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Physiological and anatomical
background

Importance of human anatomy and
physiology for BME

BME is an interdisciplinary field based in both

— engineering and

— life sciences

Important that biomedical engineers

— have knowledge about both areas

— are able to communicate in both areas

Basic components of the body must be understood
and how they function to

— understand | imitations of engineering with respect to
human body

— exchange ideas with medical professionals
— develop new ideas

* Anatomy

— internal and external structures of the body and
their physical relationships

Physiology
— functions of those structures
* Medical terminology

Anatomical positions

superior - inferior

— superior vena cava is in the chest, inferior vena @in the abdomen
distal — proximal

— upper arm is proximal to the elbow, lower arm is disidahe elbow
medial — lateral

— nose is medial to the eyes; ears are lateral teytte
central — peripheral

— central nervous system is located along the maincdutize body;

— peripheral nervous system is outside the central nesystsm
anterior (ventral) - posterior (dorsal)

— trachea is anterior to the esophagus, while esophagastirior to the
trachea

Anatomical positions

superficial — deep
— Superficial blood vessels are closer to the skin thase that lie deep
in the abdominal cavity.

afferent — efferent

— la neuron is afferent leading to the spinal cord bubmeiron is
efferent because it leads to the muscle

descending — ascending

— ascending and descending aorta

internal — external

— intra- and extra cellular space is divided by cell mamér
dexter — sinister

— heart is usually located on the left side of the thora
ipsilateral — contralateral

— rmand leg can be ipsilateral (on the same side) gsitaed
contralateral (on opposite side)
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Body regions
. Ofic {ear)
 Axial Nasal (oo » head
Oral (mouth)

— head, neck, chest,
abdomen, pelvis

« appendicular

Cervioal (neck)
J " Acromial {peint of shoulder)
Axrlary (armpit)

Mammary (braast)

— cephalic = head
— cranial = skull
— frontal = forehead

) (
(=limbs) Niiachie () — occipital = back of the head
— upper and lower Anfecubital {irant of elhow _ temporal =on the temple im‘:.;% : =
141 ‘Amtabrachial (forearm) leo el e
extremities S— — parietal = on the crown me O\
G:IE\ c‘lsplf:ducuvﬂmgans _ Oral - mOUth %ﬁ Emsmj o
arpal (wrist)
Patmar psim) — nasal = nose
Digital {finger)
Tarsal (ankla)
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Body cavities
« Thorax « Abdomen « hold the internal organs i
_ Pectoral = chest — Celiac = abdomen » dorsal cavity N
. . . . ody Cavities
— Mammary = breast — Pelvic = lower portion of — cranial (brain)
— Axillary = armpit abdomen — spinal (spinal cord) oo T
— Vertebral = backbone ~ — Gluteal = buttock * ventral cavity 3
i — H ) Spinal Ventral
_ Costal = ribs — Inguinal = groin _ thoracic: iy canty
— Groin = depressed region|of « lung, heart, trachea, esophagu Len™
abdomen near thlgh - AdemlC ::VI\I/‘IE /I Abdorming pelvic
— Lumbar = lower back » stomach, intestines, liver, splet e
pancreas, kidneys, gall bladde

— Sacral = where vertebrae
terminate

— Pelvic
_urinary bladder, rectu




Body organizations

e Atom

— submicroscopic
* Molecule

— formed by a group of atoms
¢ Cellular or Organelle

— tiny membranous structures that perform cell functions
» Tissue

— composed of similar types of cells and performs a spédaiiction
* Organ

— composed of several types of tissues and performs aytartiunction
* Organ system

— group of related organs working together

« Organism
— aliving thing 1 X
Cédllular organization Célls, compounds
+ Cells « carbohydrates

» smallest anatomical and physiological unit in the
human body
« composed of

— organic compounds
« carbohydrates, lipids, proteins, nucleic acids

« work as energy packet, storehouses of energy and heyeditar
information, structural materials, metabolic workers

— water (60 % of the weight)
— most common elements; C, H, N, Ca, F, K, Na, Cl, Mg

— Function:
 structural material,
* transport,
* energy storage
— Types:
« Monosaccharides (glugose)
« Oligosaccharides (lactose, maltose)
« Polysaccharides (glycogen)

* lipids
— Greasy or oily compounds that dissolve in each
other but not in water
— Function:
« structural materials in cells
« main reservoirs of stored energy

* proteins
— Most diverse form of biological molecules, built from a
small number (20) of essential amino acids

— Enzymes (specialized proteins):
« Make metabolic reactions proceed at a faster rate
« Enable cells to produce the organic compounds of life

— Structural elements in a body
< Act as transport channels across cell membranes
< Function as signals for changing activities
« Provide chemical weapons against disease-carryingriaacte




