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Abstract

This article gives general information about the “Medical Body Mechanics and Human Muscles™.

The study has been realized within the scope of a Ph.D. lesson, which is lectured by Asst. Prof. Dr. Emin Taner EImas. The name of this Ph.D. lesson is “Medical
Engineering and Advanced Biomechanics” and is taught at the Major Science Department of Bioengineering and Bio-Sciences at Igdir University, Turkey. Ismail
KUNDURACIOGLU is a Ph.D. student, and he is one of the students taking this course. This article has been prepared within the scope of this Ph.D. lecture, as
a part of one of his (Ismail KUNDURACIOGLU) homework assignment tasks which was prepared using the summary translation of Reference [1]: Book Chapter
2. [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28], [29], [30], [31],
[32], [33], [34], [35], [36], [37], [38], [39], [401, [41], [42], [43], [44], [45]. [46], [47], [48], [49], [50], [51], [52], [53].[54], [55]
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Introduction

Medical Body Mechanics and Muscles

Body mechanics is one of the cornerstones of biomechanics and is critical to improvement of physical performance.[1], [2], [3], [4], [S], [6], [7], [8], [9],
understanding the movements and force applications of the human body. The [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23],
human body is both an extended and irregularly shaped structure; it is a [24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37],
heterogeneous organism in terms of mass distribution. Body mechanics deals [38], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48], [49], [50], [51],
with how balance is maintained in different positions of the body, how forces [52], [53],[54], [55]

are transmitted, and the interaction of the muscles and skeletal system. .. ) )
Y Method, Findings, and Discussion

Muscles create movement and regulate posture by the forces they exert on
g P Y v 2 Static Mechanical Properties

bones. This interaction enables walking, running, lifting, and other physical ) . . ) .
8 & 8 Py Static mechanical properties are a branch of science that examines the forces

activities in daily life.[1 . o . .
Y o an object encounters while it is stationary and its response to these forces.

Concepts used in body mechanics include volume, weight, density, center of ) . . .
P Y & Y The human body is also under the influence of a series of static forces. These

mass, moment of inertia around different axes, torque, and levers. Whether ) .. ) .
forces are important for maintaining balance in the body, maintaining posture,

the human body is at rest or in motion, muscle activity is essential for the . - . .
v y and maintaining stability during movement. Understanding how the body

proper functioning of these mechanisms. A detailed examination of body . C . . .
reacts in these static situations is necessary to analyze mechanical properties

mechanics, muscle function, contraction mechanisms, and their effects on ) )
and ensure the efficient operation of the musculoskeletal system. [1]

body movements are very important for athletes, physical therapists, and

biomechanical engineers. In addition, this understanding plays a major role Density

in ergonomics, improving athlete performance and physical rehabilitation Density is an important physical parameter that expresses the amount of mass

processes. Understanding the biomechanical structure of the human body per unit volume of an object and plays a critical role in biomechanical

offers significant opportunities for the treatment of various diseases and the analysis. The human body consists of components with various densities due
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to its different tissues. These components include bones, muscles, fat tissue,
and other organs, each with different densities. For example, muscle tissue
has a lower density than bone tissue, which allows muscles to provide greater
flexibility and mobility. Muscle density is directly related to the strength and
endurance of the muscle. In areas where muscle density increases, it can be
observed that the capacity to produce power also increases, but this increase
is not always directly related to strength. Muscle density should be evaluated
together with other mechanical properties such as flexibility, speed, and
endurance. [1]

Determining the average body density is very important to estimate the ratio
of fat tissue in the body compared to other parts. To calculate body density
correctly, we need to know the mass (m) and volume (V). The mathematical

formula for this relationship is as follows:

_m
(P)—V

It is usually easier to determine mass, but it is more difficult to determine the
volume of an irregularly shaped object. Some methods used to measure
volume include measuring the displacement of water by completely
submerging a person in a tub of water or measuring density directly by
following Archimedes' procedure. The average density of a body can be

calculated using the following formula:

Fy
(pm‘icut) =Psu X <F1 — F2>

Here, F1 and F2 represent the weights of the person before and after
immersion in water, respectively, and is the density of water. [1]pg,

The densities, relative mass ratios, and volumes of the major components of
the body—bones, muscles, and fat—are listed in Table 1. These data are used

to calculate average density and help determine the total density of the body.

