentally. based on our previous expansion of the invariants, we write the energy function of the voltage directly in terms ofStrain Tensor Components As: A" A" A" To calculate the component S11 of the 2 A°® Piola-Kirchoff stress, we take again the derivative of W with respect to e11: Then draw a stress curve, using the values for the
experimental coefficients A1, A2 and A3. If we assume that all strains except E11 are zero because of the test set, we can write the following MATLAB commands to plot the stress VERSUS Curve: E11 = (0:99) / 99; fori = 1: 100 S11 (i) = 0.26 * 11.35 * EXP (11.35 *E11 (I) -11.35 * 3.) Terrain (E11, S11) V. Structural Functioning in Ligaments /
Tendons: Aging Effects A© A© A© A A© Much of our knowledge of structure-function relationships for ligaments and tendons is empirical and not strictly quantitative as with bone, for reasons I touched upon above Feeling. Most studies on the relationship with structural function in ligaments and tendons come from comparisons of mechanical
properties and histology/biochemistry of ligaments and tendons from young versus ancient animals. For example, in roottail tendons, the diameter of collagen fibrils increase during the age from immature skeleton to mature animals. There is a corresponding increase in the maximum force of tendon tension. In a study of New Zealand white rabbits at
1.5 months, 4-5 months, 6-7 months and 12-15 months, it was determined that the stiffness and strength of the ligament substance and the ligament bone attachment increase with Increasing the maturity in the femore-mcl-tibia complex (FMTC). The change in ligament attachment strength was due to the rapid remodeling of the bone near the

failures change from being avu1s1on failures to being errors of the ligament. mid-substance. A quantitative example of the increase in mechanical properties with expiration is shown in the graph below: A© AA A AA A A AA” A”As age increases from the child to the adult, the mechanical properties of the ligaments also increase. of tendons, the
increasing age of the young adult decreases the properties of ligaments and tendons. One study found that the structural properties of FATC (Femur-ACL-Tibia Complex) decreased 2-3 times older than younger adult knees. The structural properties refer to the stiffness of the ligament in the bone-ligena-bone test mode when it is not calculated using
the stress and normalized stress values, i.e. the force of Vs. Woo and colleagues have tested FatC to knee young corpse with an average age of 35 and older corpse knees with a 76-year-old age. They have discovered that the linear structural rigidity of the ACL has decreased both when tested at 30 degrees of knee bending and when tested along the
axis of the ligament complex. The the stiffness of the ligament axis averaged 183 N/mm for the youngest group, but only 158 N/mm for the oldest group. The bending tests were 150 N/mm and 129 N/mm respectively for the youngest and oldest groups. In addition, more specimens of the older group suffered from avulsive failures compared to the
younger group. VI. AAAAA A AA A AA Mechanically mediated ligaments and tendons Adaptation: Immobilization vs. exercise AAAAAAAAAAA A The ligaments and tendons are adapted in response to changes in mechanical stiffness. Changes in the ligaments and tendons generally occur more slowly than bone adaptation, as the ligaments and
tendons have less vascular input. Once again, our understanding of how mechanical stimulus mediates the structure of the ligament and tendons is more empirical and less rigorous than that for bone. Most of our knowledge comes from two extremes in mechanical stimulation: immobilization and physical exercise. The immobilization of a joint for a

long period of time leads to significant changes in joint structure and function, including a reduction in the range of motion of the joint. The effects of both ligaments and tendons can be severe. Woo et al. studied rabbit knees in the following experimental groups: 1. 9 weeks of immobilization 2. 12 weeks of immobilization 3. 9 weeks of immobilization,

AAAAAAAAAAAAAAAsthe rabbits became active, stiffness and force increased almost to the level of control. Corresponding to the reduction in mechanical properties, there is a reduction in the structure of the ligament. During immobilization, the cross-sectional area of the ACL is reduced. This involves a loss of collagen fibrils as well as a
loss of glycosaminoglycans which form the base substance of the ligament. In addition, alterations may be in the fibrillar orientation of the collagen reducing properties. After re-mobilization, it appears that the mechanical properties of the ligament are recovered first, followed by the structural properties. This indicates that structural loss at the
ligament insertion site may take longer to be removed than changes in the ligament substance. Physical exercise and increased stress on tendons and ligaments are thought to alter their structural composition and lead to increased properties of tendons and ligaments. Although the experimental data is far from the finalization. Woo et al studied the
effect of exercise on the digital tendons of the pigs and the FMTC. The animals were conducted on a speed track from 6 to 8 km / h for an average of 40 km / week for 3 months and 12 months. A sedentary group was used as a control. The short-term group showed significant changes in mechanical properties nor for tendons nA © for the FMTC.