Nucleotides and nucleic acids

* Nucleotides: small organic compounds that
contain
— afive-carbon sugar (ribose or deoxyribose)
— aphosphate group, ATP (adenosine triphosphate)
=ENERGY of the cells
— Nitrogen-containing base
Nucleic acids

— DNA, deoxyribonucleic acid
« Helical molecule that contains chains of paired
nucleotides that run in opposite directions

— RNA, ribonucleic acid

— Contain
+ Pyrimidine bases: thymine (T) or cytosine (C)
« Purine bases: adenine (A) or guanine (G)

Cédlular organization

* Cells

— Cells are surrounded Ipfasma membranéat
separates (not isolate) cell’s interior from its
environment

» Plasma membrane

— Gives mechanical strength

— Provides structure

— Helps with movement

— Controls the cell’s volume

— Controls cell’s activities by regulating the movemsg
of chemicals in and out of the cell
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« Plasma membrane is composed of:

— Two layers of phospholipids (fat) interspersed with
proteinand cholesterol

* Proteins are:
— binding sites for hormones,
— recognition markers for identifying cells
— adhesive mechanisms for binding adjacent cells tg

Peripheral protein
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Plasma membrane Plasma membrane

* Permeability,P [m/s]
— D = diffusion coefficient
— h = thickness of the membrane
» Some molecules can easily cross the plasma
membrane:
— gases: oxygen, carbon dioxide
— small uncharged polar molecules: urea, water
 Other substances must move through the
protein channels
— large molecules and ions

P=D/h

* Permeability

— transport mechanisms:
 passive transport
— movement of dissolved matter toward thermodynamical
equilibrium (along the electrochemical gradient)
« direct diffusion through the lipid
« electro diffusion through the protein channels
« facilitated diffusion through channels (carrier mediated)
« active transport
— consumes energy

— as a result of the active transport, an equilibriuaciseved
that differs from the thermo-dynamical equilibrium

— can occur against the electrochemical gradient




Plasma membrane

* Permeability
— Osmosis
« Process by which substances move across a selggtiermeable
membrane (=plasma membrane)
— Diffusion:
« Movement of molecules from an area of relativafyhhconcentration to an
area of low concentratior=( diffusion equilibrium)
— C= concentration
— D =diff. coefficient
— f=friction
— Active transport
* Requires energy (ATP) to move ions across the mamnebusually from
low to high concentration area
* Na-K pump
« Generate ion gradients across the membrane
— For transport processes and to generate electric signals

Jo=D(AC/AX), D=KT/f

Plasma membrane

* Role to regulate cell volume
— By controlling the internabsmolarityof the cell

— Osmolarity = concentration of dissolved substancgs
« 1 Osm =1 mol of dissolved particles in liter of a solution|
« high osmolarity = low water concentration

Tissues

» Tissues:

— Groups of cells and surrounding substances that
function together to perform one or more
specialized activities

« Tissue types:

Foiar types of tissee

Epithelial tissue

— absorption (small
intestine),

— secretion (glands),

— transport (kidney
tubulus)

— excretion (sweat glands)

— Epithelial
— Connective — protection (skin),
— Muscle — sensory reception (taste
buds)
— Nervous
Muscle tise HeErvous tiisue
Connectivetissue

* Most abundant and widely distributed

» Loose (woven fibers around and between tissues)

« Irregularly dense (protective capsules around organg
» Regularly dense (ligament and tendons)

« Specialized connective tissues
— Blood
— Bone
— cartilage
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Muscle tissue

« Provide movement for the body

 Specialized cells that can shorten in response
to stimulation and then return to their un-
contracted state

* Types:
— Skeletal (attached to bones)
— Smooth (in the walls of vessels)
— Cardiac (only in the heart)

Types of Muscle

T
il LIk

Skeletal muscle

Cardiac muscle

Smoath muscle

Nervoustissue

» Consists
— neurons that conduct electrical impulses
— Glial cells that protect, support and nourish neuro

NEURON

Dendrites (2 >
Axon Terminals (rs:wm) 4 el
ttramsmitters) Body
Schwann's WNT
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Major organ systems

» Organs:
— Combinations of tissues that perform complex
tasks
¢ Organ systems
— Organs that function together
— 11 organ systems

