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Abstract: Biomedical engineers represent significant multigtnary and interdisciplinary interconnectiontethnical,
humanities and natural sciences. By integratingeaaptlying technical, physical science disciplirethe fields of biology
and medicine, they enable comprehensive systenetslef tissues and organisms as a whole to hesnéled. The ability
of targeted, regulated proliferation, differentatj tissues / organ / organism reparation enatadesmly to improve the
quality of healthcare but also to improve the gyaif life of the injured individual. The goal ofdiogical engineers is
to better understand, replace or fix a target sydi ultimately improve the quality of healthcadg.[In this brief,
transparent article, we focus on the various anEbomedical engineering research in the world.

1 Introduction neural, prosthetic, telemedicine, etc., resultingnerve

Biomedical engineering is the fastest growingrostheses, bionic vision, intelligent nanoterapies
career and this trend is expected to continue theenext replacement tissues / organs, parts of systems [1].
decade. Biomedical engineers educate and prepate ne Advanced computer models provide the means to
generation leaders to advance bioscience a@gcurately interpret diagnostic values in new waysving
biotechnology via quantitative, integrative, andsige US towards a more personal therapy. In additiosirtgply
oriented analysis & synthesis of molecular andutail Providing technical aids, bioengineers enable ackdn
biological mechanisms at the intersection of engjimg, information, sensors and wireless monitoring tetbgies
the life sciences and healthcare. These are sevei@lfacilitate the interpretation of patient heaitata and
diagnostic, analytical, monitoring, imaging, thezapc Prompt decision-making by physicians on the thestipe
devices, such as medical devices, have been dedelpp approach.
biomedical engineers. For example: cardiologicahts,
defik?lrillators, IECG, rrtlolnotorousI equipnzent H()DLTERZ TERM - tissue engineering and
mobile cardiology ambulatory telemetry (MCOT), EEG, ; e
RTG, CT, MRI, fMRI, PET, cochlear implant, anesthes regenerative medicine
monitoring  technology, ~pacemakers, rehabilitation ... ;
systems, prosthetics, laser surgery, sophistiaiedinci
surgical robot [1].

An increasing gap between organ donation a
organ transplantation has inspired scientists nd fout
alternative approaches and substitutes to makertieans
functional. The US National Institutes of Healthsha
defined regenerative medicine as “the process ea#tirg

Iflvmg., fuqcnor:jal tissues to (rjgpaw or rgplacesma ororgan - medicine in whiclex-vivoreplacement tissues, organs, and
unction lost due to age, disease, damage, or oWabe i or pody parts are developed, e.g. skin, eadshaniike.

defects” [2]. Tissue engineering prowdes_ a 9enerifisse engineeringvolved from the field of biomaterials
structure for the emerging field of regenerativediciae development and refers to the practice of combining

that has significant potential for orthopedic aggtions [3- scaffolds, cells, and biologically active moleculiego

12]. Advances |n_mp!ecular, _ceIIuIar_, and_ t|ssge|dgy_ unctional tissues. The goal of tissue engineerngo
have led to significant discoveries in biomedica

) - . ssemble functional constructs that restore, mainta
engineering in the areas of nanotechnology, tissleand improve damaged tissues or whole organs.
chemical engineering, stem cell, neural cell redgaand
so on. They lead to the development of "micro lgvel

Regenerative medicine is a relatively nevolving

n which many medical, biological and physical

sciences are used primarily to address the lablotrfgical

organs and tissues available for transplantaticghemapy,
condary to organ or tissue pathology. The branohe

regenerative medicine are tissue engineering, ditgn

platforms, cell and therapeutic therapies, supp®rti

technologies [8, 9].

Tissue engineering is a field of regenerative
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The subject of cell therapy researshnbw
increasingly in the therapy of applied pluripotstgm cells
for their repair properties in the treatment ofhpdagical
conditions. Cellular collection kits and new teafues for
their delivery have been developed, which are asddols
of regenerative technologies in the clinical enwvinent
(Figure 1). For example: A tissue-engineered graft be
seeded with pluripotent cells and then be mainthine
culture media while having mechanical stimulus egabio
the graft in order to aid in differentiation andtomation of
the tissue-engineered construct. [3, 7-10, 13].

Figure 1 A commercially available bioreactor is dpd in this
image (DynaGen bioreactor system, Tissue Growth
Technologies, Minnetonka, MN, USA) [14].

restoring function and regeneration of diseasesth¢is and
organs. Since cell function occurs at the nanonstaie,
nanotechnology can influence and even alter cellula
behaviour, which ultimately enhances the functignai
tissue or organ. The ftraditional approaches of
nanotechnology in regenerative medicine can beactia:

1) nanoparticles; 2) scaffolds with nanofiberss@&ffolds
with  nanotopographic modifications; 4) drug/gene
delivery; and 5) extracellular matrix (ECM) pattex
The newer and rational approaches include a coribtima
of these traditional methods [2]. Supportive tedbges
appear to be an essential aspect of regeneratisieime
Other of example of regenerative medicine technoisg
harvesting, isolationin vitro cultivation, proliferation of
the pluripotent stem cell of a patient, and subsatu
inoculation on scaffolds (Figure 2). The scaffcédde then
seeded with cells that have been growing in Péshes.
These cells can be harvested from either a stdrtineebr

a donor ideally the recipient of the transplante Tdell-
scaffold construct is then bathed in a medium that
encourages the cells to grow and multiply. As thlsc
multiply, they begin to acquire the shape of thaffetd,
which eventually breaks down and is absorbed by the
tissue. Scaffolds allow three-dimensional orieotatiand
potentially help in the organization and differatittn of
stem cells. In order to promote stem cell diffetaian and
remodelling into mature end-organ tissue, variausvth
factors and mechanical stimuli are applied. Assalteof
the tissue engineering process, a new tissue [mwe for
surgery, suitable for transplantation, reconstomcti

Regenerative medicine has evolved tremendousdybstitution that is theoretically optimized to elecate the

in recent years and appears to be a promising agipria

A

W

Nanofibrous scaffold
for bone regeneration

healing and regeneration process (Figure 2) [14].

MSCs harvested from
human or animal
source

Cultured MSCs on nano
maltrices resulting in
preferential differentiation
toward osteoprogenitor
cells

Implantation of these

P S scaffolds or MSCs into
S the fractured bone enhances
the healing potential
Q / o]
C N
P L

Figure 2: Schematic representation of bone regeti@maising nanotechnology. Improved bone healsiggi(A) nanofibrous
scaffold and (B) culturing mesenchymal stem cellaano matrices [2].
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The stem cell field is also advancing rapidly[24]. The term biomechanics is used to describe the
opening new avenues for this type of therapy. Tpewtic  application of mechanics to biological systems 285,
cloning and cellular programming may one day prevdd Biomechanics in studying how motor systems create
potentially limitless source of cells for tissueggreering movement and strength often use traditional tecresq
applications. While stem cells are still in thea@msh that are insufficient to clarify the mechanics ofirg
phase, some therapies arising from tissue engmgeerisystems. Mechanisms of biological systems are lysual
endeavours have already entered the clinical gettimuch more complex than mechanical systems andreequi
successfully, indicating the promise regeneratieglicine more recent and advanced analytical techniquesinAs
holds for the future [14]. other areas of bioengineering, biomechanics ardéieabp

The terms “tissue engineering” and “regenerativaot only at the macro level, but also where thatgpare
medicine” have become largely interchangeable,has tconnected, but can also be studied at the moletzuat.
field hopes to focus on cures instead of treatmémts In fact, the mechanism of biological systems atrttaero
complex, often chronic, diseases. This field cargto level is affected by what occurs at the level ofsoies,
evolve. In addition to medical applications, nontissues and molecules.
therapeutic applications include using tissues@sehsors Biomechanics provides conceptual and
to detect biological or chemical threat agents, tisglle mathematical tools that are necessary for undetistign
chips that can be used to test the toxicity obgreemental how living things move and how kinesiology professils
medication [15]. The UK government highlightedmight improve movement or make movement safer. The
regenerative medicine as one of the key eight greapplication of biomechanics to human movement @an b
technologies in their industrial strategy worthy oftlassified into two main areas: the improvement of
significant investment. The long-term aim of susfels performance and the reduction or treatment of ynjur
biomanufacture to repair composite defects depemds Another application of biomechanics is in the matlic
interdisciplinary collaboration between cell bioktg, areas of orthotics and prosthetics, in relatiopriventing
material scientists, engineers, and associated calediinjury, but many prosthetics are being designecthfove
specialties; however currently, there is a curtaok of the performance e.f. of disablet athletes etc.riiology
coordination in the field as a whole [16]. Applicet of is a field of biomechanics that deals with frictiovear and
regenerative medicine technology may offer novdlbrication, especially for human joints. For exdmp
therapies for patients with injuries, end-stageanrfailure, questions such as implantation of the knee duehéo t
or other clinical problems. Currently patients etifig influence of time, such wear is influenced by the
from diseased and injured organs can be treateld witibrication effects of the synovial fluid and thileel
transplanted organs. Scientists in field of regaties
m_edi_cine and tissue enginee_ring are now applyimg ty Biorobotics
principles of cell transplantation, material scignand
bioengineering to construct biological substituttes will
restore and maintain normal function in diseased a
injured tissues [17].

Biorobotics is a term that loosely covers the field
of cybernetics, bionics and even genetic engingeas
"4 collective study.

