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CATEGORY: OEC II

(For Students admitted from 2018 onwards)
PRE REQUISITE: Electronic Circuits, Measurements & Instrumentation

(45 hrs)

AIM
To provide basic Knowledge about Bio-Medical Instrumentation.
COURSE OBJECTIVES
The course should enable the students to:
1. Introduction to the Fundamentals of Biomedical Engineering
2. The study of communication mechanics in a biomedical system with few examples
3. Understanding the basic principles in imaging techniques
4. Acquiring basic knowledge in life assisting devices
5. Acquiring basic knowledge in life therapeutic devices
UNIT I

ANATOMY, PHYSIOLOGY AND TRANSDUCERS

(9 Hours)

Brief review of human physiology and anatomy – cell and their structures – electrical mechanical
and chemical activities – action and resting potential – different types of electrodes
– sensors used in biomedicine – selection criteria for transducers and electrodes – necessity
for low noise pre- amplifiers –difference amplifiers– chopper amplifiers – electrical safety –
grounding and isolation.

UNIT II

ELECTRO – PHYSIOLOGICAL MEASUREMENT

(9 Hours)

ECG – EEG – EMG – ERG – lead system and recording methods – typical waveforms.
UNIT III

NON – ELECTRICAL PARAMETER MEASUREMENTS (9 Hours)

Measurement of blood pressure – blood flow cardiac output – cardiac rate – heart sound –
measurement of gas volume – flow rate of CO2 and O2 in exhaust air – pH of blood – ESR
and GSR measurements.
UNIT IV

MEDICAL IMAGING PARAMETER MEASUREMENTS

(9 Hours)

X- RAY machine – computer tomography – magnetic resonance imaging system –
ultrasonography –endoscopy – different types of telemetry system – laser in biomedicine
UNIT V

ASSISTING ANDTHERAPETIC DEVICES

(9 Hours)

Cardiac pacemakers – defibrillators ventilators – muscle stimulators – diathermy –
introduction to artificial kidney artificial heart – heart lung machine – limb prosthetics –
orthotics – elements of audio and visual aids
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COURSE OUTCOMES
The Students should be able to
CO1. Understand the Fundamentals of Biomedical Engineering
CO2. The graduate will be able to study about communication mechanics in a
biomedical system with few examples
CO3. Understands the basic principles in imaging techniques
CO4. Acquires basic knowledge in life assisting devices
CO5. Acquires basic knowledge in life therapeutic devices
TEXT BOOKS
1. Webster J.G., Medical Instrumentation: Application and Design, 3rd Edition, John
Wiley and Son, 1999.
2. Khandpur R.S. Hand book of Biomedical Instrumentation and Measurements,
Tata McGraw-Hill New Delhi 1987.
3. Dr.M. Arumugam – Biomedical Instrumentation ,Anuradha publications,
chennai
REFERENCES
1. Geddes and Baker, Principles of Applied Biomedical Instrumentation, John Wiley
and Sons, USA, 1975.
2. Well G, Biomedical Instrumentation and Measurements, Prentice Hall, New Jersey, 1980.
3. Koryla J., Medical and Biological Application of electro chemical devices John Wiley
and Sons, Chichester, 1980.
4. Wise D. L., Applied Bio- sensors, Butterworth USA, 1989.

Mapping of Course Outcomes with Program Outcomes (POs)

CO1
CO2
CO3
CO4
CO5

PO1
√
√
√
√

PO2 PO3
√

PO4
√
√

√

PO5 PO6
√
√
√

√

PO7 PO8 PO9 PO10
√
√
√
√
√

√

PO11
√

√
√

√

√

√

PO12

5

UNIT I
ANATOMY, PHYSIOLOGY AND TRANSDUCERS

HUMAN PHYSIOLOGY AND ANATOMY

Anatomy and physiology are two of the most basic terms and areas of study in the life sciences.
Anatomy refers to the internal and external structures of the body and their physical relationships,
whereas physiology refers to the study of the functions of those structures.
Cell and its Structure
Cell Theory:
All living things are composed of cells. Cells are the basic units of life and all tissues and organs
are composed of cells. They are so small that they must be viewed with a microscope. There are
different types of cells.
Cells can either be eukaryotic or prokaryotic.
Eukaryotic cells have a nucleus and membrane bound organelles. Plant and animal cells are
eukaryotes. Plant cells are generally a square shape while animal cells are usually circular. Plant
cells and animal cells have evolved different organelles to perform specific functions. Plant cells
have chloroplasts, a cell wall and a central vacuole. Animal cells lack these three organelles.
Plant cells have chloroplasts because they make their own food. Plant cells have a cell wall so that
they do not burst when the central vacuole fills up with water. Prokaryotes do not have a nucleus,
and lack membrane bound organelles. They are the oldest cells on earth. Bacteria are
prokaryotes. Prokaryotes often move using special structures such as flagella or cilia.

Cells have many structures inside of them called organelles. These organelles are like the organs in
a human and they help the cell stay alive. Each organelle has its own specific function to help the
cell survive. The nucleus of a eukaryotic cell directs the cell’s activities and stores DNA.
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Eukaryotes also have a Golgi apparatus that packages and distributes proteins. Mitochondria are
the power house of the cell and provide the cell with energy. Both plant and animal cells have
mitochondria. Lysosomes are like the stomach of the cell. They contain enzymes that digest the
cell’s used parts. All of the cell’s organelles must work together to keep the cell healthy.

The cell membrane is the protective barrier that surrounds the cell and prevents unwanted material
from getting into it. The cell membrane has many functions, but one main function that it has is to
transport materials (salts, electrolytes, glucose and other necessary molecules) into the cell to
support necessary life functions. Not only does the membrane let molecules into the cell, but it
also lets wastes such as carbon dioxide out of the cell. The cell membrane is made up of a
phosholipid bilayer. Each phopholipid contains a hydrophilic, or water loving head and a
hydrophobic, or water fearing tail. These properties that the phospholipids have and the specific
orientation they are arranged in provide the cell with a selectively permeable barrier.

Resting and Action Potential
Sources of Bioelectric Potential
 The systems in the human body generate their on- m o n i t o r i n g signals when
they carry out their functions.
 These signals provide useful information about their function.
 These signals are bioelectric potentials associated with nerve conduction, brain
activity, heartbeat, muscle activity and so on.
 Bioelectric potentials are actually ionic voltages produced as a result of electro
chemicalactivity of certain cell.

Transducers are used to convert these ionic potentials in to electrical signals

Resting and Action potentials
Resting Potential [Polarization]
 Certain types of cells within the body, such as nerve and muscle cells are encased in a
semi permeable membrane. This membrane permits some substances to pass through
while others are kept out. Surrounding the cells of the body are the body fluids. These
fluids are conductive solutions containing charged atoms known as ions.
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 The principle ions are sodium (Na+) Potassium (K+) and chloride (Cl-). The membrane
of excitable cells permits entry of Potassium (K+) and chloride(C-) ions but blocks the
entry of sodium (Na+) ions. So inside the cell is more negative than outside cell. This
membrane potential is called Resting potentials. This potential is measured from inside
the cell with respect to body fluids. So resting potential of a cell is negative.
 This resting potential ranging from -60mv to -100 mv.
 Cell in the resting state is called polarized cell.


Action Potential [Depolarization]
 When a section of a cell membrane is excited by the flow of ionic current or by some
form of externally applied energy, the membrane allows some Na+ and try to reach
some balance of potential inside and outside. Same time the some K+ goes outside but
not rapidly like sodium.
 As a result, the cell has slightly Positive potential on the inside Due to the imbalance of
the Potassium ions. This potential is known as “action potential” and is approximately
+20 mV.
 A cell that has been excited and that displays an action potential is said to be
depolarized and process from resting to action potential is called depolarization
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Propagation of action potentials
 When a cell is exited and generates an action potentials ionic currents to
flow. This process excites neighbouring cells or adjacent area of the same
cell
 The rate at which an action potential moves down a fiber or is propagate
from cell to cell is called the propagation rate.
 In nerve fiber the propagation rate is also called the nerve conduction rate,
or conduction velocity. Velocity range in nerves is from 20 to 140 meters
per second. In heart muscle, the rate is slower, average 0.2 to 0.4 m/sec


The formation of an action potential in 5 stages

Action potential generation with illustrated ion movements at each step
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The Bioelectric Potentials
 The Electrocardiogram(ECG)


The Electroencephalogram(EEG)



The Electromyogram(EMG)



The Electroretinogram(ERG)



The Electro-oculogram(EOG)



The Electrogastrogram(EGG)


Different types of Electrodes

Definition
• Electrodes are devices that convert ionic potentials into electronic potentials. The type of
electrode used for the measurements depends on the anatomical location of the bioelectric
event to be measured. In order to process the signal in electronic circuits, it will be better to
convert ionic conduction into electronic conduction.

Electrode or Half Cell Potential
• The skin and other tissues of higher-order organisms, such as humans, are electrolytic and
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so can be modeled as an Electrolytic Solution. • Imagine a metallic electrode immersed in an
electrolytic solution.
• Immediately Immediately after immersion, immersion, the electrode electrode will begin to
discharge some metallic ions into the solution, while some of the ions in the solution start
combining with the metallic electrodes.
• A gradient charge build up, creating a potential difference, or electrode potential and half
cell potential. A complex phenomenon is seen at the interface between the metallic electrode
and the electrolyte.
• Ions migrate migrate toward one side of the region or another, forming two parallel layers
of ions of opposite charge.
• This region is called the electrode double layer and its ionic differences are the source of
the electrode or half-cell potential.

Polarizable and Non-Polarizable Electrode

I.

Perfectly Polarizable Electrodes – Perfectly polarizable electrodes are those in
which no actual charge crosses the electrode–electrolyte interface when a current is
applied. – Of course, there has to be current across the interface and the electrode
behaves as though it were a capacitor

II.

Perfectly Polarizable Electrodes or Perfectly Reversible – Perfectly nonpolarizable electrodes are those in which current passes freely across the electrode–
electrolyte interface, requiring no energy to make the transition. – Thus, for perfectly
non-polarizable electrodes there are no overpotentials. – Electrode interface
impedance is represented as a resistor.

11

A. Microelectrodes
• Microelectrodes are electrodes with tips having tips sufficiently small enough to penetrate a
single cell in order to obtain readings from within the cell.
• The tips must be small enough to permit penetration without damaging the minute cell.
• The main functions of microelectrodes are potential recording and current injection.
• Microelectrodes are having high impedances in mega ohn range because of their smaller
size.