There has been an increase in the del tendon area and a 22% increase in tensile strength. For the FMTC, however, there were small changes in most mechanical properties, although there was a significant increase in the maximum fault load when normalized with animal weight. Another study in dogs also found a higher peak load to body power
ratios for FMTC. Put the results on immobilization and exercise together in a graph showing how changes in mechanical load can alter the structure of the ligament/tendinum, in a statement that characterized as Wolff’s law for ligaments/tendins. This hypothesis from the text is as follows: AAAAAAAAAAAAAAAAAAAAAAAAAAsyoucan
see, immobilization has a faster and more substantial effect on the mechanical properties than the increase in the load from the exercise. This is somewhat similar to the frost theory of adult bone adaptation, where he believed that it was difficult to achieve a substantial increase in bone structure through mechanical load unless it was damaged, but
that bone mass losses were achieved fairly easily when loads were significantly reduced as in immobilization. The same can be seen in the graph above for ligaments and tendons. VIla A A A A A A" Mechanics and hits mechanics on Healing tendons / ligaments AA A A A A A" One of the most important themes mechanically mediated ligament and
tendon adaptation is the effect of mechanical stimulus on the ligament and repair of the tendon in. Ligament and tendon repairs are a critical area of orthopaedic surgery, especially in sports medicine. The important issues in ligament and repair of tendons are how the ligament needs to be repaired, whether the application of mechanical load hinders
or helps repair and when the repair has been progressed to the point where full load bearing is possible. In the case of tendons, which slipped inside a sheath, it is believed that the introduction of passive movement for the healing and repaired tendons is important because it prevents the adhesion between the sheath and the tendons that restrict
movement. In one study, the flexor tendons of mature skeletal dogs were torn and then repaired. There were three experimental groups: 1) Competitive immobilization, 2) Delayed mobilization and 3) Early passive movement. The results indicate that tendon strength and motion increased faster for the first group of passive motion than for the other
two groups. The relationship between mobilization after repair and changes in ligament structure and function is complex, depending on how long the ligament is immobilized after repair. In a medial collateral ligament (MCL) repair study, MCLs were torn and then In one group, the MCL was not repaired, but was immobilized. In the second group,
the MCL was repaired and immobilized for three weeks while in the third group immobilization it lasted for six weeks. Suppressively, the group without repair that was immobilized showed the best gain in strength over time. This reflects changes to in Structural ligament trick. Quality of type I vs. Type III Collagen (type III collagen is a type of
collagen associated with wound healing) was closer to normality for early mobilized ligament without repair. The change of force over time is shown in the following figure (Group 1 is early mobilization without repair, Group 2 is the repair with 3 week immobilization and group 3 is the repair with 6 week immobilization): These results demonstrate
two basic concepts: 1) in a confirmation of the function reports of the fabric structure, the rigidity and force of healing ligaments are related to the type and quantity of collagen fibrils present, and 2) that Mechanical stimulus has a significant effect on the structure of the ligament. Cartilage Structure and Function I. Overview A A A A A A A A A,
A A A A A A A A A A A A AA A, & AA «There are three main types of cartilage in the body: 1) IALINA cartilage, 2) fibrocapartilage, and 3) elastic cartilage. The elastic cartilage exists in the epiglottice and in the Eustachio tube. Fibrocapartilage, as we have seen in the section on fracture setting, often exists temporarily on fracture sites.
However, fibrocartilage is permanently present in three major body places: 1) Intervertebral discs of the spine, 2) as a mandibular condibility cover in the temporomandibular joint and 3) in the meniscus of the knee. The third type of cartilage, Ialina cartilage, is the most prominent found in the diatrostic joints covering long bones. Furthermore, the
cartilage of HYALINE forms the growing dish with which long bones grow during childhood. In this section, we examine the structure and mechanical behavior of the Ialina cartilage in the diatrid joints, generally called articular cartilage and the meniscus of the knee. The accompanying information in the text are Chapter 4 "Structure and function of
articular cartilage and meniscus" by Van Mow and Anthony Ratcliffe. Il.ato A, A, A, A, A, A, A, disthroidal mixed anatomy and hierarchical cartilage structure A, A, A, A, A, A, A, A, A, A, A, is still, even if it begins to redundant sound at this point, articular cartilage itself has a structure and Hierarhical is also part of a diattrous joint that is a composite
structure. The nature of the hierarchical structure of both diarrhal articulations and articular cartilage is illustrated in the figure from your text shown below: A, A «The highest line of the figure illustrates the composite strictness of the diatrossi joints that consist of bones, articular cartilage , ligaments, tendons, muscles and articular capsule. This
entire level of organs exists on a scale of> .5 cm. The next level in this scheme indicates more detailed the surface of the actual bearing of the joint, in this case of the knee highlighted by the meniscus. The scale is between 100 microns (1 mm) and 1 cm. At this point the articular cartilage can be seen as a solid homogeneous material. In the next level
of structure, called the the between .0001 mm (.1 micron) and .1 mm (100 micron), we see the existence of the structural characteristics of the articular cartilage including chondrocytes (cells that make matrix of cartilage) and the organization of type II collagen fibrils. The organization at this level can actually be divided into four areas: 1) the
surface tangential zone (10-20% of the thickness of the cartilage, 2) the central area, 60% of the thickness of the cartilage, 3) the deep area, 30% of the thickness of the cartilage, and 4) the calcified cartilage zone where the cartilage interfaces with the bone. The areas contain different collagen organizations and different amounts of proteoglycans.