Table 1: Average density, mass ratio, weight, and volume values of bones, muscles, and other tissues for a person with a mass of 75 kg and a volume of

0.07 m3. Gender differences are not taken into account.

Density [g/cm?] Relative mass fraction [%] | Mass [kg] | Volume [m?]
Bones 1.2 12 9 0.0075
Muscles 1.04 29 21.75 0.0209
Other tissues 0.92 59 44.25 0.048

With these data, the average body density can be calculated as follows:
(Dviicut) = (Myemix + Miqs + Mygg + )V

As a result, body density usually ranges between 1.03 g/cm?® and 1.08 g/cm?.
This indicates that the human body has a density similar to that of water and

requires very little effort to float. [1]

2.2 Center of Mass
The center of mass is the point where the mass of an object is balanced and

plays a very important role in body mechanics. The center of mass of the

human body is a determining factor in movements such as walking, running,
and jumping. This point changes constantly during body posture and
movement. In an upright posture, the center of mass is located in the middle
of the body, just above the pelvic region, while in dynamic movements, such
as walking, the center of mass moves constantly around the body. Correctly
determining the location of the center of mass is important, especially for
athletes, to optimize performance and reduce the risk of falling. In addition,
center of mass analysis is a critical tool in physical rehabilitation processes

to ensure balance and activate muscles correctly. [1]

Figure 1: Three axes of Symmetry of the Human Body [1]
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The human body can be described by its planes of symmetry. In order to
understand the symmetrical structure of the body, a coordinate system can be
created using the xz plane (sagittal plane), yz plane (coronal plane), and xy
plane (transverse plane) (Figure 1). These planes determine the axes of
symmetry of the body and provide important information for estimating the
location of the center of mass. The medial line is defined by the intersection
of the coronal plane and the sagittal plane, and the center of mass is located

along this line. One of the methods used to determine the location of the

center of mass is to place the person on a pivot point and measure the other
side on a scale. In this method, the center of mass can be calculated using the

lever rule. The relevant formula can be expressed as follows:

lem. + Foiicur = ldengeFdenge

Here, represents the length of the lever from the pivot point to the center of

mass, and represents the length of the lever from the pivot point to the scale

(Figure 2)~ [lllk.m.ldenge

Figure 2: Regulation for determining the km of a person [1]
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The center of mass can be separated between the two main parts of the body,
the upper body and the lower body. A distinction can be made between the
center of mass of the upper body half (cranial km) and the center of mass of
the lower body half (caudal km). These points are important to understand
how the body's posture changes and how the location of the center of mass is
affected. For example, when a person bends forward, the center of mass
shifts, and this new location can be found by connecting the cranial and
caudal kms with a straight line. In this case, the body's center of mass is
exactly halfway between these two points. [1]

Knowing the location of the center of mass is of great importance for many
physical activities. Especially for athletes, this information improves
performance by ensuring correct posture and movement. For example, in the
high jump, the center of mass passes under the bar as the jumper passes over
it, a factor that directly affects the jumper's success. In this way, center of
mass analysis is a valuable tool for athletes to optimize their movements and

improve their physical performance. [1]

Body Mechanics

Body mechanics is a branch of science that explains the basic principles of
human body movement. It helps us understand the interaction between
muscles and bones, how forces and moments are distributed, and how the
body maintains balance in different postures. Studying body mechanics is
critical to improving the functionality of the muscles and skeletal system,
preventing injuries, and developing efficient movement patterns. This plays
a particularly important role in improving the performance of athletes and in

rehabilitation processes.[1]

Mechanical Models

Mechanical models are theoretical simulations used to understand and
simulate body movements. These models express the interaction of muscles
and bones on a mathematical and physical level. The human body is a
complex system that transmits force and motion between muscles and bones.
Therefore, understanding the mechanical structure of the body allows us to
simulate body movements more efficiently. Muscles and bones in the body
work like lever systems; muscles apply force to bones and provide

movement. [1]