B. BODY SURFACE ELECTRODES
• Surface electrodes are those which are placed in contact with the skin of the subject in order
to obtain bioelectric potentials from the surface. • Body surface electrodes are of many sizes
and types. In spite of the type, any surface electrode can be used to sense ECG, EEG, EMG
etc.
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C. Needle Electrodes:
• To reduce the interface and noise (artifact) caused due to electrode movement, during the
measurement of EEG, EMG etc we can use small sub-dermal needle electrodes which
penetrate the scalp. • Actually the needle electrodes are not inserted into the brain. They
nearly penetrate the skin. Generally they are simply inserted through a small section of the
skin just beneath the skin parallel to it.
• The needle electrodes for EMG measurement consist of fine insulated wires placed in such
a way that their tips are in contact with the muscle, nerve or other tissues from which the
measurement is made. The needle creates the hole necessary for insertion and the wires
forming the electrodes are carried inside it.
• One of the main advantage of needle electrodes is that they are less susceptible to
movement errors than surface electrodes.
• Also the needle electrodes have lower impedances when compared to surface electrodes as
it makes direct contact with the sub-dermal tissues or intracellular fluid.
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BIOMEDICAL SENSORS
Sensors are everywhere, be it whether we are engineers, doctors or anyone, we are
surrounded by sensors. It is a device that converts signals from one energy domain to
electrical domain which you commonly see in your homes, offices, shopping malls, hospitals
like fire sensors and door sensors which makes our life easier and safer.
Today, I am going to talk about a specific type of sensors: Biomedical Sensors. They are
sensors that detect medically relevant parameters which ranges from simple physical
parameters like heart rate, galvanic skin response to muscle movements. Through this article,
you will learn about:


Examples and Types of Biomedical Sensors



How does it work



Seeed’s Biomedical sensors

Examples of Biomedical Sensors
Today, I will introduce to you 4 types of Biomedical sensors and also Seeed’s Grove
Biomedical sensors. Hold up, you may be wondering now, what is Grove?


Grove is a modular, standardized connector prototyping system.



It takes a building block approach to assembling electronics. Compared to the jumper
or solder based system, it is easier to connect, experiment and build and simplifies the
learning system, but not to the point where it becomes dumbed down.



Some other prototype systems out there takes the level down to building blocks but
the Grove system allows you to build real systems.

Without further ado, let us jump right in to the Types of Biomedical Sensors

16

EMG Sensor


Known as Electromyography (EMG), it is a method to evaluate motor unit action
potential activity in a muscle region.



As electrical signals travel through nerves to neuromuscular junctions, the change in
electrical potentials (voltage) can be measured.



Some current examples of the EMG sensors being used today are in VR and
prosthetic arms.

Here is our very own EMG sensor!
Grove – EMG Detector



The Grove – EMG detector is a bridge that connects the human body with electrical
through gathering small muscle signals then processing it with 2th amplify and filter.
This output signal can be recognized by an Arduino and be added into a 3.3V or 5V
control system.



In standby mode, its output will be 1.5V which will be increased to max 3.3V when
an active muscle is detected.





Some features of our EMG detector are:


6 Disposable Surface Electrodes



1000mm Cable Leads



Do not require any additional power supply



3.5mm Connector

For more information on its hardware and installation.

GSR Sensor


Known as galvanic skin response (GSR), it refers to changes in sweat gland activity
that are reflective of the intensity of our emotional state, otherwise known as
emotional arousal.
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Skin conductance offers direct insights into autonomous emotional regulation as it is
not under conscious control.



For example, if you are scared, happy, agitated or any emotional related response, we
will experience an increase in eccrine sweat gland activity which the sensor can pick
up through the electrodes and transmit to the master device.

Here is our very own GSR Sensor!
Grove – GSR Sensor



The Grove – GSR allows you to spot such strong emotions by simple attaching two
electrodes to two fingers on one hand.



It is an interesting sensor to own as you can create emotion related projects like a
sleep quality monitor.



An example of the use of the GSR sensor currently is lie detectors which the same
scientific principle is also applied.





Some features of the GSR sensor are:


Finger straps to with electrodes



Able to detect conductance of skin



Measures resistance of people

For more information, installation and examples on using the GSR sensor with the
Arduino and Raspberry Pi.

Heart Rate Sensors


Also known as a heart rate monitor, it is a personal monitoring device that allows a
user to track and display his/her heart rate in real time or for studies purposes.



There are two ways (optical and electrical) that this sensor monitors your heart rate
which are:



Electrical – Consists of 2 elements which are a monitor and a receiver. When a
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heartbeat is detected a radio signal or coded signal is transmitted, which the receiver
uses to display/determine the current heart rate.


Optical – Uses a light that shines through a human skin which will then measure the
amount of light that reflects back. The light reflections will vary as blood pulses under
the skin will go past the light which are then interpreted as heartbeats.
Grove – Finger-clip Heart Rate Sensor



The Grove – Finger-clip Heart Rate Sensor is based on PAH8001EI-2G, a high
performance and low power CMOS-process optical sensor with Green LED and DSP
integrated serving as a Heart Rate Detection(HRD) sensor.



This module is based on optical technology which measures the variation human
blood movement in the vessel. Low power consumption and flexible power saving
mode make it suitable for wearable device.



Cause the heart rate sensor chip need high processing speed for the algorithm of heart
rate data(), this module integrates a STM32, reserved SWD interface allow users to
reprogram the STM32.



Some features of this Sensor are:


Ultra-low power consumption – Has power saving mode when there is no
movement





Flexible Sleep rate control



I2C interface



Reserved SWD interface



Working temperature of -20 to 60℃



Sensor area of just 3.0 x 4.7mm

For more information, installation and examples on using the Heart rate sensor.
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Grove – Chest Strap Heart Rate Sensor



This heart rate chest strap kit contains a chest belt and a 5.3 KHz AM receiver
module.



The heart rate measurement kit can be used to monitor the heart rate of patients and
athletes, where the result can be displayed on a screen via a serial port and saved for
analysis.



The entire system has lots of advantages, e.g. high sensitivity, low power
consumption and portability.



As the modules communicate with each other via AM, it is very convenient (effective
distance is 30cm).





Some features of the Chest strap heart rate monitor are:


Low power consumption



Wireless and Convenient to use



Built-in ferrite antenna



High sensitivity



Fully RoHS compliant

For more information, installation and examples on using the Chest strap heart rate
monitor,
Grove – Ear-clip Heart Rate Sensor
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The Heart Rate Ear clip kit contains an ear clip and a receiver module.



It can be used to monitor heart rate of patient and athlete.



The result can be displayed on a screen via the serial port and can be saved for
analysis.





Some features of the Ear-clip Heart Rate sensor are:


Low power consumption



Convenient to use



High sensitivity



Fully RoHS compliant

For more information, installation and examples on using the Ear-clip Heart Rate
Sensor.
Grove – Finger-clip Heart Rate Sensor with shell



Grove – Finger-clip Heart Rate Sensor with shell is based on PAH8001EI-2G, a high
performance and low power CMOS-process optical sensor with Green LED and DSP
integrated serving as a Heart Rate Detection (HRD) sensor.



This module is based on optical technology which measures the variation human
blood movement in the vessel.



Low power consumption, flexible power saving mode, shell and two bands make it
suitable for wearable device on the finger or wrist easily.
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It has high processing speed for the algorithm of heart rate data with a STM32 and
reserved SWD interface which allows users to reprogram the STM32.



This module equips a shell and two bands that allow users to fix the module on finger,
wrist or arm easily.





Some features of the Finger-clip heart rate sensor are:


Low power consumption



Flexible sleep rate control



I2C interface



Area of just 3.0 x 4.7mm



Equipped with shell and bands



Working Temperature of -20 to 60℃

For more information, installation and examples on using the Finger-Clip Heart rate
monitor

Fingerprint Sensor


Like optical sensors, capacitive fingerprint scanners generate an image of the ridges
and valleys that make up a fingerprint. However, instead of sensing the print using
light, the capacitors use electrical current.



Arrays tiny capacitor circuits collect data about a fingerprint which when connected to
conductive plates on the surface of the scanner, can be used to track the details of a
fingerprint.



An op-amp integrator circuit is used to track changes when a finger’s ridge is placed
over the conductive plates which will change the charge slightly, while an air gap will
leave the charge unchanged.
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Grove – Fingerprint Sensor



This Finger Print Sensor is an optical fingerprint sensor which makes fingerprint
detection and verification super simple.



It contains a high-powered DSP chip AS601 that does the image rendering,
calculation, feature-finding and searching.



You can register new fingers directly – up to 162 finger prints can be stored in the
onboard FLASH memory.



There’s a red LED in the lens which will light up during identification so that you
know its working condition.



It is easy to use and by far the best fingerprint sensor you can get.



Some features of this Grove-Fingerprint Sensor are:


Storage capacity of up to 162 fingerprints



Working Temperature of -20 ℃ to 50 ℃



Supply voltage: 3.6~6.0 V



Operating current(Max) : 120 mA



Security level 3 with False acceptance and false reject rate at 0.001% and
1.0% respectively.

selection criteria for transducers and electrodes
The following factors are to be considered while selecting a transducer for further
applications.


Operating range : The range of transducer should be appropriate for measurement to
get a good resolution.



Operating Principle : The transducers are selected on the basis of operating principle
it may be resistive, inductive, capacitive, optical etc.



Accuracy : The accuracy should be as high as possible or as per the measurement.
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Range : The transducer can give good result within its specified range, so select
transducer as per the operating range.



Sensitivity : The transducer should be more sensitive to produce the output or
sensitivity should be as per requirement.



Environmental compatibility : The transducer should maintain input and output
characteristic for the selected environmental condition.



Loading effect: The transducer’s input impedance should be high and output
impedance should be low to avoid loading effect.



Errors : The error produced by the transducer should be low as possible.