Below is a scheme of these areas from the text: The surface or tangential area contains the highest collagen content, about 85% in dry weight. In addition, collagen fibrils are oriented parallel to the joint surface, indicating that the purpose of this area can be mainly to resist cutting stresses. The amount of collagen decreases in each area that
approaches the tidemark, descending to 68% in the central area. On the next level, denoted as an ultrastructural level, between the .00001 mm (.01 micron) and .001 mm (1 micron), we see the existence of the main biochemical constituents of the articular cartilage, including the individual collagen fibrils and the proteoglycan matrix. Finally, at the
nanostructural level (.0000001 mm (.1 nanometer) at .000001 mm (1 nanometer) we see the internal structure of collagen and proteoglycan molecules. As you can see, the definition of these structural levels is not cut and dried, but exists as a conceptual tool to help us understand the structure of the cartilage and how such structure affects the
cartilage function. The other important point to note is that micro and ultra structures contain water and electrolytes that are related to molecules (mainly proteoglycans and collagen) that constitute the solid matrix of articular cartilage. As we will see below, fluid-solid interaction is a major determining factor in the mechanical behavior of joint
cartilage. III. Articular Cartilage and Composition Meniscus Section II outlined the hierarchical structure of the articular cartilage. In this section, we outline the chemical composition that is common to articular cartilage and meniscus. There are two main stages of articular cartilage and meniscus: 1) a fluid phase containing water and electrolytes,
and 2) a solid phase containing collagen (type I in meniscus and type II in articular cartilage), protoeglycans, glycoproteins and chondrocytes. Chondrocytes are the cells that produce cartilage matrix. The specific percentages of the main constituents for articular cartilage and meniscus are shown in Table I of the text, reproduced below:articular
cartilage 68-85% 10-20% (type i) 5-10% meniscus 60-70% 15-25% (type ii) 1-2% as you can imagine, these three main components act together to determine the mechanical behavior of cartilage. the relative amounts of these components due to the disease will change the mechanical properties dependent on the time of the cartilage. of the three main
components, the most prevalent is water. about 30% of the total water exists within the intrafibrillal space of collagen. collagen diameter and the amount of water within collagen is determined by the swelling pressure due to the fixed charge density (fcd) of proteogylcans. In other words, proteogylcans have strong negative electric charges.
proteoglycans are kept within the collagen matrix. since proteogilcani are closely linked, the proximity of negative charges creates a reformulation force that must be neutralized by positive ions in the surrounding fluid. the greater concentration of ions in the tissue than outside the tissue leads to swelling pressures. Exclusion of water increases the
fixed charge density, which in turn increases the swelling pressure and the charging repulsion. the amount of water present in the cartilage depends on 1) the concentration of proteoglycans that determines the fcd pressure and swelling, 2) the organization of the collagen network, and 3) the stiffness and strength of the collagen network. collagen
network resists swelling of joint cartilage. if the collagen network is degraded, as in the case of oa, increases the amount of water in the cartilage, because the more negative ions are exposed to draw in liquid. the increase of fluid can significantly alter the mechanical behavior of cartilage. Moreover, with a pressure or compression gradient, the fluid
is squeezed out of the cartilage. when the fluid is squeezed out, there are forces of drag between the fluid and the solid matrix that increase with the increasing compression and make it more difficult to depress water. This behavior increases the stiffness of cartilage as the load rate has increased. Collagen is the component of cartilage that is
believed to contribute to most tissue traction behavior. collagen predominant in articular cartilage is ii type, while the predominant collagen in meniscus is i. the third main component of cartilage is proteoglycans. proteoglycans are large biomolecules that consist of a protein core with glicosaminoglycan side chains. These molecules normally occupy
must large space when not compacted by a collagen network. the compaction of the proteoglycans affects the swelling pressure and the fluid movement under compression. iv. Structure-Function relations in articular cartilage and meniscus asglued from the previous sections, there are three main factors contributing to the mechanical behavior of
articular cartilage. First, there is swelling pressure due to ionic effects in the tissue. Secondly, there is the elastic behavior of the solid matrix itself. Thirdly, there is the fluid-solid interaction in the cartilage under compressive load. Next detail these mechanical behaviors and discuss how the fabric structure contributes to this behavior. Solid Matrix
Properties First, let’s consider the traction properties and behavior of the solid matrix cartilage. As with the other soft collagen tissues we have studied, the mechanical behaviour of the solid matrix is determined by the amount and crimp of collagen in the matrix. So, this matrix follows the classic nonlinear stress curve for soft tissues as shown below:
where we see a peak region, a linear region, and a failure region. These regions correspond to the development of the cradle. A typical mute specimen is used to test the tensile properties of the matrix as shown below: In terms of structure function relationships, we can see the effect of increasing collagen content on tensile properties by looking at