« Integumentary, endocrine, lymphatic, digestive, urinary,
reproductive, circulatory, nervous, respiratory, skeletal,

muscular
It ;
Axon T
(the conducting ~ Myelin Sheath
fiber) (insulating fatty layer tnat ,
speeds transmission) = 2 w
100% "M 100% Integumentary
1
Right Heart Left Heart zi .
Hart 4. 3% * Functions
Brain 14% — provides body covering, =
Sheletal e —15% | A — protection, B
. N e
Vol b g g s 't' — synthesis of vitamin D,  smummen_Zee3
[ R 17 strotum basale — =
; Gastro- e — site of cutaneous recept et
intestinal o, hete flicle ———
n system, A qr — and sweat glands
s Spleen 1 i oot e —
) | e e comprises of I
Liver W 6% S _ Sk|n tootana
Kidney a 22% H .
— Hair
Skin m 6% .
— [ — Nails
8% .
Ot J—— — various glands




Endocrine Digestive
* Functions * Functions X}
— secretes hormones that regulate many chemical actions — ingest food and water ]
within cells (growth, reproduction, metabolism) — breaks food down into sms¢
» comprises of Endocrine System molecules which can be
— ductless glands va°lha‘5m§;1/5§;;w absorbed and used by cell
b Vi — i
— Thyroid e rem(.Jves solid wastes
— Pancreas Thypus » comprises of
.\- Thyroid and T
— Adrenals ; Palaihyroids — oral cavity
— ovary, testes oot vl Gand g — Esophagus
— thymus, thyroid W Kidn&y//. - S_tomach
— Pituitary Pancreas — Liver
— pineal male o O Homate — Intestines
a7 — other structures
Urinary Reproductive
« Functions » Functions
— maintains the fluid volume of — produces eggs or sperm
the bod URINARY SYSTEM X X )
eliminatyes metabolic waste S e — provides a mechanism for the production and
sl e oot s nourishment
— helps regulate blood presst corex | nkney i ¢
L]
- regulates acid-basmnd i comprises o
Lo ¢ ‘addominal aorta 1
water-salt balances ] e — ovaries
g yan commonii ven
. comprises of ek / — testes
— Kidneys o veinand ey — reproductive cells
urinary bladder
— ureters . s — accessory glands and ducts
— urinary bladder — mammary g|and
— urethra
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Circulatory Circulatory
« Functions * comprises of E—
— serves as distribution system of various substancgs — heart S
and solutions for the body — blood o
* nutrients, hormones, oxygen _ blood vessels ; W
— removes waste products - —
vasep « divided to ‘ \ -~
« carbon dioxide . . < | ’
. . ' — arteries/veins
— provides mechanism for regulating temperature arnd ) sty
removing the heat generated by the metabolic — systemic/pulmonary """’
activities of the body’s internal organs
saphenous vein ﬁk;l‘;\::‘ew
M (/) S
41




Circulatory

arteries veins

capillaries

Blood pressure
(mm Hg)

(em/se;

Large  Small Arterioles Venules Veins Fluid squeezed out of Fluid reéntering capillar
arteries arteries Capillaries capillary by blood pressure by osmatic attraction
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¢ heart
— two sides

* lungs—left—body
* body—right—lungs

— Chambers
* vein—
— atrium—
— ventricle—
— artery

Superior \JI\} Aol
vena cava Pl Pulmonary artery
Tolung : —~ Tolu
e o g — From lung
From lung — i3 4 Pk
Right monery
BRI Left atrium
Pulmenary () Aortic valve
taiv % - Left ventricle
Atrioventricular \
valve
Inferior [1
bl Right ventricle
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Circulatory

* blood

—volume 5 liters
* 75% in systemic
* 20% in pulmonary
* 5% in capillaries

— cardiac output 5-20 I/mii
* stroke volume 80 ml .
* heart beat 60-200 bpm

cardiac cycle

/ Right

Vena Cava —
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Aorta Pulmonary ~ Veins
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N\ e
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cardiac cycle 2 I e
Y
P . « cardiac cycle Nl =
JL_ S a7 — Systole Y
! Diashsis N”l Systole — Diastole ’“\:""‘:
Venibicuts — pressure
A | Systole i
Cardiac Cycle J — volume o
i — flow
Rapid \\T’/
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cardiac cycle

cardiac cycle
« Electrical « activation
activation sequence
» conduction| e T . ECG
SYSeM | o
Atrioventricular Node Left Posterior
(AVN) Fascicle (LPS)
fxconhigred Left Ventricle
Left Anterior
Right Ventricle Fascide (LAD
Purkinje Fibers
(PFY
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Circulatory Lymphatic/l mmunity
. Lymphatic System
« role of BME ¢ Functions
. i — returns excess fluid and protein to
— electric activity the blood .