NECESSITY FOR LOW NOISE PRE- AMPLIFIERS
A low-noise amplifier (LNA) is commonly found in all receivers. Its role is to boost the
received signal a sufficient level above the noise floor so that it can be used for additional
processing. The noise figure of the LNA therefore directly limits the sensitivity of the
receiver.
Signal power (dBm): −95
Signal power linear: 3.16228E-10
Noise floor (dBm): −98.73786909
SNR due to noise: 3.737869089

DIFFERENCE AMPLIFIERS
The differential amplifier shown in Figure is useful in a number of biomedical engineering
applications, specifically to amplify signals from bio transducers that produce a differential
output. Such transducers actually produce two voltages that move in opposite directions to a
given input.
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CHOPPER AMPLIFIERS

When recording biopotentials noise and drift are the two problems encountered. Noise is due
to the recording device and by the patient when they move. Drift is a shift in baseline created
due to various thermal effects. A DC amplifier has a shift or sudden peak in the output when
the input is zero. Therefore, a chopper amplifier solves the problems of drift in DC
amplifiers. The name Chop means to sample the data. The amplifier circuit samples the
analog signal.
So it is known as chopper amplifier.
The general diagram of a chopper amplifier is as shown below. The first block chopper
accepts the DC input signal and converts them to an AC signal. The AC amplifier block
amplifies the chopped AC signal.
Next, in the demodulator rectifier block, an amplified chopped AC signal is converted to
amplifiedDCsignal.

Chopper amplifier is classified into two types. Mechanical and non-mechanical choppers.
The chopper converts DC or low-frequency signal to high-frequency signal. An AC amplifier
amplifies the modulated high-frequency signal. The amplified signal is demodulated and
filtered to obtain the low frequency or DC signal.

Mechanical Chopper Amplifier
From the figure, chopper S1 acts as electromagnetically operated switch or relay. ‘A’ is the
AC amplifier that has an input terminal and a ground terminal. ‘Q’ acts as reference term.
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Chopper acts a switch, so it connects the amplifier input terminal alternatively to reference
term Q. Consider a condition in which chopper S 1 is closed. At this position, the amplifier
input terminal connects to Q1. The entire circuit is short-circuited, so input voltage is zero.
Now, let us consider the reverse operation when chopper S1 is open. The AC amplifier starts
receiving the signal from P terminal. Finally, the amplifier input has an alternating voltage
that varies between zero and input voltage. At this stage, conversion of DC signal to square
wave pulse occurs with amplification. Diode ‘D’ rectifies the chopped signal.
After rectification, the rectified signal is filtered and amplified. At the output terminal M and
N, the amplified DC output signal occurs. Chopping or sampling rate determines the chopper
response time.

Non-Mechanical Chopper Amplifier

In comparison with mechanical type, a non-mechanical chopper uses photodiodes or
photoconductors for modulation (convert DC signals to AC signals) and demodulation

26

(convert AC signals to DC signals). When light is not incident on the photodiode, no current
flows through the circuit. However, when light falls on the photosensor, the resistance
becomes low. So, the current flows through the sensor. This system is similar to a switching
operation.
ELECTRICAL SAFETY
Electrical Safety – Critical Points • The electrical installation, no matter how safe, is only part
of the safety requirements. Plugs and cords must be checked and rejected if defective. Only
devices tested for safety should be used. Electrical compatibility of the entire electrical
system must be tested regularly.

GROUNDING AND ISOLATION
The ground wire of the power cord connects all exposed metal parts of the medical device to
ground. The grounding resistance is kept below approximately 0.15 ohms (set by local
regulations) and is usually checked during preventative maintenance, prior to first use of the
medical device and after each repair.
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UNIT II
ELECTRO – PHYSIOLOGICAL MEASUREMENT
Electrocardiograph
An electrocardiograph or ECG is a test used to measure the electrical activity of the heart.
The test takes only about a few minutes and is devoid of any pain.
The electrical activity of the heart causes the heart muscles to contract that results in the
pumping of the heart. The ECG is in the form of spikes and dips known as waves. The wave
pattern helps in assessing the rate and rhythm of our heartbeat.
The human heart produces an electrical impulse by itself. As this electrical impulse passes
through our heart, it generates an electrical current that spreads over our body and reaches the
skin.
The patient is connected to the Electrocardiograph (ECG) machine with three electrical leads
(one each to both wrists and the third to the left ankle of the patient), that is used to monitor
the activity of the heart. This is standard ECG testing.

Electrocardiograph

Process
The process of electrocardiograph includes:


Small sticky electrodes are attached to the arms, chest and legs.
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These electrodes are connected to the ECG machine through wires that help in
detecting the electrical impulses occurring at each heartbeat.



These electrodes usually detect the very minute form of changes in an electrical path
on the skin which arises from the heart muscles and the electrophysiologic patterns of
the depolarizing during every heartbeat.

Explanation of the Electrocardiograph
P to T in the graph represents a specific activity of the heart. Let’s break it down.


The P wave is the electrical excitation of the atria, or depolarization, initiating atrial
contraction.



The QRS complex is the depolarization of ventricles, initiating ventricular
contraction. Marking the beginning of the systole.



T wave means the return of ventricles to the normal state (repolarization). Marking
the end of the systole.

By counting the number of QRS complexes we can evaluate the heartbeat rate of the
patient. Any deviations in this shape results in heart diseases or an abnormal heart rhythm
which can either be slow, irregular or very fast heartbeats. Hence it is essential equipment in
the field of medicine.
Types of ECG Test
There are three main types of ECG tests:
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Resting ECG
This type of ECG is used to examine the electrical activity of the heart at rest. While
performing this test, the patient is asked to relax and then, their heartbeat is recorded.
Exercise ECG
This type of ECG is used to examine the electrical activity of the heart during stress or
exercise. In this test, a patient is asked to run or walk on the treadmill or a cycle while the
heartbeat is recorded.
24-hour ECG
As the name suggests, this type of ECG is conducted for 24 hours. The heart’s electrical
impulses are measured by a device called the Holter Monitor.
Medical Uses of ECG
The main goal of electrocardiography is to obtain information regarding the heart’s electrical
impulses. This means it can find evidence of past heart attacks or even any undiagnosed heart
disease. The medical uses of such information are very valuable and grant a deeper insight
into conditions like :


Seizures



Fainting



Pulmonary embolism



Cardiac dysrhythmias



Myocardial infarction or heart attack



Arrhythmia



Deep vein thrombosis



Ventricular hypertrophy

It also proves itself useful in applications such as:


Biotelemetry of the patient



The testing of Cardiac stress



Diagnosis of structural heart diseases
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Monitoring the effects of heart medication



Assessing the severity of the abnormalities in the electrolyte



The monitoring of the form of anaesthesia that is involved



CTA- Computed tomography angiography and also the MRA- Magnetic resonance
angiography of the heart



The screening of Hypertrophic cardiomyopathy in adolescents as a part of the sportsrelated deaths, such as sudden cardiac death.

Why is an ECG done?
An electrocardiograph is done for the following reasons:


To check the heart health in case of other diseases such as diabetes, high blood
pressure, high cholesterol, etc.



To check the thickness of the chambers of the heart wall.



To monitor if the medicines are causing any side-effects.



To check if the mechanical devices implanted in the heart are working properly or
not.

For more detailed information on Electrocardiograph (ECG), ECG tests, and its process, keep
visiting BYJU’S website or download BYJU’S app for further reference.

What is an ECG?

ECG is the abbreviated term for an electrocardiogram. It is used to record the electrical
activity of

the heart from

different

angles

to

both

identify

and

locate

pathology. Electrodes are placed on different parts of a patient’s limbs and chest to record
the electrical activity.

P waves
P waves represent atrial depolarisation.
In healthy individuals, there should be a P wave preceding each QRS complex.
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PR interval
The PR interval begins at the start of the P wave and ends at the beginning of the Q wave.
It represents the time taken for electrical activity to move between the atria and the
ventricles.

QRS complex

The QRS complex represents depolarisation of the ventricles.
It appears as three closely related waves on the ECG (the Q, R and S wave).

ST segment

The ST segment starts at the end of the S wave and ends at the beginning of the T wave.
The ST

segment is

an

isoelectric

time between depolarisation and repolarisation of

line

that

represents

the ventricles (i.e.

the

ventricular

contraction).

T wave

The T wave represents ventricular repolarisation.
It appears as a small wave after the QRS complex.

RR interval

The RR interval begins at the peak of one R wave and ends at the peak of the next R
wave.
It represents the time between two QRS complexes.
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QT interval

The QT interval begins at the start of the QRS complex and finishes at the end of the T
wave.
It represents the time taken for the ventricles to depolarise and then repolarise.

How to read ECG paper
The paper used to record ECGs is standardised across most hospitals and has the following
characteristics:
 Each small square represents 0.04 seconds
 Each large square represents 0.2 seconds
 5 large squares = 1 second
 300 large squares = 1 minute

33

Normal ECG

How the 12 lead ECG works

It is important to understand the difference between an ECG electrode and an ECG lead.
An ECG electrode is

a conductive pad that

is

attached

to

the

skin

to record electrical activity.
An ECG lead is

a graphical representation of

the heart’s electrical activity which

is

calculated by analysing data from several ECG electrodes.
A 12-lead ECG records 12 leads, producing 12 separate graphs on a piece of ECG paper.
Only 10 physical electrodes are attached to the patient, to generate the 12 leads.

Electrodes

An ECG electrode is

a conductive pad that

is

attached

to

the

skin

to record electrical activity.
The data gathered from these electrodes allows the 12 leads of the ECG to
be calculated (e.g. lead

I is calculated using

data

from

the

the right and left arm).
The electrodes used to generate a 12 lead ECG are described below.

electrodes

on

both
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Chest electrodes
There are six chest electrodes:
 V1:4th intercostal space at the right sternal edge
 V2:4th intercostal space at the left sternal edge
 V3:midway between the V2 and V4 electrodes
 V4:5th intercostal space in the midclavicular line
 V5:left anterior axillary line at the same horizontal level as V4
 V6:left mid-axillary line at the same horizontal level as V4 and V5

You might also be interested in our OSCE Flashcard Collection which contains over 2000
flashcards that cover clinical examination, procedures, communication skills and data
interpretation.

Chest electrode positions

Limb electrodes
There are four limb electrodes:
 Red (RA): on the ulnar styloid process of the right arm
 Yellow (LA): on the ulnar styloid process of the left arm
 Green (LL): on the medial or lateral malleolus of the left leg
 Black (RL): on the medial or lateral malleolus of the right leg
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Leads
An ECG lead is

a graphical representation of

the heart’s electrical activity which

is

calculated by analysing data from several ECG electrodes.