Consider an upright posture. Approximately 70% of the body weight (BW),
or 0.7 BW, is in the upper body, and this weight is balanced by both legs.
Each leg works to support 0.35 BW. When one leg is lifted, the other leg must
support the entire body weight, which corresponds to 0.7 BW. However,
balancing on one leg requires the hip adductor muscles to contract, which
increases the force exerted on the femur. The forces exerted between the
muscles and bones used to balance the body’s posture can be illustrated with
simulations such as the rod and rope model. [1]

When the body is lying down from a bend, the erector spinae muscle is
engaged to balance the force between the middle of the spine and the lumbar
vertebrae. The total force applied to the lumbar vertebrae to which this muscle
attaches can be as much as 3 VA. Such mechanical models can help optimize
body movements and help athletes move more efficiently. They are also an
important tool for injury prevention, because efficient movement cannot be
achieved without a proper understanding of the force transmission between
muscles and bones. Optimization of the mechanical system plays a critical
role in the proper activation of muscles and the efficiency of the body's

movement. [1]

Levers

Levers are among the simple machines that allow force to be focused at one
point and create a greater effect at another point. The human body performs
different movements using these mechanisms. Muscles and bones activate
the lever system in the body, thus providing force transmission. Different
types of levers are used in the body's daily movements; for example, climbing
stairs or lifting weights. [1]

We can divide levers into three classes according to the relationship between
the load (F1) and the lifting force (F2). In first-class levers (a), the load and
the lifting force are on opposite sides of the pivot point. Such levers provide
a mechanical advantage because the load arm (11) is short and the lifting arm
(12) is long (Figure 3a). In second-class levers (b), the load and the lifting
force are on the same side. In this case, a mechanical advantage is also
provided, and such levers provide more efficient movement (Figure 3b). In
third-class levers (c), the load and the lifting force are reversed, and the lifting

arm is shorter, reducing the mechanical advantage (Figure 3c).
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Figure 3: a) First class lever; b) second class lever; c) third class lever. [1]

Fr=mg

Levers provide the following balance condition. This provides a power
advantage in some levers, while in others, it can provide advantages in terms
of speed and agility:

LE, =L,F,

The most common type of lever in our body is the third-class lever. For
example, the movement of our arm and forearm is done with these types of
levers. Here, the load arm (forearm) is long and the lifting arm is short. When

the biceps muscle contracts, this muscle lifts the arm by applying the lifting

force (F2). Although the advantage of this movement is low, it is quite
effective for the body's agility and fast movement ability (Figure 4c). [1]
The lever in the chin can be given as an example of a first-class lever. The
balance point is thought of as the point where our neck is connected, and the
back and front of the head provide balance (Figure 4a). The areas where
second-class levers are located, such as the feet and legs, provide a stronger
lifting force. The entire body can be lifted, especially by standing on tiptoe,
which shows that the legs create a strong lever (Figure 4b). [1]

Figure 4: a) Lever in the jaw (Class 1 lever), b) Lever in the foot (Class 2 lever), ¢) Arm lifting an object (Class 3 lever) [1]
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This force provided by the body's mechanical structure, using different levers,
allows movement, agility, and speed to be optimized. This system allows the

body to move quickly and efficiently instead of lifting heavy loads.[1]

Femur

The femur is the longest, strongest, and heaviest bone in the body, and is an
important structure that underlies many movements. It is the largest bone in
the leg, connected to the pelvis, and supports most leg movements. The
biomechanics of the femur are critical to understanding how body weight is
transferred and how it interacts with muscles. In particular, the femur carries
the weight of the upper body and interacts with the leg muscles, which
generate large forces. [1]

When standing, the upper body weight is placed on both femurs, and the
power of the hip and thigh muscles exerts large torques on the femur. The
forces on the femur also vary during movements such as walking, running,
and jumping. These forces create torques. For a standing body, this torque is
approximately 20Nm, but during walking, it varies between +50Nm. [1]