With an undestanding of biomechanics, engineers

Department of Sports Medicine and Department qf, .\ qovelon bioloai . >
' - © p biologically inspired robots with imped
Orthopedic Surgery, Faculty of Medicine, Wake FOreSnd enhanced capabilities over traditional robatsich

University, Medical Center Boulevard, Winston-Salem, o gy shall we say robotic! Biologically inspinesbots

Norf[h Carolina 27157, USA created tiss.ue_s Of. .ueethrhave greater mobility and flexibility than traditial robots
vagina, bladder neck and bladder in association tiisue 4~ jsen possess sensory abilities. Biorobotic

engineering. They are currently developing ves$®8&/t o.p,o0gies are often utilized to provide assistato

vzlzl\1ets,|an|mall musc:jest, ez?]r, f'n%eésig'fgiés' e}?g'gﬂ accomodate a deficiency either as fully functionialgots
Skeletal muscles and trachea [ T .]‘ S or highly advanced prosthetic, the latter represené area
new bioprinting techn_ology or microorganisms enc_iblein which neural engineering and biorobotics interses
them to produce microscopic liver structure, HUSSUByh gisciplines are required in order to firshsiband then

strgctlg(rje of the bladder gnzdouzrgthr?, Fes’;}es,a:gm#sic:]e, generate movement.Such devices may also be used to
and kidney structure [6,20-23]. It is hoped thalhw o q e the state of disease, track progress er off

ongoing collaboration, these technologies couldfygied . ioractive training experiences than can speedveey

to patients_ at the Department of Sports Medicind anm  5p injury or stroke. Biorobotics encompasses
Arthroscopic Surgery [3].

a diverse array of disciplines with a myriad of kgadion.

. ) Researcers in Italy are developing artificial segsskin

3 Biomechanics _ o that can detect pressure as contact is made witibjait
Biomechanics and bioengineering aretedldo [27]. Tactile sensors are important not only foif-se

engineering, including the application of princpléaws standing robots and limb prostheses but as a mefns

and methods of mechanics to develop and improveadied restoring the sense. Stanford engineers creafieiattskin
diagnostics, biomedical devices and biomechanicaleis
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that can send pressure sensation to brain celurgig). Within the larger field of computational biology,
Stanford engineers have created a plastic skimii&ierial  bioinformatics also known as ,computational molecul
that can detect pressure and deliver a Morse chee-l biology" focuses on the exploration of biologicabpesses
signal directly to a living brain cell. The workkes a big at the molecular level.Sophisticated algorithms are
step toward adding a sense of touch to prosthietibsl developed to study genes (genomics), gene expnessio
[28]. (transcriptomics), proteins (proteomics), lipids
(lipidomics), metabolites (metabolomics), and otbel-
bound molecules [1,32-35]. Dynamic molecular and
cellular processes are revealed by mapping, visogland
recognizing patterns in sequences and expressiDiNAf
and proteins, analyzing protein structures, modelin
molecular pathways [1, 36-39].

The Physiome project represents an international
effort to better understanding of physiology using
a computational framework that crosses multipletiaba
and temporal scales [1].

The increasing need to manage and interpret the
large volume of data and information gleaned frbese
activities has increased research efforts in theasarof
mechanoreceptors (Credit: Bao Research Group/Stdnfo  qatabases, computational techniques and tools, and

University [29] complex human-computer interfaces that allow users
archive and retrieve data. But bioinformatics and
computational biology are not to be confused wigalth
informatics, which focuses on the mining of patidata
for clinical applications [1].

The team of engineers and scientist® f@altech
and ETH in Zurich have developed artificial skiattltan
detect temperature changes [30].

Italian scientists are also exploring the potenfaal
early diagnosis of autism by monitoring sensoryanot
development through mechatronic-sensorized tog as
rattles with force and contact sensors [31]. Thie o
application of biorobotics requires contributionorfr
biomedical engineers studying tissue engineeriegyai
engineering, biomimetics.

Endoscopic robots at the tip of probe can, fo
example remove a polyp during colonoscopy. An
mechatronic handheld tools allow surgeons to méateu
their hands at the macro level while affecting &mi
responses from mechanical device opening at theomic

level. One day, this could even lead to , ceIIuIaKA knowled )
surgery“[1]. cknowledgemen

This article was supported bythe state grants KEGA
5 Bioinf ti dc tati | 063TUKE-4/2016(30%), KEGA  069TUKE-4/2017
loInformatics and Lomputationa (40%)and APVV 15-0356 (30%) of the Ministry of

Biology _ o _ Education of the Slovak Republic.
Computational biology and also bioinformatics

draw upon many of the same disciplines to derigéruit,
but related information about biological processeReferences

Bioengineers working in computational biology mightll] About Biomedical Enai ; ; ;

. gineering, [Online], Availkh
explore how blood floyvs throug_h the body or howfkmvg https://www.embs.org/about-biomedical-engineering/
through the lungs. This ,plumbing” can be mathenzly [01 June 2017], 2017.
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Conclusions

The use of tissue engineering as well as regemerati
medicine technology is an exciting paradigm forvisa
the problems of orthopedic medicine and prosthetics
Although biological and tissue engineering solutiare
urrently limited, the future has great potentiat the

rther development of existing technologies thah c

ultimately improve surgical results, accelerateovecy
and reduce postoperative rehabilitation constraints
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