Chest leads
 V1: septal view of the heart
 V2: septal view of the heart
 V3: anterior view of the heart
 V4: anterior view of the heart
 V5: lateral view of the heart
 V6: lateral view of the heart

Other leads
 Lead I: lateral view (calculated by analysing activity between the RA and LA

electrodes)
 Lead II: inferior view (calculated by analysing activity between the RA and LL

electrodes)
 Lead III: inferior view (calculated by analysing activity between the LA and LL

electrodes)
 aVR: lateral view (calculated by analysing activity between LA+LL -> RA)
 aVL: lateral view (calculated by analysing activity between RA+LL -> LA)
 aVF: inferior view (calculated by analysing activity between RA+LA -> LL

The shape of the ECG waveform
Each individual lead’s ECG recording is slightly different in shape. This is because
each lead is recording the electrical activity of the heart from a different direction (a.k.a
viewpoint).
When the electrical activity within the heart travels towards a lead you get a positive
deflection.
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When the electrical activity within the heart travels away from a lead you get a negative
deflection.
In reality, electrical activity in the heart flows in many directions simultaneously.
Each deflection (a.k.a. wave) on the ECG represents the average direction of electrical
travel (which is calculated using mathematical formulae by the ECG machine).
The height of

the deflection represents

the amount of electrical

activity

flowing in

that direction (i.e. the higher the deflection, the greater the amount of electrical activity
flowing towards the lead).
The lead with the most positive deflection is

most

aligned with the direction the

heart’s electrical activity is travelling.
If the R wave is greater than the S wave it suggests depolarisation is moving towards that
lead.
If the S wave is greater than the R waves it suggests depolarisation is moving away from
that lead.
If the R and S waves are of equal size it means depolarisation is travelling at exactly 90° to
that lead.

ECG waves
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Localising pathology on the ECG
It’s important to understand which leads represent which anatomical territory of the heart,
as this allows you to localise pathology to a particular heart region.
For example, if there is ST elevation in leads V3 and V4 it suggests an anterior myocardial
infarction (MI). You can then combine this with some anatomical knowledge of the heart’s
blood supply, to allow you to work out which artery is likely to be affected (e.g. left anterior
descending artery).

Cardiac axis

In

healthy

individuals,

the electrical

the sinoatrial node then spreads to

activity of

the

the atrioventricular (AV) node.

heart
It

begins

at

then spreads

down the bundle of His and then Purkinje fibres to cause ventricular contraction.
Whenever the direction of electrical activity moves towards a lead, a positive deflection is
produced.
Whenever the direction of electrical activity moves away from a lead a negative
deflection is produced.
The cardiac axis gives us an idea of the overall direction of electrical activity.
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Cardiac conduction

Cardiac axis

NORMAL CARDIAC AXIS

In healthy individuals, you would expect the cardiac axis to lie between -30°and +90º. The
overall direction of electrical activity is therefore towards leads I, II and III (the yellow
arrow below). As a result, you see a positive deflection in all these leads, with lead
II showing the most positive deflection as it is the most closely aligned to the
overall direction of electrical spread. You would expect to see the most negative
deflection in aVR. This is due to aVR providing a viewpoint of the heart from
the opposite direction.
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Normal cardiac axis

Right axis deviation
Right axis deviation (RAD) involves the direction of depolarisation being distorted to the
right (between +90º and +180º).
The most common cause of RAD is right ventricular hypertrophy. Extra right ventricular
tissue results in a stronger electrical signal being generated by the right side of the heart. This
causes the deflection in lead I to become negative and the deflection in lead aVF/III to
be more positive.
RAD is commonly associated with conditions such as pulmonary hypertension, as they
cause
right
ventricular
hypertrophy.
RAD
can,
however,
be
a normal finding in very tall individuals.

Right axis deviation
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Left axis deviation
Left axis deviation (LAD) involves the direction of depolarisation being distorted to the
left (between

-30°

and

-90°).

the deflection of lead III becoming negative (this

is

This
only

considered

results
significant

in
if

the deflection of lead II also becomes negative). LAD is usually caused by conduction
abnormalities.

Electroencephalography

An EEG is a test that detects abnormalities in your brain waves, or in the electrical
activity of your brain. During the procedure, electrodes consisting of small metal discs with
thin wires are pasted onto your scalp. The electrodes detect tiny electrical charges that result
from the activity of your brain cells.

An electroencephalogram (EEG) is a test that detects electrical activity in your brain using
small, metal discs (electrodes) attached to your scalp. Your brain cells communicate via
electrical impulses and are active all the time, even when you're asleep. This activity shows
up as wavy lines on an EEG recording.
An EEG is one of the main diagnostic tests for epilepsy. An EEG can also play a role in
diagnosing other brain disorders.
An EEG can determine changes in brain activity that might be useful in diagnosing brain
disorders, especially epilepsy or another seizure disorder. An EEG might also be helpful for
diagnosing or treating the following disorders:


Brain tumor



Brain damage from head injury



Brain dysfunction that can have a variety of causes (encephalopathy)



Inflammation of the brain (encephalitis)



Stroke



Sleep disorders
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An EEG might also be used to confirm brain death in someone in a persistent coma. A
continuous EEG is used to help find the right level of anesthesia for someone in a medically
induced coma.
An EEG, or electroencephalogram, is a test that records the electrical signals of the brain by
using small metal discs (called electrodes) that are attached to your scalp. Your brain cells
communicate with each other using electrical impulses. They’re always working, even if
you’re asleep. That brain activity will show up on an EEG recording as wavy lines. It’s a
snapshot in time of the electrical activity in your brain.
EEG Uses
EEGs are used to diagnose conditions like:


Brain tumors



Brain damage from a head injury



Brain dysfunction from various causes (encephalopathy)



Inflammation of the brain (encephalitis)



Seizure disorders including epilepsy



Sleep disorders



Stroke

An EEG may also be used to determine if someone in a coma has died or to find the right
level of anesthesia for someone in a coma.
EEG Risks
EEGs are safe. If you have a medical condition, talk with the doctor about it before your test.
If you have a seizure disorder, there’s a slight risk that the flashing lights and deep breathing of
the EEG could bring on a seizure. This is rare. A medical team will be on hand to treat you
immediately if this happens.
In other cases, a doctor may trigger a seizure during the test to get a reading. Medical staff will be
on hand so the situation is closely monitored.
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Preparing for an EEG
There are some things you should do to prepare for EEG:


Don’t eat or drink anything with caffeine for 8 hours before the test.



Your doctor may give you instructions on how much to sleep if you’re expected to sleep
during the EEG.



Eat normally the night before and day of the procedure. Low blood sugar could mean
abnormal results.



Let your doctor know about any medications -- both prescription and over-the-counter -and supplements you're taking.



Wash your hair the night before the test. Don't use any leave-in conditioning or styling
products afterward. If you are wearing extensions that use glue, they should be removed.

EEG Procedure
1. You lie down on the exam table or bed, and a technician puts about 20 small sensors
on your scalp. These sensors, called electrodes, pick up electrical activity from cells
inside your brain called neurons and send them to a machine, where they show up as a
series of lines recorded on paper or displayed on a computer screen.
2. Once the recording begins, you’ll be asked to remain still.
3. You'll relax with your eyes open first, then with them closed. The technician may ask
you to breathe deeply and rapidly or to stare at a flashing light, because both of these
can change your brainwave patterns. The machine is only recording the activity of the
brain and doesn’t stimulate it.
4. It's rare to have a seizure during the test.
5. You can have an EEG at night while you're asleep. If other body functions, such as
your breathing and pulse, are also being recorded, the test is called polysomnography.
6. In some cases, you may be sent home with an EEG device, which will either send the
data directly back to your doctor's office or record it for later analysis.
After an EEG
Once the EEG is over, the following things will happen:
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The technician will take the electrodes off and wash off the glue that held them in
place. You can use a little fingernail polish remover at home to get rid of any leftover
stickiness.



Unless you're actively having seizures or your doctor says you shouldn't, you can
drive home. But if the EEG was done overnight, it's better to have someone else drive
you.



You can usually start taking medications you'd stopped specifically for the test.



A neurologist, a doctor who specializes in the brain, will look at the recording of your
brain wave pattern.

Electromyography (EMG)
What is electromyography?


Electromyography (EMG) is a diagnostic procedure that evaluates the health
condition of muscles and the nerve cells that control them. These nerve cells are
known as motor neurons. They transmit electrical signals that cause muscles to
contract and relax. An EMG translates these signals into graphs or numbers, helping
doctors to make a diagnosis.



A doctor will usually order an EMG when someone is showing symptoms of a muscle
or nerve disorder. These symptoms may include tingling, numbness, or unexplained
weakness in the limbs. EMG results can help the doctor diagnose muscle disorders,
nerve disorders, and disorders affecting the connection between nerves and muscles.



Some doctors may refer to electromyography as an electrodiagnostic exam.

Why is electromyography performed?
Your doctor may perform an EMG if you’re experiencing symptoms that may indicate a
muscle or nerve disorder. Some symptoms that may call for an EMG include:


tingling



numbness
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muscle weakness



muscle pain or cramping



paralysis



involuntary muscle twitching (or tics)

The results of an EMG can help your doctor determine the underlying cause of these
symptoms. Possible causes could include:


muscle disorders, such as muscular dystrophy



disorders that affect the ability of the motor neuron to send electrical signals to the
muscle, such as myasthenia gravis



radiculopathies



peripheral nerve disorders that affect the nerves outside the spinal cord, such as carpal
tunnel syndrome



nerve disorders, such as amyotrophic lateral sclerosis (ALS)

How do I prepare for electromyography?
Make sure to notify your doctor about any over-the-counter or prescription medications you
may be taking. It’s also important to tell your doctor if you have a bleeding disorder, or if you
have a pacemaker or implantable defibrillator. You may not be able to have an EMG if you
have any of these medical conditions or devices.
If you’re able to have an EMG, you should do the following beforehand:


Avoid smoking for at least three hours before the procedure.



Bathe or take a shower to remove any oils from the skin. Don’t apply any lotions or
creams after washing.