The biomechanics of the femur also change with age. The Caput-Collum-
Diaphysis (CCD) angle, which is the angle between the neck and shaft of the
femur, decreases over time. In young ages, this angle is approximately 140°,
decreasing to 115° with age. This change can increase the torque on the
femur, causing the bones to lose strength and often crack or fracture. Such

problems can be treated with artificial hip joints. [1]

The femur not only enables leg movements, but also helps the body move
smoothly by maintaining balance. As the largest bone in the body, the femur
is a critical component that both increases the efficiency of movement and

carries most of the body's weight. [1]

Degrees of Freedom

Degrees of freedom determine the number of independent directions in which
a joint can move and greatly influence the mobility and flexibility of the
human body. Each joint in the human body has different degrees of freedom,
which determine the range of motion that each joint can provide. For
example, the shoulder joint has a high degree of freedom and allows for
multi-directional movements. This allows for a variety of movements, such
as rotation of the shoulder, up, down, forward, and backward. The knee joint,
on the other hand, is more limited and usually moves in a single plane, such
as forward and backward. [1]

The degrees of freedom also affect the type of joint movement. Joints with
higher degrees of freedom provide greater ranges of motion and allow the
body to perform a variety of movements. For example, the hip and shoulder
joints have a six-way motion because they have a ball-and-socket structure.
Joints with lower degrees of freedom, however, provide stability and are

better suited for controlled movements. [1]
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Figure 5: Human Body Joint Types [1]
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There are six different types of joints in the human body, each with different
degrees of freedom (Figure 5).

a. Pivot joints: It has a rotary axis and provide rotational movement. An
example is the radioulnar joint.

b. Hinge joints: It has a rotating axis like a pivot joint, but usually
provide left-right or forward-backward movement. The elbow and
knee joints are examples of this.

¢. Metacarpal joints: It has two perpendicular rotating axes and provides
four-way movement. The metacarpal joint of the thumb (the joint
between the first metacarpal bone and the trapezium) is an example
of this.

d. Ball and socket joints: They have three axes of rotation and provide
six-way movement. Hip and shoulder joints are examples of this type.

e. Condyloid joints: They differ from ball and socket joints by their
elliptical shape and have two axes of rotation. Examples include the
joint between the wrist and forearm and the joint between the atlas
and the occipital condyle.

f. Flatjoints: They have a sliding surface that provides linear movement
and no rotational axis. Small joints between the vertebrae can be given

as an example.

Understanding degrees of freedom plays an important role in rehabilitation
processes and physical therapy applications. For example, limitations in the
degrees of freedom of a joint can be treated with physical therapy, or more
controlled movement can be achieved by increasing joint stability. This
concept is also critical for biomechanical analysis and understanding joint

function. [1]

Biomechanics of Walking

Walking is a complex three-dimensional activity that requires the coordinated
work of many muscles, joints, and bones to enable the body to move
smoothly. The normal gait pattern consists of two main phases and a total of

16 subphases. These phases are divided into two main groups: the stance

phase and the swing phase. The stance phase begins when the heel of one foot
touches the ground (heel strike, HS) and continues until the same foot lifts
off the ground again (toe off, TO). The swing phase begins at this time and is
supported by the opposite leg. There is a certain overlap between these two
phases of the gait cycle, between the left and right legs. The stance phase
covers approximately 60% of the cycle time, and the swing phase covers
40%. [1]

The stance phase can be further divided into four subphases: initial heel strike
(HS), opposing toe off (CTO), midstance (MS), and opposing heel rise
(CHO). During these phases, the body is supported by only one leg, which is
called the single support phase. During this phase, the forces and torques on
the femur and knee reach their maximum values. In the swing phase, the cycle
is completed with toe off, midswing, and heel strike. The force distribution
in a gait cycle represents the force at the foot striking the ground and at the
joint between the femur and tibia (tibiofemoral force).[1]

