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ABSTRACT

This article gives introductory information about the “General Aspects of Advanced Biomechanics”. The study 
has been realized within the scope of a Ph.D. lesson which is lectured by Asst. Prof. Dr. Emin Taner ELMAS. The 
name of this Ph.D. lesson is “Medical Engineering and Advanced Biomechanics” and taught at the Major Science 
Department of Bioengineering and Bio-Sciences at Iğdır University, Turkey. İsmail KUNDURACIOĞLU 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 (İsmail KUNDURACIOĞLU) homework assignment tasks which was prepared 
using the summary translation of Reference [19]: Book Part 1.  [1-61]
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Introduction
Doing science always starts with a question about the world 

around us; These questions can sometimes be qualitative, sometimes 
quantitative. One of the most important elements that distinguish dif-
ferent fields is the questions that each field asks. This article seeks 
answers to some interesting questions in the field of biomechanics. 
These questions, which are very closely related to everyday life, deal 
with ordinary issues that form the basis of biomechanical research. 
For example, what are the factors that determine the transition from 
walking to running as you increase your movement speed? Or what 
are the factors that influence the concentration of red blood cells in 
marine mammals? [19] In addition, issues such as questioning why 
the mechanical properties of the threads produced by spiders are un-
usual, and the relationship between blood pressure and height of oth-
er mammals are touched upon. The swimming problems of various 
creatures moving on the surface and the factors affecting the maxi-

mum heights of trees are other topics discussed. As a result, these 
questions are both directly related to everyday life and play an im-
portant role in the development of scientific thinking. Fields such as 
biomechanics stand out as a resource that current education does not 
benefit enough from, offering the opportunity to put scientific think-
ing into action [1-61].

Method, Findings and Discussion
Intersection of the Physical and Biological Worlds

Science has evolved over the past few centuries in a fragmented 
structure, and this provides complex ground in understanding the in-
teractions of organic life with its physical world. Using the differenc-
es in habitat in which organisms live, it is important to understand 
how the structures of each species help with certain functions. In this 
context, their evolutionary history, ancestry, and especially their sim-
ilarities offer clues to the functioning of organisms. When biology and 
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physics are combined with information from engineering courses, im-
portant insights into how organisms work can be provided. Howev-
er, chemistry and geology are less useful in this context [19]. Biology 
conveys the message that, from a genetic point of view, all organisms 
are a family. However, the heterogeneity of life reveals rich and di-
verse forms that exhibit the creativity of the evolutionary process. 
The squirrel cannot be confused with the tree it climbs, nor does it 
bear any resemblance to its own order of microorganisms. This gives 
rise to the idea that nature can create anything through evolutionary 
innovations. However, some factors cannot be changed by natural se-
lection. As one of the few species that can resist surface tension, when 
a particular object is enlarged, its surface area decreases relative to its 
volume if its shape remains unchanged. In this context, life has to cope 
with a non-biological world [19].

The fundamental laws of physics impose strong constraints on 
the design of living systems. Rather than limiting the effects of organ-
isms in the physical world, these constraints provide opportunities 
for observers and researchers. For example, thin-walled cells can 
withstand pressures that would cause an explosion in the arteries. On 
the other hand, the slippery substance on which a slug glides can ex-
hibit both solid and liquid properties. The theme argues that the de-
sign of organisms reflects the inevitable characteristics of the physical 
world, that this world imposes constraints and offers opportunities. 
However, instead of a comprehensive examination of all physical in-
formation, the focus will be on mechanical and macroscopic issues. In 
particular, given the terminological differences between biology and 
physics, the specific terms of these two fields create difficulties in un-
derstanding. Terms used in biology often have complex origins, while 
terms in physics and engineering give different definitions to ordi-
nary words. Although the concept of energy has a specific meaning 
in the physical sciences, it is difficult to express in simple words [19].

Adaptation and Evolution—Biological Context

This chapter is an introduction to understanding how the con-
cepts of evolution and design interact. The process of evolution, if 
it is completely blind and aimless, is misleading, the term design is 
misleading; Because design usually points to a foresight and purpose. 
Questioning why organisms appear to be well-designed poses a sig-
nificant problem. Therefore, it is worthwhile to review the concept of 
“evolution by natural selection” [19].

Observations:

•	 Each organism can produce more than one offspring, so 
populations of organisms have the potential to increase continu-
ously.

•	 An organism needs a certain amount of resources to survive 
and reproduce, and these resources are never unlimited.

•	 A population reaches a certain maximum level in an area. 
When the maximum level is reached, more individuals are pro-
duced who do not find enough resources; This means that some 
individuals will not survive.