Wear comfortable clothing that doesn’t obstruct the area that your doctor will be
evaluating. You may be asked to change into a hospital gown right before the
procedure.
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What happens during an electromyography?
You will be asked to lie down on an examination table or to sit in a reclined chair. Your
doctor may ask you to move into different positions during the procedure.
There are two components to an EMG test: the nerve conduction study and needle EMG. The
nerve conduction study is the first part of the procedure. It involves placing small sensors
called surface electrodes on the skin to assess the ability of the motor neurons to send
electrical signals. The second part of the EMG procedure, known as needle EMG, also uses
sensors to evaluate electrical signals. The sensors are called needle electrodes, and they’re
directly inserted into muscle tissue to evaluate muscle activity when at rest and when
contracted.
The nerve conduction study is performed first. During this portion of the procedure, your
doctor will apply several electrodes to the surface of your skin, usually in the area where
you’re experiencing symptoms. These electrodes will evaluate how well your motor neurons
communicate with your muscles. Once the test is complete, the electrodes are removed from
the skin.
After the nerve conduction study, your doctor will perform the needle EMG. Your doctor will
first clean the affected area with an antiseptic. Then, they will use a needle to insert
electrodes into your muscle tissue. You may feel slight discomfort or pain while the needle is
being inserted.
The needle electrodes will evaluate the electrical activity of your muscles when contracted
and when at rest. These electrodes will be removed after the test is over.
During both parts of the EMG procedure, the electrodes will deliver tiny electrical signals to
your nerves. A computer will translate these signals into graphs or numerical values that can
be interpreted by your doctor. The entire procedure should take between 30 and 60 minutes.
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What are the risks of electromyography?
An EMG is a very low-risk exam. However, you may feel sore in the area that was tested.
The soreness may last for a few days and can be relieved with an over-the-counter pain
reliever, such as ibuprofen.
In rare cases, you may experience tingling, bruising, and swelling at the needle insertion sites.
Make sure to tell your doctor if the swelling or pain becomes worse.

What do my electromyography results mean?
Your doctor may review the results with you right after the procedure. However, if another
healthcare provider ordered the EMG, then you may not know the results until you attend a
follow-up appointment with your doctor.
If your EMG shows any electrical activity in a resting muscle, then you may have:


a muscle disorder



a disorder affecting the nerves that connect to the muscle



inflammation caused by an injury

If your EMG shows abnormal electrical activity when a muscle contracts, then you may have
a herniated disc or a nerve disorder, such as ALS or carpal tunnel syndrome.
Depending on your results, your doctor will talk to you about any additional tests or
treatments that might be needed.

47

EMG is the examination of the nerves and muscles in our bodies by electrical methods.
The electrical conduction functions of the nerves are measured using a vigorous linear
electric current that will not disturb the patient. For this, a low-intensity electrical current is
applied to the skin areas of the fingers and nerves, and the nerve or other part of the skin is
collected by computerized instruments. Thus, it can be understood that the nerve is
functioningproperly.
By inserting small diameter disposable sterile needle-shaped electrodes into the muscles, it is
understood whether the examined muscular nerve is diseased or healthy and whether the
muscular electrical activity is monitored and analyzed from the EMG screen. Although
needle EMG is often applied, only nerve conduction studies may be sufficient in some cases.
The EMG examination is a review that takes approximately ½ to 1 hour, with varying
degrees.

When is EMG done?
-Nerve injuries (nerve palsy, traffic accidents, etc.)
- Nerve impingement (carpal tunnel syndrome etc.)
- Diagnosis of neck and waist hernias
- Investigation of the effects of nervous disorders (such as diabetes, kidney disease) that can
disrupt nerve functions,
- Facial diagnosis and follow-up
- Diagnosis of muscle and nerve-muscle junction diseases (myasthenia, myopathy, etc.)
- Diagnosis of spinal cord diseases (ALS, polio, etc.) leading to muscle fibrils
While coming to examination…
- It is advisable for the patient to come to fullness for examination
- Since the examination is usually made from arms and legs, comfortable, easily removable
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clothes should be preferred. Women are advised not to wear pantyhose.
- Before the examination, the hands and feet should be clean, cream and similar cosmetic
products should not be applied.
- Handpieces and jewelery on the corners (such as rings, bracelets, watches) must be removed
before examination as they may affect the work.
- If there are medicines that are used regularly, it is ok to take them. However, patients using
blood thinners (aspirin, coumadin) should inform the physician in advance.
- If you are carrying heart pills, it is advisable to warn the physician before examination.

Electromyography (EMG) is a bioelectrical signal for in evaluating electrical activity
produced by skeletal muscles. The EMG sensor detects the motor unit potential, which is a
complex potential generated by the muscle fibers of the motor unit during spontaneous
activity of muscle cells, enabling analysis of muscle activity. For muscles to work, electrical
stimulation must be applied to muscle cells by nerve substances generated by a command
from the central nervous system. Contraction and relaxation of muscles occur as a result of
electrical stimulation, and these phenomena occur in several muscles, causing the body to
move . When our brain commands the muscles to contract, the central nervous system
connected to the brain releases neurotransmitters and the neurons that receive these
substances act to transmit electrical signals to the muscles, which make the body move. The
electrical signals generated in muscle cells appear as mechanical signals, muscle contraction,
and relaxation, and this transformation process is called excitation–contraction coupling . The
EMG sensor is a device that measures the electrical signals of muscles during this process. As
an example of an EMG signal, the raw data when a muscle contracted and relaxed with a 1kg dumbbell was measured by attaching an EMG sensor to the biceps brachii. When the
muscle contracted, the value was larger than when the muscle was relaxed. Although the
degree of muscle contraction can be visually confirmed with raw data, analysis is necessary
for quantitative evaluation. EMG, which checks the degree of muscle contraction, is mainly
used for medical and biomechanical research purposes. For medical purposes, when
movement is impossible for certain reasons, an EMG sensor is used to diagnose whether it is
due to a problem in the nervous system or to damage to the muscle itself. When a muscle
cannot contract or relax because of a muscle function problem, an electrical signal can be
measured by EMG. If a problem occurs in the nervous system, the EMG signal cannot be
measured. Also, it is possible to check the muscles that are activated during specific
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movements and activities, and through this, it is possible to study more efficient movements
and activities. With EMG, it is also possible to analyze muscle peripheral and central fatigue
during specific movements. If the contractile force of the muscle decreases due to peripheral
fatigue, fatigue can be measured by increasing the raw data of the EMG signal because more
electrical signals are required to maintain the same force. As the speed at which action
potentials and excitations are transmitted by central fatigue slows down, the conduction
velocity, which is the rate at which electrochemical impulses propagate into the nerve
pathways, also slows down. Muscular fatigue is a combination of two types of fatigue, and
the EMG sensor can determine the overall fatigue level .

Electromyography (EMG) raw data during bicep brachii contraction and relaxation.
EMG appears in two forms: surface EMG (sEMG), a noninvasive measurement method, and
needle EMG, an invasive method. sEMG is used more widely because it has a great
advantage in terms of stability. However, since needle EMG directly inserts a needle into the
muscle, more accurate results can be obtained than with sEMG . As a result of investigating
the relationship between the trigger point and the central nervous system to find problems in
muscle pain syndrome and of conducting research with EMG, the necessary EMG could not
be seen with surface recording techniques . Although there are limitations of sEMG in a
specific field, the development of technology for sEMG is required for implementation in
wearable sensors. Since the applicable fields differ depending on the type of EMG, we
divided this section into needle and surface EMG to review the research on EMG currently
underway.
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(a) Image of surface EMG: the red and black lines represent the + and − electrodes, and the
blue line represents the ground; (b) image of the needle EMG.
Surface EMG
Surface EMG is the most widely known and used method in measuring muscle contraction.
Electrical contributions made by the active motor units are measured in a noninvasive way on
the skin using electrodes . sEMG does not simply measure the electrical signals generated by
the muscles; it represents the potential difference between two electrodes. If two electrodes
are placed along muscle fibers at both ends of the motor for the muscle, the same muscle
action potentials at both ends of the muscle are recorded at the same time, making it
impossible to measure the potential difference. Therefore, the EMG signal is measured using
a differential amplifier that rejects a common signal from both electrodes using two
electrodes . Since electrical signals exist even in muscles that are not in use, reference
electrodes are required to exclude redundant signals. Finally, three electrodes must be
attached to receive the EMG signal of one muscle. Through this process, sEMG can evaluate
the contractile ability of one muscle from three signals.
In the early days of sEMG, it was used for biofeedback. For example, a study was conducted
to reduce the frequency and severity of tension headaches through EMG biofeedback, and
another study found that the resting level of frontalis EMG activity is higher in tension
headache patients than in the general population. From this, it was argued that contraction
headaches caused by constant contractions of the scalp and neck muscles could be relieved by
learning to relax these muscles through biofeedback . In another study, when biofeedback
was given through computerized electromyographic evaluation of pelvic floor muscles, the
subjective evaluation of pain decreased by 83% after 16 weeks and the resting tension level
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decreased by 68% . However, in the above study, since only the amplitude of the simple
EMG value was used to check the contraction degree of the muscle and proceeded with
biofeedback, more detailed EMG parameters were studied to evaluate the muscle
performance.
To obtain the parameters, EMG data are mainly analyzed in two domains: a time domain
where EMG data can be viewed over time and a frequency domain that can check the
frequency of EMG data within a certain range. In the time domain, the degree of muscle
activation can be visually confirmed over time. Because muscles require a larger electrical
signal to generate more force, they exhibit a larger amplitude in the EMG data. Therefore, it
is possible to check the degree of activation for each muscle using the root mean square
(RMS) value . Fate analysis in the time domain is also possible. When a muscle continuously
exerts the same force, a larger electrical signal is required to maintain the same output;
therefore, the more fatigue it builds up, the greater the amplitude displayed. Fatigue can be
analyzed with an increase in RMS indicating an increase in amplitude . In addition, various
parameters such as integrated EMG and maximum amplitude are used in the time domain . In
the frequency domain, fatigue is mainly analyzed. As muscle fatigue builds up, the speed of
transmitting electrical signals slows down and the frequency is lowered, so that the
conduction velocity slows down . To capture this, fatigue is quantified by using parameters
such as mean frequency, median frequency, and peak frequency in a specific range . An
example of EMG parameters for fatigue analysis.