During walking, the body is constantly trying to balance against gravity.
Muscles move the legs and pelvis while also balancing the body weight.
During this balancing process, the center of mass moves with each step, and
the muscles are constantly active to counterbalance this movement. The
biomechanics of walking are concerned with the proper functioning of
muscles and joints, and good walking habits can help balance the body and
prevent injuries from overloading. The ground contact force during walking
exhibits two characteristic maxima: The first maximum occurs during
opposing toe-off (CTO), as the body accelerates upwards towards midstance.
The second maximum occurs as the body decelerates from midstance to
opposing heel-off (CHO). The maximum ground force can be approximately
120% of body weight. At the same time, the tibiofemoral force mimics the
ground force at a higher force level due to simultaneous muscle tension, and

this force can be up to twice body weight. [1]

The walking pattern is repeated approximately 5000 to 8000 times per day

for the average person. The biomechanics of walking play an important role
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in providing efficient movement and balance, which is the result of the
harmonious functioning of muscles, joints, and bones. Walking involves not
only the movement of the legs, but also the transfer of balance and force that
can spread throughout the body, making it an extremely critical process in

terms of body mechanics. [1]

Skeletal Muscles

Skeletal muscles are tissues that are critical for body movement and
interaction with the skeletal system. These muscles perform various
movements in the body by connecting to bones. The structure, contraction
properties, and activation processes of skeletal muscles directly affect the
effectiveness of movement. Muscles play an important role in improving

physical performance, providing strength and endurance. [1]

Structure of Skeletal Muscles

Skeletal muscles are the basic structures that enable the body to move,
accounting for half of the body's weight with approximately 700 different
muscles. Each muscle is made up of muscle fibers that can contract, and these
muscle fibers have a significant effect on the size and strength of the muscle.
Muscle fibers are equipped with smaller structures called myofibrils. The
actin and myosin filaments in the myofibrils slide past each other during
contraction, causing the muscle to shorten. The size of the muscle fibers
directly affects the force produced by the muscle; larger muscle fibers
produce more force, while smaller muscle fibers can contract quickly. [1]
Skeletal muscles form a hierarchical order in their anatomical structure at
four levels. At the first level, there are several bundles (fascicles) that are
visible to the naked eye and provide the muscle with a striped appearance.
Each bundle is separated from the other bundles by a connective tissue sheath
called perimysium. At the second level, there are about 150 muscle fibers in
each bundle, and these fibers are separated by a connective tissue called
endomysium. Each muscle fiber is a multinucleated cell and contains
myofibrils. At the third level, the myofibrils are separated by a connective
tissue called sarcoplasm and are surrounded by a membrane called
sarcolemma. This membrane also contains the sarcoplasmic reticulum, which
plays a role in storing the Ca** ions necessary for contraction. Finally, at the
fourth level, each myofibril consists of hundreds of myofilaments arranged
in sarcomeres. Sarcomeres line up parallel to the long axis of the muscle cell,
and thin actin filaments and thick myosin filaments located between the Z-
discs slide past each other during contraction, causing the muscle to shorten.
1]

The structure of muscle fibers varies according to their function. For
example, leg muscles have stronger muscle fibers, while eye muscles consist
of smaller muscle fibers that can contract faster. This diversity allows
different parts of the body to adapt to different functions. In addition to
providing the body with the ability to move, skeletal muscles work in
harmony with each other so that the muscles can work correctly, and the
contraction movement is completed with antagonist muscle pairs. Skeletal
muscles have a complex organization consisting of basic structural
components such as muscle fibers, myofibrils, and myofilaments. This
structure allows the muscles to create correct movement in the body and for

the body's mechanisms to function healthily.[1]

Contraction Mechanism

The contraction mechanism of skeletal muscles enables the muscle to
produce force and provide movement. This process occurs through the sliding
of actin and myosin filaments of myofibrils found in muscle fibers. The
myofibrils found in each muscle fiber consist of a series of regular structures,
and these structures slide against each other during contraction, causing the
muscle to shorten in length. Contraction occurs with the energy provided by
energy molecules such as ATP (adenosine triphosphate). During contraction,
the myosin heads bind to the actin filaments, forming a cross-bridge. These
bridges slide as the myosin heads move along the actin filaments, causing the
muscle to shorten. This sliding movement allows the muscle to produce force
and creates a macroscopic pulling force on the tendons at the end of the
muscle. [1]