•	 Individuals in any population show differences that affect 
their reproductive success, and some of these differences are 
passed on to the offspring.

•	 Traits that lead to greater success in reproduction will be 
seen more often in the next generation; therefore, these traits are 
said to be “naturally selected”. Here we mean the choice between 
pre-existing variations, not in the sense of design.

Reflections of the Model

The model is portrayed as a positive feedback loop. The indirect 
effects of natural selection arise when the system is compared to a 
more direct model. Darwin could not accept that acquired traits are 
usually not inherited; However, today this situation is clearly under-
stood. In modern biology, this model is one of the least controversial; 
All aspects have been observed and tested. Competing models’ efforts 
to produce biodiversity often do not correspond to reality. Given geo-
logical time and faulty inheritance mechanisms, it is difficult to un-
derstand how evolution could have been avoided [19]. In Figure 1a, 
the model is depicted as a positive feedback loop. This emphasizes 
an indirect effect of natural selection and is presented as a system 
that works on its own success. Figure 1b represents a more direct 
model. Darwin could not rule out the inheritance of acquired traits; 
However, today it is understood that acquired traits are generally not 
inherited. These explanations show how two different approaches to 
understanding the workings of natural selection are compared. Fig-
ure 1a emphasizes how natural selection works and the cycle of suc-
cess, while Figure 1b offers a more direct model by addressing the 
inheritance of acquired traits. Both figures are important reference 
points to illustrate the complexity and controversial points of natural 
selection [19].
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Figure 1: Logical schemes for self-reproducing developing systems. 
a)	 The indirect mechanism of evolution by natural selection is the dominant evolutionary tool of life on earth.
b)	 A more direct mechanism involving the continuity of advantageously acquired traits. [19]

Natural selection operates most directly on organisms; not on 
cells or communities. An organism is considered to be the reproduc-
tive unit and defines its “fitness” for its success in producing offspring. 
(There are cases when indirect contributions need to be made to the 
reproduction of relatives or other relatives, but this is not of much im-
portance at the moment.) The selection process knows almost noth-
ing about the species; On the contrary, there is little he does “for the 
benefit of the species”. This process also does not directly deal with 
the parts of an organism. In the process of development, a large num-
ber of cells die in a timely manner; It is not possible to describe these 
cells as more “fit” than others. A tree often sheds its leaves; These 
leaves were not as suitable as the others—the term “fitness” refers 
only to the reproductive potential of the potentially reproducing indi-
vidual, the organism referred to here as the whole tree [19].

We functional, organismal biologists are often accused of assum-
ing perfect design in the living world; This is because we think that a 
reasonable fit between the organism and the habitat is a useful work-
ing hypothesis. For some, “adaptationism” has become a pejorative 
term for this practice. However, it is not easy to show that a particular 
structure performs a specific function and evolves only under selec-
tion for that function. At the very least, perfection requires an infinite 
number of generations in an unchanging world, and “unchanging” 
implies not only a stable physical environment, but also an absurd 

scenario in which no competitive species undergoes evolutionary 
change. Beyond that, we see that the process of experience is an incre-
mental process. In such a scheme, major innovations are not a simple 
matter. Traits that may eventually be useful are rarely permanent in 
phases where they are not useful. Finally, a design that is fundamen-
tally better can compete with a fundamentally worse but well-tuned 
design; Paleontologists call this “session priority” [19]. 

Two Areas of Biomechanics

Biomechanics occupies its own unique place among the various 
fields of biology. Today, biomechanics can be studied in two branches. 
In North America, the term “biomechanics” is recognized as a branch 
of human functional biology. This area covers topics such as the effi-
cient design of devices that people will use, mechanical prosthetics, 
rehabilitation or movement associated with athletics. Biomechanics 
has specialized journals and active national and international orga-
nizations; Its practitioners are often involved in physical education 
departments, engineering and medical schools. The other field stud-
ies biological systems in terms of size, structure, lineage, and habitat 
diversity. Evaluates biological materials, structural mechanics and 
all kinds of movements. It also addresses issues related to fluid me-
chanics, from how organisms resist flow forces to the functioning of 
circulation and other internal fluid transport systems. It investigates 
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the effects of environmental factors on biological structures by asking 
questions about both living and extinct species. Thus, the design and 
functioning of organisms; It reveals how it reflects physical variables 
such as gravity, viscosity, elastic modulus and surface tension [19].