Surface EMG data obtained during voluntary contraction of a bicep with a 1-kg weight
for a female: (a) raw data, (b) median frequency and linear regression, and (c) root
mean square and linear regression.
Using these parameters, clinical studies have been conducted to measure muscle fatigue.
Since the amplitude of EMG is different for each individual, fatigue was given using
maximum voluntary contraction (MVC) and reliability was confirmed by analyzing the EMG
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parameters for fatigue (Table 1). Fatigue parameters were studied as RMS in the time
domain, mean power frequency (MNF), and median power frequency (MDF) in the
frequency domain, since the power spectrum frequency shift decreased. Mainly, the vastus
lateralis (VL), rectus femoris (RF), vastus medialis (VM), lumbar 1–5, bicep brachii, and
quadriceps were studied. Since the EMG signal has an accurate value when measured
individually for one muscle rather than a complex signal of several muscles, it is limited to
isometric contraction rather than dynamic contraction, which has a risk of complex
measurement of several muscles. As a result of measuring EMG data during fatigue with
isometric contraction, it was reported that most were reliable as indicators of fatigue, but due
to the difficulty of application in dynamic contraction fatigue experiments and noise from
electrode attachment, research on EMG continues.
Table 1. Reliability of EMG parameters for fatigue indices.
Ref Purpose

Electrode
Location

Experimental
Method
Investigation of EMG
Repetitive
11 males,
variable (MNF, RMS)
maximum
VL, RF, VM 10
2000 for valid indicators of
isokinetic knee
females
muscular fatigue
extensions

Investigation
1999 reliability of sEMG

VL, RF

Correlation of EMG
fatigue data in the
lower back to the
1999
subject’s assessment
of fatigue

L1, L5

Parameters
Conclusion
Used
RMS, MNF,
MDF,
MNF is a good
torque, knee criterion validity.
joint position
MVC
measurement is
best suited for
9 males, Isometric knee RMS, MDF,
clinical
9 females extension
torque
applications from
rectus femoris
muscle.
The Borg scale
MDF,
correlated with
25 males,
endurance endurance time
25
Sørensen test
time, Borg and EMG median
females
scale
and mean power
frequency slopes.
The center
MVC, fatiguing
frequency of
contraction
RMS, center sEMG appears to
6 males
(25,40,70%
frequency
be a good
MVC)
noninvasive index
of muscle fatigue.
Subjects

Adductor
Examination of the
pollicis,
changes in frequency handgrip
1982 and amplitude of
muscles,
sEMG
biceps,
quadriceps
Study of quantitative
changes in the EMG
MV knee
VL
11 males
1979 pattern muscle fiberextensions
type distribution
Determination of the
effects of motor unit Bicep brachii 12 males 50% MVC
1986
recruitment and firing

Integrated MNF decreases in
EMG, MNF FT-type muscles.
Increasing RMS
RMS, MNF EMG amplitude
and decreasing
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Ref Purpose

Electrode
Location

Subjects

Experimental Parameters
Conclusion
Method
Used
MPF could better
represent the MU
activity during
fatigue.

frequency on the
surface EMG power
spectra during
sustained MVC and
50% MVC of the
bicep brachii muscle
Examination of the
Erector spine
relationship between
at the levels
EMG manifestation of
21 males,
of the 10th
fatigue and endurance
208
Sørensen test
1994
thoracic and
time during isometric
females
3rd lumbar
contraction of the back
vertebrae
extensors to fatigue

MF,
endurance
time

MFgrad is a
suitable technique
for monitoring
back muscle
fatigue.

sEMG has a limitation in that it is a noninvasive method that is not directly inserted into the
muscle. Because of the noise caused by the electrode, which is an attachment type, and due to
the muscle attachment position of the electrode, it affects the conduction velocity and median
frequency, parameters of EMG . Standardization of the attachment method and attachment
location per laboratory was required. Therefore, a study on standardizing the electrode
position was conducted to obtain accurate and repeatable data on the sEMG signal
parameters. Recommendations for the use and technical considerations of sEMG and a
questionnaire and interpretations required for the use of sEMG were presented . Several
researchers studied the standardized electrode locations. For example, to provide information
on the degree of uniformity of the inner zone position of 13 superficial muscles in the lower
limb, an experiment was conducted and the optimal electrode placement was between the
inner zone and the tendon termination according to the landmark in eight of 13 muscles . This
placement was suggested by examining the muscle fiber orientation and palpable bony
landmarks in the abdominal muscle . The surface EMG for a Noninvasive Assessment of
Muscles (SENIAM) project standardized the electrode attachment location and electrode size
for concerted action in the Biomedical Health and Research program of the European Union .
However, even if the standard electrode location is used, the biggest drawback of sEMG is
not compensated. The limitations from previous studies are presented in Table 2. Some
obtained the same results as the isometric contraction in dynamic contraction, and some did
not obtain valid data. The studies that did not obtain valid data from the isometric contraction
suggested that the reason was due to the movement of various muscles rather than one muscle
when performing a specific movement.
Table 2. Clinical studies conducted by measuring EMG during movement.

54

Ref

Purpose

Electrode
Location

Investigation of
Right soleus,
EMG median
gastrocnemius
[
frequency of calf
1993 muscles during medialis,
gastrocnemius
an exhausting
lateralis
treadmill exercise
Determination if
a difference
existed in the rate
of fatigue of
select shoulder Upper trapezius,
muscles during middle deltoid,
isometric
serratus anterior,
2007
shoulder
lower trapezius
elevation and if muscles
the measured rate
of fatigue was
consistent from
day to day

Subject

Experimental Parameters
Method
Used

Conclusion

Immediately after
Uphill treadmill
7 males,
Heartrate,
the run, isometric
run till the
2
ECG, median median power
moment of
females
frequency,
frequency
exhaustion
declined.

60% of their
maximal
7 males,
voluntary
9
isometric
females
contraction
force (MVIC)

MPF

Middle deltoid
appears to fatigue
faster than the
other shoulder
muscles tested at
the selected level
of
shoulder
elevation.

Strength athletes
produced neural
11
fatigue in highmales
intensity
resistance
exercise.
During dynamic
Mind-belly of the
contractions,
longissimus
instantaneous instantaneous
EMG assessment thoracis,
median
median frequency
of back muscle iliocostalis
3 males, Dynamic and
frequency
behavior is
1998 function during lumborum,
1 female static lifting
(Choi–
nonlinear and
cyclical lifting multifidus
Williams)
more complex
muscles at L1,
than static
L2, L5
contraction.
For standardized
Evaluation of
grips, valid
Grip force,
handgrip forces 6 forearm
Isometric
predictions of
8 males
normalized
(2005) using sEMG of muscles
gripping tasks
grip based on
EMG
forearm muscles
EMG were
produced.
Trunk kinematics
Evaluation of the
and erector
potential health
spinae EMG
3
Simulated
Exposure
effects with
were strongly
L3, T10
females, office work on variance
(2001) respect to the low
affected by the
7 males a chair
analysis
back of an office
task performed
chair
but not by chair
type.
Determination of
the difference in
fatigue between VL, VM, RF
2009
athletes and nonathletes

Blood lactate,
Maximum
load in forced
versus forced
repetition,
repetition knee
integrated
extension
EMG

When the EMG sensor is applied to a smart device, it is possible to recognize and prevent a
muscle from being injured during exercise by monitoring the movement of the muscle. Since
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70 years have passed since it was used for research, if a wearable sensor is made using the
results of the research conducted so far, quality of life will be greatly improved. For example,
there was a study that analyzed the frequency spectrum of electrocardiography (ECG) data
that can detect EMG and EEG and can differentiate sleep states divided into four with 98–
99% accuracy . In addition, some studies have shown that driver fatigue can be measured by
ECG and EMG . In the case of drowsy driving, ECG and EMG can be developed for
wearable biosensors to detect the risk of drowsiness at one of four levels and can greatly
reduce accident rates. However, since sEMG and EEG need to have electrodes attached, they
are inconvenient to wear and have not yet been commercialized due to noise problems. It was
mainly analyzed only in the isometric contraction of a single muscle, and since dynamic
movement appears when the movements of several muscles are integrated, it is difficult to
measure accurate and significant data when performing dynamic movements. Also, a wireless
sensor is essential for use outside the laboratory, such as running on a track or in a
playground. Currently, a wireless sEMG sensor has been developed to analyze dynamic
motion, but the noise that occurs in dynamic motion has not yet been resolved. For the EMG
sensor to become a wearable sensor, it is necessary to solve the problem of noise generated
on the surface electrode. The solution to this will be covered in detail in the section on noise
below.
Needle EMG
Unlike surface EMG, needle EMG records the electrical activity of a muscle by inserting a
needle electrode directly into the muscle or by obtaining the high-frequency electrical activity
generated by moving the position of the needle electrode in the muscle and an electrical
signal in a rest state . The measurement of needle EMG by physical stimulation causes more
severe pain than that of sEMG. In order to solve this problem, a study was conducted to
investigate the pain of needle EMG , which can be divided into two types: a concentric
needle electrode and a monopolar needle electrode. In the former, the surrounding cannula is
the reference electrode, and the latter is recorded through the surface electrode. The electrode
for measuring needle EMG is mainly a concentric needle electrode that has a small recording
area and can obtain a value that cancels out noise. Since needle EMG can measure accurate
data, one unit of motion can be analyzed through action potentials obtained from muscle
fibers that contract at a location very close to the needle electrode using triggered averaging
and decomposition methods . After inserting a needle to induce minimal muscle contraction,
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the motion unit potential is analyzed by continuously obtaining one and the same motion unit
potential using amplitude triggering while gradually moving the position. Muscles are
evaluated mainly by comparing the average duration and amplitude with normal values .
After that, multi-motor unit potentials (MUP) analysis was developed and a technique
capable of simultaneously obtaining and analyzing multiple-MUP from one recording site
became available and was applied . The pain of needle EMG, which was caused by the
movement of the existing electrode, is less than in the past with multi-MUP analysis, which is
possible with one insertion. However, there are still various limitations.

(a) Monopolar needle electrode; (b) concentric needle electrode.
Electrodiagnostic physicians should conduct a needle EMG test after checking the patient’s
history based on clinical data. Care should be taken regarding some patients with skin
infections, skin diseases, bleeding disorders, and obesity. Since there is a risk due to various
variables such as muscle location and muscle size, needle EMG requires that the placement
of a needle in the longitudinal midline of the muscle is accurately inserted into the muscle of
interest. Instead of these drawbacks, it can be used as a measure of the accuracy of sEMG.
For example, in the vastus intermedius muscle, sEMG was used to determine if the whole
muscle could be used to assess neuromuscular activation. The observation of a good
correlation could be used to assess total neuromuscular activation of the VL muscle during
isometric contraction at low force levels. There is also a paper on the feature extraction of a
forearm EMG signal for prosthetics. EMG data analysis was conducted using both needle and
sEMG for recording accuracy during hand movement. For analysis of neuromuscular jitter
that can be measured only in a single fiber, only needle EMG can be used. EMG, which can
obtain sensitive signals, is used for physiological analysis and diagnosis in a single motor unit
during muscle contraction. Needle EMG is known to have a more accurate value than sEMG
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and is being used and studied. Needles have little noise, but considering the risk and
difficulty of including them in a wearable sensor, it cannot be applied to the future
development of biosensors. However, if the surface electrode is made in a way that reduces
noise by bringing the reference electrode closer like a needle EMG to make it more accurate
and easy to wear, it can be used in a wider range.