the tensile modules from the linear portion of the overcurved stress voltage measured in the different cartilage zones. Some experimental data are reported below in MPa: Bovine Canine Human Glenoid Humerus Femoral Groove Femoral Condyle Groove Condyle Superficial 5.9 13.4 27.4 23.3 13.9 7.8 Average 0.9 2.7 3.4 4.0 Deep 0.2 1.7 1.0 This
result can also be confirmed by looking at the plot in the text referring traction module to the ratio from collagen to proteoglycan in the matrix of cartilage: Osteoarthritis, or OA, a major disease affecting the cartilage can have significant effects on the traction properties of the solid matrix.oa, we know histologically that there is a break in the
collagen fibrils in the solid matrix. this is reflected in deminutions of the solid matrix traction module, as shown below in the table from the text: normal (mpa) fibrillated (mpa) oa (mpa) surface 7.8 7.2 1.4 subsurfaces 4.9 7.5 0.85 medium 4.0 4.9 2.11 finally, as with other soft fabrics that had a nonlinear stress curve and could be considered
hyperelastic, we can derive a consider the following energy function: where k and b are constant and is the Green-Lagrange variety. if you differentiate regarding the variety you get stress as: which, if you consider the constant a = bk, is the same result of the text. In addition to articular cartilage, the traction module of the meniscus depends
significantly on the quantity and orientation of collagen fibrils. in external meniscus, collagen fibrils are arranged circumferentially more organized than in the middle of meniscus. This gives rise to higher traction in the circumferential area. Fluid-solid compression properties as mentioned in the cartilage composition section, the interaction between
the fluid and solid phase of the cartilage plays a significant role in the mechanical behavior of the cartilage. the water flow out of the fabric and the resistance it creates on the solid phase are major determinants of the compression behavior of the tissues. Thus, in this sense, the mechanical behavior of cartilage is very dependent on how easy it is for
the fluid to move inside and out of the tissue, a property known as permeability. fluid flow through solid and permeable matrices is regulated by the darcy law. darcy law states that the volume discharge rate through a porous solid is linked to the pressure gradient applied to solid and hydraulic permeability coefficient k. mathematically, the darcy law

AAAAAAAAAAAAAAAAAAAAAAAAAAThe permeability and distribution of the load between solid and fluid components are the basis of the biphasic theory of cartilage behaviour. The principles of biphasic theory are as follows: 1. The solid matrix can be linearly elastic or hyperelastic with isotropic or anisotropic behavior. 2. The solid
matrix and the interstitial fluid are incomprehensible. This means that cartilage as a whole can only be compressed if the liquid is excreted from cartilage. 3. Energy dissipation is the result of fluid flow compared to solid matrix. 4. The friction resistance of the solid compared to the fluid is proportional to the relative speed. It's a widespread

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAInthiscase, the cartilage is subject to a fixed shift in point B. We see a strong increase in stress in the chart right in
point B. Because the fluid cannot leave immediately, it carries a good part of the load. When the fluid leaves the cartilage, the load is moved to the solid matrix and stress is reduced. Two fundamental properties of the materials in biphasic theory are the form of balance and permeability. The balance module is the stiffness of the cartilage while the

same stress-general non-linear deformation curve of those we have seen for the ligaments, tendons, blood vessels and solid cartilaginous matrix. This non-linear stress-deformation report is illustrated schematically below: A A A A A A A A AWhere S is the second stress Piola-Kirchoff and E is the Green-Lagrange strain. For the stress-deformation
report mentioned above, it assumes that the tissue has been cyclically loaded and thatStress-deformation curve has a repeatable loading and unloading portion. We therefore neglect the viscoelastic influences and model the fabric as pseudoelastic, where fabric fabric and the exhaust curves are treated as separate elastic materials. We can
characterize the constitutive equations or stress of pseudoelastic nonlinear soft tissues using a deformation energy function. An energy deformation function contains a measure of tissue deformation such as the Green-Lagrange strain or the Cauchy Right deformation tensor, as well as constants that must be determined experimentally. The ability to
quantify the constitutive equations of soft tissues in this way is important for the study of structure-function relationships and adaptation of mechanically mediated tissues. We have already seen examples showing changes in the experimental constants of the energetic functions of blood vessels due to disease and adaptation. Examples of deformation
energy functions and constitutive behaviour for other soft tissues include skin, kidneys and brain tissues. We also present a general energy function for soft tissues proposed by Fung. AAAAAAAAAAAAA A A Skin is the largest organ in the body. It consists of two layers, the epidermis and the dermis. The epidermis is the outermost layer and has
a thickness between 15 and 100 cells. Cell phones are keratin. Epidermis has no blood vessels It is based on dermis for nutrients. The dermis itself consists of two layers, the most superficial papillary dermis and the deepest reticular dermis. The papillary dermis is the thinner of the two layers and contains blood vessels, elastic fibers, collagen and
reticolatory fibers. The deepest reticular dermis contains larger blood vessels, woven elastin fibers and parallel bundles of collagen fibers. Contains fibroblasts and mastocytes. Fibroblasts are the main cellular type and produce elastin and collagen within the papillar dermis. Collagen forms 70% of the papillary dermis in weight. Of this total, type I