Some researchers have begun to refer to this latter field as “com-
parative biomechanics”; This bears a similarity between “compar-
ative anatomy” and “comparative physiology” and their human or 
medical equivalents, “anatomy” and “physiology”. This field is part of 
a larger subject defined as the study of functions at the organism lev-
el; In more formal terms, it is physiology and functional morphology 
[19]. Figure 2 highlights how the field of comparative biomechanics 
relates to fields such as physical education, engineering, and medi-
cine, and how it forms a whole with these fields. That is, the figure 

visually represents the relationship of the discipline of biomechanics 
with other branches of science and explains what position it occupies 
in this context [19]. Comparative biomechanics has a history dating 
back to Borelli’s 1680 work De Motu Animalium, et al. [56] and per-
haps Aristotle’s work of the same name. However, in this area, to a 
certain extent, there seems to be a revival. According to the (subjec-
tive, of course) summary counts made at the annual meetings of the 
Society for Integrated and Comparative Biology, between 1985 and 
1995 significant biomechanical contributions increased from 5% to 
12%; At the 2001 meeting, it was 27%, and now it is about 33%. How-
ever, by today’s standards, it still remains a field with relatively few 
researchers; This shows that it has a good potential in terms of more 
problems. Therefore, even a new researcher can gain a significant 
foothold in this field [1-61].

Figure 2: Relative approach to the relations of comparative biomechanics with other sciences. Athletics and biomimetics are only implicitly 
biomechanically excluded [19].
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Conclusion
The topics discussed in this study have revealed how broad and 

multidimensional the questioning processes that form the basis of sci-
entific research can be. While curiosity about the phenomena around 
us plays a key role in shaping qualitative and quantitative questions, 
these questions also pave the way for the development of scientific 
thought. The study of issues closely related to everyday life in the field 
of biomechanics provides an understanding of how movement inter-
acts with environmental factors as well as the structural and function-
al arrangements of organisms. For example, issues such as the transi-
tion between walking and running, the distribution of blood cells in 
marine mammals, the extraordinary mechanical properties of spider 
silks, the swimming dynamics of living things, or the factors affecting 
the maximum height of trees make it possible both to seek answers 
to fundamental questions about natural phenomena and to transform 
scientific thinking into practical applications [19].

The processes that take place at the intersection of the physical 
and biological worlds offer important clues in understanding the evo-
lutionary past and the ways in which organisms adapted to habitats 
and habitats. While natural selection, through dynamics such as the 
reproductive capacity of organisms, the limitation of resources, vari-
ation and adaptation, helps to explain how living things appear to be 
“well designed”; The reflection of the laws of physics, structural me-
chanical principles, and environmental factors on the forms and func-
tions of organisms reveals the complexity of evolutionary processes. 
This approach emphasizes how organisms are shaped under the inev-
itable constraints of the physical world and how subtly their survival 
strategies evolve. Furthermore, it is possible to see that evolutionary 
processes are driven not only by randomness or coincidence, but also 
by certain genetic mechanisms and feedback loops behind natural 
selection. Observations reveal that the reproductive potentials of or-
ganisms and the limited nature of environmental resources lead to a 
continuous process of competition and adaptation between species. 
This can be better understood through models that depict both the in-
direct and direct effects of natural selection. Therefore, the process of 
evolutionary change should be considered as a continuous and com-
plex set of interactions, rather than a single directional or predictive 
design [19]. 

The two main branches of biomechanics reveal the distinction be-
tween approaches that study the functions and performance of the 
human body and methods that deal with the general structure and 
mechanical properties of biological systems. The part that focuses 
on human functional biology covers a wide range from the design of 
mechanical prostheses to the analysis of athletic performance; The 
comparative biomechanics approach traces evolutionary processes 
by comparing the structural and functional characteristics of differ-
ent species. The interaction and integration between these two fields 
enables biomechanical research to shed light on both practical appli-
cations and fundamental scientific questions [19]. Overall, this study 

reveals how scientific thought and research can be enriched with an 
interdisciplinary approach. The fact that both the structural and func-
tional features of organisms are shaped by the complex order of na-
ture and evolutionary dynamics highlights the fundamental principles 
found at the intersection of biomechanics and evolutionary biology. 
The interactions of environmental factors, physical laws and genetic 
mechanisms show how multidimensional the evolutionary journey of 
organisms is. While this perspective offers new opportunities to seek 
answers to questions that cannot be adequately addressed in current 
education and research systems, it is clear that it will open important 
horizons for scientists and researchers in the future. As a result, these 
investigations in the field of biomechanics provide a solid foundation 
in understanding the complexity of nature’s unique design principles 
and evolutionary processes [1-61].
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