Needle EMG of the tongue: motor unit action potential (MUAP) from the right genioglossus
muscle of a healthy subject. Markers for the MUAP duration were set on the most
uncontaminated of the five averaged MUAPs. Reproduced from with permission from BMJ
Publishing Group Ltd.

ELECTRORETINOGRAPHY (ERG)

An electroretinography (ERG) test, also known as an electroretinogram, measures the
electrical response of the light-sensitive cells in your eyes. These cells are known as rods
and cones. They form part of the back of the eye known as the retina.

Electroretinography (ERG) is an eye test that detects function of the retina (the lightdetecting portion of the eye). The retina is comprised of layers of specialized cells, including
photoreceptors (rods and cones), that detect light and ganglion cells that transmit images to
the brain. Specifically, the ERG picks up electrical signals from the photoreceptors, as well as
other cells (Muller cells and bipolar cells) that act as intermediaries between the
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photoreceptors and the ganglion cells. Abnormal ERG readings can detect certain
abnormalities of these cell layers. During the test, a medical professional places an electrode
on the cornea (at the front of the eye) to measure the electrical responses to light of these
cells.

Electroretinography measures the electrical responses of various cell types in the retina,
including the photoreceptors (rods and cones), inner retinal cells (bipolar and amacrine cells),
and the ganglion cells. Electrodes are placed on the surface of the cornea (DTL silver/nylon
fiber string or ERG Jet) or on the skin beneath the eye (Sensor Strips) to measure retinal
responses. Retinal pigment epithelium (RPE) responses are measured with an EOG test with
skin-contact electrodes placed near the canthi. During a recording, the patient's eyes are
exposed to standardized stimuli and the resulting signal is displayed showing the time course
of the signal's amplitude (voltage). Signals are very small, and typically are measured in
microvolts or nanovolts. The ERG is composed of electrical potentials contributed by
different cell types within the retina, and the stimulus conditions (flash or pattern stimulus,
whether a background light is present, and the colors of the stimulus and background) can
elicit stronger response from certain components.
If a dim flash ERG is performed on a dark-adapted eye, the response is primarily from the rod
system. Flash ERGs performed on a light adapted eye will reflect the activity of the cone
system. Sufficiently bright flashes will elicit ERGs containing an a-wave (initial negative
deflection) followed by a b-wave (positive deflection). The leading edge of the a-wave is
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produced by the photoreceptors, while the remainder of the wave is produced by a mixture of
cells including photoreceptors, bipolar, amacrine, and Müller cells or Müller glia. The pattern
ERG (PERG), evoked by an alternating checkerboard stimulus, primarily reflects activity
of retinal ganglion cells.
An electroretinogram (ERG) test performed in 2014.

A historical photo of a patient undergoing an electroretinogram.
Clinically used mainly by ophthalmologists and optometrists, the electroretinogram
(ERG) is used for the diagnosis of various retinal diseases.
Inherited retinal degenerations in which the ERG can be useful include:


Retinitis pigmentosa and related hereditary degenerations



Retinitis punctata albescens



Leber's congenital amaurosis



Choroideremia



Gyrate atrophy of the retina and choroid



Goldman-Favre syndrome



Congenital

stationary

night

blindness - normal

a-wave

indicates

normal photoreceptors; absent b-wave indicates abnormality in the bipolar
cell region.


X-linked juvenile retinoschisis



Achromatopsia



Cone dystrophy



Disorders mimicking retinitis pigmentosa



Usher Syndrome

Other ocular disorders in which the standard ERG provides useful information include:
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Diabetic retinopathy



Other

ischemic

retinopathies

including central

retinal

vein

occlusion (CRVO), branch vein occlusion (BVO), and sickle cell retinopathy


Toxic retinopathies, including those caused by Plaquenil and Vigabatrin. The
ERG is also used to monitor retinal toxicity in many drug trials.



Autoimmune retinopathies such as Cancer Associated Retinopathy (CAR),
Melanoma Associated Retinopathy (MAR), and Acute Zonal Occult Outer
Retinopathy (AZOOR)



Retinal detachment



Assessment of retinal function after trauma, especially in vitreous hemorrhage,
dense cataracts, and other conditions where the fundus cannot be visualized.

The ERG is also used extensively in eye research, as it provides information about the
function of the retina that is not otherwise available.
Other ERG tests, such as the photopic negative response (PhNR) and pattern ERG (PERG)
may be useful in assessing retinal ganglion cell function in diseases like glaucoma.
The multifocal ERG is used to record separate responses for different retinal locations.
The international body concerned with the clinical use and standardization of the ERG, EOG,
and VEP is the International Society for the Clinical Electrophysiology of Vision (ISCEV).

UNIT III
NON – ELECTRICAL PARAMETER MEASUREMENTS
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Blood pressure
The heart supplies the organs and tissues of the body with blood. With every beat, it pumps
blood into the large blood vessels of the circulatory system. As the blood moves around the
body, it puts pressure on the walls of the vessels. Blood pressure readings are made up of two
values:


Systolic blood pressure is the pressure when the heart beats – while the heart muscle
is contracting (squeezing) and pumping oxygen-rich blood into the blood vessels.



Diastolic blood pressure is the pressure on the blood vessels when the heart muscle
relaxes. The diastolic pressure is always lower than the systolic pressure.

Blood pressure is measured in units of millimeters of mercury (mmHg). The readings are
always given in pairs, with the upper (systolic) value first, followed by the lower (diastolic)
value.
So someone who has a reading of 132/88 mmHg (often spoken “132 over 88”) has a


systolic blood pressure of 132 mmHg, and a



diastolic blood pressure of 88 mmHg.

Blood pressure is always measured on a number of different days and when you are at rest. If
several of these measurements are too high, you are said to have high blood pressure, even if
only one of the two – either the systolic or the diastolic one – is high. The medical term for
high blood pressure is hypertension. In adults, blood pressure is considered to be normal
under a systolic value of 140 mmHg and under a diastolic value of 90 mmHg.
When taking your blood pressure for the first time, it makes sense to measure the blood
pressure in both arms, because it's sometimes high on only one side. The values that are
higher are always the ones used for assessing blood pressure. After that it is enough to
measure the blood pressure only in the arm that produced the higher reading. A person is
considered to have high blood pressure if the systolic value is over 140 mmHg, the diastolic
value is over 90 mmHg, or if both are higher than these readings.
High blood pressure itself usually goes unnoticed. Only if it is extremely high can it
sometimes result in symptoms like dizziness or trouble seeing. Over the long term, high
blood pressure increases your risk of cardiovascular problems like heart attacks, strokes, and
heart and kidney failure. So if you or your doctor think you have high blood pressure, it's
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important to have your blood pressure checked regularly. If the readings are repeatedly too
high, there are several different ways of lowering your blood pressure and decreasing the risk
of long-term health consequences.
Table: Normal and high blood pressure readings

Normal blood pressure systolic under 140 mmHg and diastolic under 90 mmHg

High blood pressure

systolic over 140 mmHg and/or diastolic over 90 mmHg

BLOOD PRESSURE MEASURED

It's important to measure blood pressure more than once because it fluctuates over the course
of the day. It can also change due to things like physical exertion, stress, pain, or extreme
heat or cold. But this kind of increase in blood pressure is only temporary and it soon returns
to normal.
So, if blood pressure is measured just once and found to be high, it doesn't necessarily mean
that it's always too high. A blood pressure reading taken at the doctor’s office can also be
misleading: Going to the doctor makes some people so nervous that their blood pressure goes
up.
So to get reliable readings, blood pressure is measured on several different days and while
you are resting. This means sitting down and relaxing on a chair, and waiting about three
minutes before taking a measurement so that your circulatory system comes to rest. The
upper arm that is being used for the measurement should rest on a table, at about the same
height as the heart, while the reading is being done.
You can measure your blood pressure on your own using a digital blood pressure monitor for
automated readings or an instrument called a sphygmomanometer for manual readings.

Digital blood pressure monitors
Digital blood pressure monitors are often used on the wrist, but they can also be placed on the
finger or upper arm and are activated simply by pressing a button. They read the blood
pressure automatically based on variations in the volume of blood in the arteries. When
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taking blood pressure measurements on the wrist, it's important to keep the hand level with
the heart. Otherwise it can affect the readings.
Digital meters can sometimes be inaccurate and produce unreliable readings anyway –
especially in people with certain heart rhythm problems or arteries that have hardened due to
arteriosclerosis.
Measuring blood pressure with a sphygmomanometer

A sphygmomanometer has three parts:


a cuff that can be inflated with air,



a pressure meter (manometer) for measuring air pressure in the cuff, and



a stethoscope for listening to the sound the blood makes as it flows through the
brachial artery (the major artery found in your upper arm).

The scale of the pressure meter ranges from 0 to 300 mmHg. The pressure meter has a rubber
pump on it for inflating the cuff and a button for letting the air out.
To measure blood pressure, the cuff is placed around the bare and stretched out upper arm,
and inflated until no blood can flow through the brachial artery. Then the air is slowly let out
of the cuff.
As soon as the air pressure in the cuff falls below the systolic blood pressure in the brachial
artery, blood will start to flow through the arm once again. This creates a pounding sound
when the arteries close again and the walls of the vessels hit each other after a heart beat. The
sound can be heard by placing the stethoscope close to the elbow. Right when you start to
hear this pounding for the first time you can read your systolic blood pressure off the pressure
meter.
The pounding sound stops when the air pressure in the cuff falls below the diastolic blood
pressure in the brachial artery. Then the blood vessels remain open. Right when the pounding
stops, you can read the diastolic blood pressure off the pressure meter.
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Where can I learn how to take my blood pressure myself?
In Germany and other countries, people with high blood pressure can attend patient education
courses that teach a number of things, including how to measure your blood pressure. As part
of specialized disease management programs (DMPs) for people who have narrow coronary
arteries (coronary artery disease, CAD), statutory health insurers offer additional healthcare
services. These include patient education about high blood pressure. Some doctor’s practices
don't offer these courses, though.
What is ambulatory blood pressure monitoring?
If a doctor recommends ambulatory blood pressure monitoring, you will need to wear a blood
pressure cuff for 24 hours. It's connected to a small, portable measuring device that
automatically measures your blood pressure at set times and records the readings.
Ambulatory blood pressure monitoring is used, for example, to see whether blood pressure
levels vary greatly over the course of the day and night or whether they are constantly
elevated. During those 24 hours, you can do all of the usual things you would otherwise do
over the course of the day. If you are especially active at certain times, you can make a note
in a diary. Then the doctor has a better idea of how to interpret the recorded values when
evaluating them.
Measuring Blood Pressure
Materials: Sphygmomanometer (blood pressure cuff)
1. Deflate the air bladder of the cuff and place it around the upper arm so it fits snugly. If
you’re right handed, you should hold the bulb/pump in your left hand to inflate the cuff. Hold
it in the palm so your fingers can easily reach the valve at the top to open and close the outlet
to the air bladder.
2. Put the head of the stethoscope just under the edge of the cuff, a little above the crease of
the person’s elbow.
3. Inflate the cuff with brisk squeezes of the bulb. Watch the pressure gauge as you do it, you
should go to around 150 mmHg or until the pulse is no longer heard. At this point blood flow
in the underlying blood vessel is cut off by pressure in the cuff.
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4. At around 150, slightly open the valve on the air pump (held in your left hand). This part
takes practice, it’s important that you don’t let the air out too suddenly.
5. Now, pay attention to what you hear through the stethoscope as the needle on the pressure
gauge falls. You will be listening for a slight “blrrp” or something that sounds like a
“prrpshh”. The first time you hear this sound; note the reading on the gauge. This value is
the systolic blood pressure.
6. The sounds should continue and become louder in intensity. Note the reading when you
hear the sound for the last time. This is the diastolic blood pressure.