collagen represents 85% and type III collagen 15%. Elastin is about 1%. The dermis also contains a ground substance, containing mainly hyaluronic acid, sulphate chondroitine and glycoprotein. An example showing the structure of the skin from the is below: This shows the main layers, epidermis and dermis, cell types and skin matrix components. It
has the same stress-general non-linear deformation curve of other soft tissues. You will notice, however, that compared to other soft tissues, the skin has a very long finger region. Tong and Fung have characterized the mechanics of soft tissues using a function of energy deformation of the form: where, as for any other function of energy deformation,
to determine the second stress Piola-Kirchoff according to the Green-Lagrange strain for the skin,The function of energy deformation with respect to the appropriate Green-Lagrange deformation component. Thus, to determine the stress components for the skin we: we give a look at an example of calculating S11 using the deformation energy
function described above. We can actually calculate the derivative using using manipulation in MATLAB, which is useful from the derivative, although straight-sided requires a fair amount of accounting. This is done as: First, we define the symbols or variables in the voltage energy function: >syms all al2 al4 a2 a3 a4 gam1l gam3 gam4 C ell e22 el2
the energy function of the voltage as: > > w = 0,5* (all*ell1”2+al2*e2272%12*al3* 0,5*C*exp (al*ell~2+a2%e2272+2.*a3%1272+2 *ad*el1*e22+... 11*¥*3+gam2*e 2273+g (e1172) *e22+gamd*ell1*e2272) and MATLAB provides: * 11*2+2%2%e 11*2%e 22*2*e 11*¥2%e 11*2*el1*e22%e22*2%e22") we then ask the symbolic manipulator to differentiate
the energy function of de Formation W relative to E11 to get the 2 A° Piola-Kirchoff This result shows that stress depends nonlinearly on the tension. 2*2*2*2*2 Finally, for the shear stress S12 we have: > diff (w,’e12') as = 2*al3*e12+2*a3*el12*C*exp (al*ell”~2+a2*e22*2*a3*e12~2+2*ad*el1*e22*el*e2 Brain Although brain tissue is not forgotten
when we think about tissue mechanics, the mechanical properties of brain tissue are of interest for at least two significant applications: the understanding of head injury and the simulation of neurosurgery. In the first case, we need to know the response of brain tissue under very high load rates. In these circumstances, the ability to model viscoelastic
effects in brain tissue loading would be required. For neurosurgical simulation, the load would be slower, approaching the limit of a quasi-static load. Miller and Chinzei (J. Biomechanics, 11/12:1115-1121, 1997) recently presented a nonlinear elastic-viscoelastic combination constitutive of brain tissue. We will focus on model applications for very slow
loading, where brain tissue can be modeled as non-linear elastic. Miller and Chinzei used a plate loader to test brain tissue samples as shown below: Due to the delicacy of brain tissue, only one load cycle was applied to the sample. A typical stress-strain curve for brain tissue at the slowest loading rate along with the measurement model from Miller
and Chinzei is shown below: For the finite deformation of brain tissue, Miller and Chinzei proposed the following energetic function:To note, that in contrast to urging energy functions we have studied so far, this is a function of the deformation tensor of the left cauchy not the deformation tensor of the right cauchy. In the case of slow-speed test
results that are better modeled without viscoelastic influences, Miller and Chinzei discovered that experimental data could be more suitable with only two constants. By using these constants, which is the case in which n = 1 in the summation, the energy function of effort becomes: the kidney is another fabric that is not thought in terms of its
mechanical properties. However, even if the kidney is not a load-bearing tissue, its mechanical properties are important in at least three cases: trauma, surgical simulation and simulation for radiation treatment, where renal deformation can affect the envelope to which the Radiation is delivered. Farhad et al. (1999, J. Biomech, 417-425) recently
presented both experimental and theoretical models for non-linear mechanical behavior of pig kidneys. FARSHAD et al. He performed extensive mechanical tests to determine the multi-axial behavior of the renal tissue, including non-axial compression, triaxial compression, uniaxial voltage and triaxial compression. They discovered that only 5 cargo
Newton were sufficient to cause a significant deformation of the renal tissue. They discovered that 20 n of strength would be sufficient to break the fabric. To shape the behavior of the Non-Linear Rene Stress Stain, Farhad used a known mechanical model like the Blatz-Ko model. This model concerns stress s to the main relationships of stretch L as:
where g and a are constant that adapt to experimental data. They discovered that renal tissue was anisotropic with different experimental constants for different test directions. In particular, they found: A = 6.8 EG = .005 for a ring road to = 3.9 EG = .0025 For a radial testing direction by integrating the above expression for stress, we can derive an
effort energy function for The renal tissue: so, as with other soft tissues, we can derive a function of energy effort to describe the constituent behavior of the renal tissue. For facility purposes, it would now be possible to report tissue structure measures to experimental constants in the voltage energy function. Miocardium overflowing A classification
of soft tissues for which material models have only been developed recently is that of muscle tissue. There are three types of muscle tissue: 1) skeletal or striped, 2) smooth and 3) cardiac. An important challenge in modeling muscle tissue is that in addition to passive non-linear properties, muscle tissue can generate strength, defined activation force.