« electrophysiology, electrocardiology
« cardiac pacemaker, defibrillator

— pumping function damage
« assisting devices, artificial valves e comprises of
— Hemodynamics _ Glands
« pressure, flow: measurement, modelling — lymph nodes
— coronary arteries, ischemia - Lymph
« imaging: angiography — lymphatic vessels
* by-pass, stents — spleen
5 — bone marrow 5

— part of immune system: helps def
the body against infection and tiss

Respiratory

« functions
— delivers oxygen to the blood from the air
— carries carbon dioxide away

» comprises of
— airways
— upper airways
* nasal cavity
* Mouth
« pharynx, larynx
— lower airways
« trachea
« bronchi
— lungs
«_alveoli

Respiratory
 physical properties
— compliance Ay
* expansion : s
— elasticity Wit
« return to original i
sizes after distended g5 bronchus
— surface tension ?ﬁ "7’{"% oy
« resist distension Tranchinls @ taryme

. T frachea

— flow resistance alveoli




Respiratory Respiratory
 breathing (ventilation) * lung mechanism
~ mechanical process composed of: — study of mechanical  Tecernd on s speometer
« inspiration (active) properties of the
— inspiratory muscles contrast Inspiratory
— thoracic cavity enlarges |Ung and chest wall Reserve .
i Volume
— alveoli enlarge= _ Iung VOIUmeS RV Ii(spi oy
— alveolar gas espanés Restng | 'Capacity /x‘
— pressure within lungs drops below atm. presstre _ P Tidal, | \ Ic
— air flows in (Boyle’s law) Iung CapaCItIeS il \ ! ﬁ‘f‘ﬂm Lung
 expiration (passive) - spirometer E;piratnrv Ve
— inspiratory muscles relax . pesive i
— thoracic cavity returns to its original volume volume Changes VgﬁTe Frl:::it;n“ 2! c;:a:
— normal frequency: 15-20 breaths per minute + flow rate ol e e
* pressures RV
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Respiratory Respiratory
 gas exchange
— between blood and alveoli PCO2=40
o PO2=100 @)
— direction and rate of movement of gas depends o @)
« partial pressure gradiestdiffusion L %
- P1ge=100 P2,.=45
« surface are of alveoli: O —=
— about 3.5x108 alveoli =60-70 m2 for gas exchange =— C02 - ©) 3
« thickness of membrane that the gas must pass trough P2oo=40 /| Plow=45 % £
« diffusion constante solubility and molecular weight of %
S 2
gas (Fick’s law) @) =
H
Alvealar-Capillary Interface
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Nervous Nervous
* Functions
L. . Nervous System (NS)
— regulates most of the body activities detecting and P |
responding to internal and external stimuli periphora NS contralns
— higher (intelligent) function
. Autonomic NS Somatic NS Brain Spinal Cord
» comprises of
— central nervous system Y icNS P ic NS Fnre?ra‘n Midbrain  Hindbrain
« brain, spinal cord I T *—‘ |
) T Di Met m Myeleicephalg
— peripheral nervous system 1 1 1 1 1
+ somatosensory and motor nerves Bona Gangis - Hynathatamus 1 oqmer oons Medulla
— somatic and autonomic sensory system Do amhus

— Sensory organs




Bran
Cerebelium

Spinal cord
Brachial plexus

Musalocutanecus
nere

Radial nerve herve
o
e
edon e e
e bate
Gentolemaral pih
s
‘ o
oo neve o
‘ o
Unerneve ) neve
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Deep peroneal nerve.

Superficial percneal nerve:

U
Mustular branches.
of famoral nerve

Saphenous nerve

Nervous

skyll

neve

Parasympathetic

Constricts pupil .

Constricts bronchi

Stimulates digestive e
activity =

Stimulates
galblzdder C

Contracts

Sympathetic ganglia

Nervous

Sympathetic

Dilates pupil

Inhibits
salivation

Accelerates
heart
Thoracic

Stimulstes glucose
velease by liver

Secretion of epinephrine and
norepinephring from kidney

bladder ! [ )
Relaxes reckum P 2

W Relaxes bladder

Conkracts reckum

Nervous

« role of BME - -
— electroencephahography :ﬁf”"“"’"
,EEG g
— imaging
— neuroprostheses

neurostimulators

PSR T A

« functions

Skeletal

anterior The Skeletal System po o,

& stan—7 )

— provides protection ar  swemm B o

support

— provides as sites for ! )
muscle attachments gud4 r—_. D
— production of blood i 1 Arcerom
cells, calcium and -
phosphorus storage w

e comprises of

Vertebral
‘Column

‘/u....\,t‘ 4

J+—Phalanges—'

- — bones 1 i _J
— cartilage s =
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Muscular Muscular
« functions « role of BME
— moves the body — functional
ant its internal nerve
parts % a stimulator
— maintains posture WAVEBEA" e — muscle
— produces heat e stimulators
R compnses Of :Iulwsmslimw _ fOrCe and ga|t
— skeletal muscles St amor analysis
— 600-700 muscles
— smooth muscles .
— heart muscle i
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