During contraction, tension is increased by the coordinated binding of actin
and myosin filaments. Each cross-bridge is attached and released very
quickly, causing the muscle to shorten further. The force produced by the
muscle during contraction is directly proportional to how powerfully and
efficiently the myosin heads move on the actin filaments. The efficiency of
contraction affects the muscle’s contractile capacity, endurance, and strength.
The force of muscle contraction can be affected by many factors, including
training, genetics, and nutrition. This mechanism increases the body’s
efficiency of movement because muscles produce the force required to

produce movement quickly and efficiently. [1]

4.3 Muscle Activation

Muscle activation refers to the process by which the brain and nervous system
trigger muscles before they begin to contract. Muscle fibers are stimulated by
electrical signals from somatic motor neurons. A motor neuron can stimulate
multiple muscle fibers; this determines the effectiveness of the motor units,
which in turn affects the force and efficiency of muscle contraction. Motor
units are composed of neural units, each containing a certain number of
muscle fibers, that work together. The basis of muscle activation is the
transmission of an action potential from the nerves to the muscles. The action
potential causes the motor neurons to send electrical signals to the muscle
fibers. These signals initiate the chemical reactions in the muscle fibers that
are necessary for contraction, so that the muscles produce force and move.
1]

The stimulation of motor units directly affects the speed and power of muscle
contraction. This process, which regulates the activity of fibers in different
regions of the muscle, allows the muscle to work at the desired power and
speed. Efficient muscle activation increases physical performance in athletes
while also affecting the endurance and speed of the muscles. The contraction
capacity of the muscles varies depending on the frequency and intensity of
the stimulation. The coordination between motor units allows the muscle to
produce maximum power. In this process, the interactions between muscle
fibers lead to different types of contractions (isometric, isotonic), allowing
the muscle to work efficiently. [1], [2], [3], [4], [S], [6], [7], 8], [9], [10],
[11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24],
[25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38],
[391, [40], [41], [42], [43], [44], [45], [46], [47], [48], [49], [50], [S1], [S2],
[53],[54], [55]

Conclusion
The relationship between body mechanics and muscles plays a fundamental

role in understanding the physical mobility and performance of the human
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body. The structural and functional organization of the body is directly related
to the mechanical properties of the muscles. This study examined the static
and dynamic factors in detail to understand the body's mechanical properties
and discussed the function and contraction mechanisms of the muscles. Static
mechanical properties explain the body's ability to maintain posture and
balance with parameters such as the center of mass and density. The center of
mass acts as the body's balance point, while density plays an important role
as a parameter related to the body's environmental interactions. These basic
elements are important factors affecting the efficiency and power of the
body's movement. [1]

Body mechanics models form the basis of biomechanical analyses and are
used to study the interactions between different parts of the body. The role of
the lever systems and the femur plays an important role in providing efficient
movement. Degrees of freedom are the elements that regulate the function of
muscles in particular and determine the range of motion of the body. In
addition, the biomechanics of walking allows the body's movement capacity
to be optimized by examining the dynamics of force and balance during the
step. Skeletal muscles are the main elements that perform the body's motor
functions, and the structure, contraction mechanism, and activation of these
muscles are critical factors that determine the power, speed, and endurance
of movements. The structural features of the muscles provide power to the
body by the coming together of muscle fibers to form motor units, and the
contraction mechanisms enable the muscles to work efficiently. Muscle
activation, thanks to its interaction with the nervous system, allows the
muscles to contract quickly and effectively, which directly affects physical
performance. [1]

The interaction between body mechanics and muscles is of great importance
in optimizing human mobility and performance. This study allows us to
understand how the muscular system works and how we can make
movements more efficient. Knowledge about the structure and mechanism of
muscles is of great value not only for maintaining a healthy life but also for
improving athletic performance, improving rehabilitation processes, and
optimizing various engineering applications related to biomechanical
analysis. [1], [2], [3], [4]. [5], [6], [7], [8]. [9], [10], [11], [12], [13], [14],
[15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28],
[29], [30], [31], [32], [33], [34], [35], [36], [37], [38], [39], [40], [41], [42],
[43], [44], [45], [46], [47], [48], [49], [501, [51], [52], [53], [54], [59]
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