Also, as we saw in blood vessels Adaptation of the media layer, muscle tissue fits in response to mechanical stimulus. The ability of the cardiac muscle to adapt to the mechanical stimulus believed to play an important role in heart and normal heart development The function depends significantly on cardiac development (XIE and PERUCCHIO, 2001).
It is believed that the development of myocardium trabetoulate in the heart is modulated by stress and tension fields. To test hypotheses regarding the mechanical influence on the development of myocardial, you must first be able to calculate stress and tension fields. This requires the development of a material model for myocardial. In addition to
having non-linear material behavior, myocardial has a hierarchical structure (like all organic soft tissues). An example of XIE and PERUCCHIO (2001)'s trans-beculated microstructure is shown below: Therefore, to determine the overall or effective behavior of the trabecular myocardium, XIE and Perucchio assumed an energy function for the
myocardial microstructure, based on the previous work of Taber : Where A, B and CF are constantly determined constant, I1 is the first invariant of the strain tensor of Lagrange Green Lagrange, and EFF is the green-Lagrange tension in the direction of muscle fiber. The first term is similar to other soft tissues and represents the non-linear passive
properties of Myocardium Trabeculated microstructure muscle. The second term is new and represents the fact that muscle fibers can generate active stress. When modeling muscle as a non-linear material with a potential generation of active stress, a common approach is to write the energy tension function in two parts: 1) a part that represents
property of passive tissues and 2) a part that represents the generation of active force. This general approach can be written as: Where WP is the energy voltage function written for passive properties and WA is the energy voltage function written for active functionality for generation. It is imporant to note that the above energy voltage function is
written for the myocardial trabeculated microstructure. To determine the general mechanics of the heart muscle, we also have a material model for the mechanics of the overall effective heart. The mechanics of the actual heart will be a function of the properties of the microstructural material, as well as the architecture of myocardium trabeculato. In
order to determine effective behaviour, we must also propose a material model for the actual level. Xie and Perucchio have proposed the following passive and active energy functions: in the active voltage function of the WA function, normal strains are used as a resize factor to represent alignment and stiffening of muscle fibers with increasing
tensions. To calculate the experimental constants Al - A7, XIE and Perucchio simulated the response of myocardial trabeculate that assuming the properties of the microstructural material subject to a biaxial state of strain, and the third direction of tension fixed at zero: whereare components of the green -Lagange tension tensioner. The
correspondence to the boundary conditions illustrated below: an additional set of boundary conditions was then used to test the connection of the first boundary conditions representing uniaxial uniaxial Below is an example of the numerical model from XIE and PerUCchio: After performing the numerical simulation, calculating the mean stress of the
2nd Piola-Kirchoff and the Green-Lagrange strain, an optimization procedure was used to calculate the coefficients for the proposed material model. The optimization model calculates the coefficients of the model in such a way that the stress calculated by the material model corresponds to the fact that from the calculation of the finite element: where
the components of the 2 A° Piola-Kirchoff stress tensor are calculated as usual by differentiating the energy voltage function compared to the green -Lagange Strain Components: the results that show They show the stress behavior for passive and active tissue in biaxial deformation is shown below: The results showing the data from numerical
simulation and the optimal fit for the uniaxial case is shown below: In this work, the Finite Element Calculation plays the role of the mechanical test. This manuscript demonstrates the nonlinear hierarchical behavior of soft tissues and the use of optimization technique to calculate constants for the material model. A general proposal for an energy
tension function due to the constant nature of nonlinear mechanical behavior of soft tissues, FUNG proposed a general form of a tension function that could be adapted to any soft tissue. Since it is a general function, it contains many experimental constants that can be overlooked depending on the tissue. This general tension function of the function
contains the two main characteristics of any energy tension function we have examined so far: a measure of deformation and constants to be suitable for experimental data: where A, B, G and K are all constants to be experimentally and e is the green-lagrange strain tensor. This general shape would be a framework for coherent modelling of soft
tissues and the development of relationships with structural function. Structure, function and adaptation of blood vessels I. La Panoramica A AAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA “We don't see them often in this
context, blood vessels are subject to mechanical stress during blood pumping. Therefore, blood vessels must have mechanical properties that can withstand these stresses. Again, the mechanical properties of blood vessels are a function of the structure of the underlying tissue. Since blood vessels are soft collagen tissues (with a good dose of elastin,
another biomolecule), their stress-deformation behaviour resembles that of other soft collagen tissues such as ligaments and tendons. Therefore, we can approximate their behaviour under cyclical stress as material. non-linear, which involves the modeling of hyperelasticity. In addition, it seems that blood vessels like other biological tissues like to live
in a stress/homeostatic strain range. Stress/strain values outside this range will lead to adaptation and changes in tissue structure. In this section, we will provide a brief overview of the structure of blood vessels, followed by an overview Modeling blood vessels as hyperlastic materials and the relationship of the properties of blood vessels to their
structure, and finally, a description of mechanically mediated adaptation of blood vessels. II. Structure of blood vessels in general The circulatory system of blood vessels can be divided into those vases that supply oxygenated blood to tissues: arteries, arterioles and capillaries, and those vases that return the blood with carbon dioxide for gas
exchange: veins And the Venules. The basic structure of all these ships can be divided into three layers: 1. The intimate 2. The media 3. The adventure are the materials that make up these layers and dimensions of these three layers themselves that differentiate the arteries from the veins And even an artery from another artery or a vein from another
vein. A scheme of the "mechanical properties of living tissues" by Fung shows below provides an overview of the different structures in the different types of blood vessels: although a little difficult on the reproduced scheme, the arteries have a large layer of media compared to the veins. Because the smooth muscle is generally found in the media
layer, this means that the arteries have the smooth muscle to contract that the veins. The arteries have a greater quantity of elastin than the veins. So, the veins have a higher relationship than collagen to the elastine than arteries. Furthermore, veins have a layer of adventure more often in proportion to the media layer than to arteries. Here is the
composition of each layer of a blood vessel: intimate: more interior layer contains endothelial cells basal foil (80 Nm thick) Subendothelia layer with collagenous bundles, some media elastin: the average level is mainly muscle cells smooth collagen fibrils (collagen Type III) divided by a layer from Elastin's layer (Lastina is a very elastic protein, it can
suffer a stretch ratio of 1.6, about 80% of the strain) Advent: the upper layer collagen fibers (mainly type III , differ in sequence of amino acids from I and ii) fibroblasts of vegetable substance An example of the percentage of all the components is given below in a table from Fung: III. Blood Vessel Mechanical characterization and structure-function
Once we know something about the fabric structure, the next natural question is: How does this structure contribute to the mechanical function? If we see the mechanical behavior of blood vessels using the typical stress stress curve of non-linear soft tissue, we can make qualitative statements on how fabric constituents affect mechanical behavior.
Roach Burton in 1957 digested collagen by blood vessels with trypsin and elastin digested by blood vessels with formic acid. They found that collagen contributed mainly to the linear region of the nonlinear stress curve, while elastin contributed mainly to the tip of the stress curve. We can see this in the curve of the stress strain from an underlying
human vena cava: A¢ Ac AAAAAAAAAAA A AA”Another critical aspect of the behavior of blood vessels is residual stress. This means that even in the discharged state, there is still stress in the artery. This residual stress depends on the thickness and composition of the artery. In fact, since the arteries are reshaped in response to mechanical
stress the amount of residual stress changes, as we will see in the section on mechanically mediated adaptation for the vessels. One sign of the amount of residual stress is how much the blood vessel will open when cut. Since the blood vessel is under stress when we cut the sh1p, the stress of holding the ship together is removed and the blood Vessel

behaviour of the fabric. For a hyperelastic model, we have to use an energy voltage function. For blood vessel mechanics, there are two types of tension functions often used. The first form often used is the polynomial form, which is described below in terms of components of cylindrical strains AAAAAAAAA "Where A1 A1 A1 Al are constant
materials and the strains are the same as those described above. A The second form uses an exponential function: the above forms transcend stress from cutting, assuming a very thin ship. To calculate the stress components, we differentiate the energy voltage function from the strain strainAs can be expected from differences in tissue structures,
there are differences in the constants for the energy functions of the voltage for different arteries. Plotting Strain Non-linear curves with Matlab: To get some understanding of how coefficients in the voltage energy function affect the shape of the effort curve, we will use Matlab to trace the effort curve for carotid and aorta arteries molded using one
Power function of polynomial effort. The voltage energy function is shown below: To obtain the 2st component of stress piola-kirchoff sqq, we differentiate the energy function of the voltage compared to EQQ (we can also get SZZ differentiating W compared to EZZ): (I ) First we create a series of strains with Ewww = (0:99) / 99. We adjust the EZZ log
to 10%. This explains a very important aspect of non-linear stress relationships. The quantity of tension in one direction can affect the non-axial voltage in the other direction. We use the following constants in the stress report above for the plot: Artery C (KPa) A1 A2 A4 Carotid 2.9 2.5 .46 .176 Upper Aorta 3.38 2.8 .52 .58 We perform the code above,
we obtain the following textures, where the upper curve It is the aorta and the lower curve is carotid artery: to see the sensivity of stress derived from the function of effort energy to the parameters in the function of effort energy, first vary the constant C, passing from 2.9 to 3.9. We have the plot shown below: let's see that there is slightly increasing
moves the curve to become more rigid, almost the entire graft. If we increase Al from 2.5 to 4.5, we get the following chart: here we see a drastic stiffening of the material, especially in the linear area. Though Statistical results are not reported in the text, you can see that related tissue-specific attributes such as the amount of collagen vs elastin at
constants in the stress energy function such as C, al, etc. are a way to characterize the structure function in soft collagen tissues, as long as we use consistent, the same stress energy functions. In addition to derving stress energy functions for the entire blood vessel, Fung performed bending experiments on arteries and used composite beam theory
to perform some constants for each layer. He found significant differences in the linear portion of the stress curve for the mid-intimate layer versus the adventia layer. In the thoracic arteries of pigs, he found a modulus of 43.25 KPa for the intermediate layer but a modulus of only 4.7 KPa for the fallout layer. These results indicate that the difference
in structure between the layers affects the mechanical properties. III. Mechanically and Disease Mediated Adaptation of Blood Vessels There are main ways that the structure of the blood vessel tissue changes through aging, disease and change in mechanical load. Sometimes it is a combination of all three factors. For example, hypertension or
hypertension is a disease that lifts the mechanical load on the blood vessel. Due to higher stress, the structure of the blood vessel is altered. An example of a disease that alters the structure of blood vessels and consequently mechanical properties is diabetes. An example of changes in mechanical properties due to diabetes is seen in rats after a single
injection of stretozocin. Fung presents the changes in material properties according to the energy stress function shown below: where al, a2, a4, and C are material constants, and E11 and E22 are components of the Green-Lagrange strain content. Again, we get the second Piola-Kirchoff stress content if we differentiate the deformation energy
function from the variety: For the above stress energy function, we get the stress component S11 for example as: if we see that stress is definitely a nonlinear stress function with the highest order terms and the exonen It’s In rats we have diabetes, Fung and colleagues measured the material constants for the above mentioned stress energy function
of the thoracic aorta artery in normal rats and those 20 days after the onset of diabetes. Although he did not report changes in the structure of tissues in the text, he did notice profound changes in the nonlinear stress curve and material constants in the energy stress function for diabetic rats, with their aorta becoming stiffer, as shown below: You will
also notice that the constants in the energy function of tension change significantly. That means we can use the constants. proposalsEnergy functions to quantify changes in the function of blood vessels due to changes in the structure. Therefore, the function of energy tension becomes a conduit to quantify the function of the structure of soft collar
tissues, just like the law of Hooke's anisotropic is a way to quantify the relationships of the function of the bone structure. As mentioned, the increase in mechanical stress of the ship due to increased blood pressure can cause changes in tissue structure and mechanical properties. Fung and Liu performed an experiment in which he puts rats in a low
oxygen chamber, similar to changes due to elevation. The nitrogen was added so that the total pressure was the same as that at sea level. They found that systolic blood pressure increased from 2.0 kPa to 2,93 kPa in a few minutes after the rat was in the room. After a month, the pressure went up to 4,0 kPa. Istologically, they observe significant
changes in the structure of the lung artery tissue even after a few days. Even after a few hours, there are changes in histological coloration that indicate a change in the total amount of elastin in the ship. After 12 hours, there is a significant thickening of the multimedia layer in the pulmonary artery. After 96 hours, Advancing has also experienced a

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAIntermsofmechanical properties, Fung reported the change of opening Angle of artery, a
measure of change in residual stress. They note that before exposure to higher pressure, residual stress in the artery was greater than that of controls. However, after prolonged exposure, residual stress, measured by the opening angle, decreased, indicating that adaptation changes had reduced residual stress. Bone structure I. A A A A "Panoramics
A A A A "We begin our section on the function of the fabric structure and the adaptation of the mechanically mediated fabric with bone tissue. This is for two reasons: 1) From a mechanical point of view, the bone is historically the most studied tissue, and 2) because of 1) and the simplest behavior of the bone compared to soft tissues, more known on
bone mechanics in relation to its structure. The bone is also a good starting point because it illustrates the principle of the hierarchical structure function that is common to all biological tissues. In this section, we illustrate the anatomy and structure of bone tissue as a basis to study the function of the fabric structure and the adaptation of

mechanically mediated tissues. Let's begin for the first time describing the hierarchical levels of the bone structure (anatomy) and then describe how these levels are builtbone cells that remove and add the matrix (physiology). .aAAAAAAAAAAAA A Bone in other bodies of human mammals and is divided into two types: 1 cortical bone, also
known as a compact bone and 2) trabecular bone, also also alsoas a gated or spongy bone. These two types are classified according to the porosity and microstructure of the unit. The cortical bone is much denser with a porosity that varies between 5% and 10%. A The cortical bone is found primary in the stem of long bones and forms the outer shell
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