Measuring Heartbeat Using a Stethoscope
Auscultation of the heart means to listen to and study the various sounds arising from the
heart as it pumps blood. These sounds are the result of vibrations produced when the heart
valves close and blood rebounds against the ventricular walls or blood vessels. The heart
sounds may be heard by placing the ear against the chest or by using a stethoscope. Two
major sounds can be heard:


First heart sound. Produced at the beginning of systole when the atrioventricular
(AV) valves close and the semilunar (SL; the aortic and pulmonary) valves open.
This sound has a low-pitched tone commonly termed the “lub” sound of the heartbeat.
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Second heart sound. Occurs during the end of systole and is produced by the closure
of the SL valves, the opening of the AV valves, and the resulting vibrations in the
arteries and ventricles. Owing to the higher blood pressures in the arteries, the sound
produced is higher pitched than the first heart sound. It is commonly referred to
as the “dub” sound.

*Measure your heart rate and the heart rate of 2 test subjects over a 30 second period.
Multiply by 2 to get your heart rate.
Measuring Pulse
You should know that your "pulse" refers both to the physical thump created in your
arteries by the contraction of your heart muscles and the number of these thumps your
heart causes per minute. You have seven pulse points--places where arteries come close
to your skin--on your body:
a. carotid arteries (located on your neck)
b. radial arteries (on your wrists)
c. brachial arteries (on your arms)
d. aortic arch (by your heart)
e. abdominal aorta (near your stomach)
f. femoral arteries (on your thighs)
g. popliteal arteries (near your knees)
Measure Using Your Radial Artery
To find your radial artery (the most common point from which people take pulses), hold one
hand straight out, elbow bent, palm relaxed and facing up. Raise your thumb slightly
skyward, as if holding an apple or a tennis ball, to create a small pocket under your thumb at
the top of your wrist where you will place the tips of your index and middle finger. (Don't use
your thumb--it's also got a pulse and could cause counting confusion.)
BLOOD FLOW CARDIAC OUTPUT
Cardiac output (CO) is the amount of blood pumped by the heart minute and is the
mechanism whereby blood flows around the body, especially providing blood flow to the
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brain and other vital organs. The body’s demand for oxygen changes, such as during exercise,
and the cardiac output is altered by modulating both heart rate (HR) and stroke volume (SV).
As a result, the regulation of cardiac output is subject to a complex mechanism involving the
autonomic nervous system, endocrine, and paracrine signaling pathways.
Because every tissue in the body relies on the heart pumping blood for nourishment, any
cardiovascular dysfunction has the potential to result in significant morbidity and mortality.
Heart disease affects nearly 30 million Americans annually and is the number one cause of
death in the United States. The degree of functional impairment can be assessed by a variety
of methods that guides diagnosis, prognosis, and treatment. As a clinician, one will come
across heart disease in the course of practice and should be familiar with the basics of cardiac
function.
Cellular
Actively metabolizing tissue requires a constant supply of blood for the delivery of nutrients
and the removal of waste products. Under ideal conditions, the blood supply to the tissue is
matched to the rate of oxygen consumption to allow biochemical processes to proceed at
optimal speeds. Situations resulting in insufficient blood supply slow down or
completely halt vital reactions. More specifically, subprime perfusion causes cells to shift to
anaerobic metabolic pathways leading to the generation of lactic acid and other bioactive
compounds. Effects of toxic metabolite accumulation include reduced cellular pH, enzyme
denaturation, and altered membrane potentials. These changes are detrimental l cellular,
tissue, organ, and eventually, global catastrophe if left uncorrected.
Organ Systems Involved
Cardiac output is dependent on the heart as well as the circulatory system- veins and arteries.
CO is the product of heart rate (HR) by stroke volume (SV), the volume of blood ejected by
the heart with each beat. Thus, the heart can directly alter CO. However, the arterial
compliance, vasoconstriction, and arterial pressure (afterload) directly affect the volume of
blood able to leave the heart (SV), and thus also affect CO. Last, since the circulatory system
is a closed-loop, CO is dependent on the volume of blood entering the heart from the veins,
or venous return VR. The venous return also depends on the central venous pressure, which
in turn is altered by venoconstriction. One has to recall that about 60% of the blood is stored
in the capacitance vessels, and can alter the volume of blood returning to the heart.
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Function
The amount of blood pumped by the heart is closely matched to global metabolic needs.
Changes in cardiac output from baseline are directly proportionate to changes in total body
oxygen needs. During times of physiologic stress, cardiac output will increase to ensure
adequate tissue perfusion. Fick’s principle illustrates this notion and can be used to calculate
cardiac output based on oxygen exchange through a capillary bed. In equation form: CO =
VO2/ (a – v O2 difference) where VO2 represents oxygen use by tissue and a-V O2 is the
difference in oxygen content of arterial and venous blood. This Fick’s principle also
represents one method to measure CO.
Another method for measuring CO function is the thermodilution method using the change in
temperature of blood between a port in the catheter and a thermistor. Thermodilution
catheters are usually placed with the proximal (injection port) in the superior or inferior vena
cava or right atrium, and the distal port where the thermistor is located is in the pulmonary
arteries.
CO is dynamically altered by changes in mean arterial pressure (MAP) and total peripheral
resistance (TPR) or systemic vascular resistance. This can be represented by CO =
MAP/TPR.
Mechanism
Cardiac output is the product of heart rate (HR) and stroke volume (SV) and is measured in
liters per minute. HR is most commonly defined as the number of times the heart beats in one
minute. SV is the volume of blood ejected during ventricular contraction or for each stroke of
the heart. Not all of the blood that fills the heart by the end of diastole (end-diastolic volume
or EDV) can be ejected from the heart during systole. Thus the volume left in the heart at the
end of systole is the end-systolic volume (ESV). Thus, the stroke volume is not equal to the
end-diastolic volume but the EDV- ESV. HR and VS are simultaneously affected by several
factors. Cardiac output in humans is generally 5-6 L/min in an at-rest to more than 35 L/min
in elite athletes during exercise.
HR is determined by signals from the sinoatrial node, which automatically depolarizes at an
intrinsic rate of 60 to 100 times each minute. SV is the other major determinant of cardiac
output and is also affected by several factors. The amount of blood ejected each beat depends
on preload, contractility, and afterload. Preload represents all of the factors that contribute to
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passive muscle tension in the muscles at rest. Preload is proportional to the end-diastolic
ventricular volume, or the amount of blood in the ventricles immediately before systole.
Greater end-diastolic volumes of blood returned to the heart, increase the passive stretching
of the heart muscles. This in turn results in the ventricles contracting with more force- a
phenomenon called the Frank-Starling law of the heart. Contractility describes the force of
myocyte contraction, also referred to as inotropy. As the force of contraction increases, the
heart is able to push more blood out of the heart, and thus increases the stroke volume. The
final determinant of stroke volume is afterload. Afterload represents all the factors that
contribute to total tension during isotonic contraction. As such afterload can be related to the
amount of systemic resistance the ventricles must overcome to eject blood into the
vasculature. Afterload is proportionate to systemic blood pressures and is inversely related to
stroke volume, unlike preload and contractility.
Cardiac output can be increased by a variety of signaling methods including enhancement of
sympathetic tone, catecholamine secretion, and circulation of thyroid hormone. These
mechanisms increase HR by exerting positive effects via chronotropy (timing), dromotropy
(conduction speed), and lusitropy (myocardial relaxation rate). These influences also increase
preload

through

increased

venous

return via

receptor-mediated

vasoconstriction.

Additionally, contractility is improved through the Frank-Starling mechanism and also by
direct catecholamine stimulation. The opposite effects on HR and SV occur when the
parasympathetic tone is strengthened in response to decreased oxygen requirements.
Pathophysiology
Impairment of cardiac function can arise through a variety of pathophysiologic mechanisms.
Common etiologies include hypertension, coronary disease, congenital problems, myocardial
ischemia and infarction, congestive heart failure, shock, arrhythmias, genetic diseases,
structural abnormalities, pericardial effusions, emboli, tamponade, and many others.
Depending on the temporal course, not all of these ailments present with clinically apparent
effects. It may take decades for chronic problems like hypertension or coronary
atherosclerosis to cause noticeable symptoms. However, it is important to understand that all
diseases due to cardiac dysfunction share a compromised ability of the heart’s ability to
supply oxygen to the body effectively.
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Clinical Significance
Cardiovascular diseases cause 1 in 6 deaths in the US in 2006, and each year about 795,000
people will have strokes. Cardiac deterioration occurs in both an acute and chronic fashion.
Major modifiable risk factors include high lipid values, diabetes, overweight, and obesity.
Primary prevention for the general public should focus on maintenance of a body mass index
(BMI) less than 25 kg/m, consuming a healthful diet, avoidance of tobacco, blood pressures
of less than 140/90 mmHg, LDL cholesterol less than 130 mg/dL, HDL cholesterol greater
than 35 mg/dL, and glycated hemoglobin less than 6.5%. Secondary prevention includes aids
for smoking cessation, hypoglycemic agents, antihypertensives, lipid-altering therapies,
weight loss, and dietary modification.
Once the decline in cardiac function becomes evident, assessment by echocardiogram is
warranted. When ejection fraction, the SV divided by the end-diastolic volume, is greater
than or equal to 50%, the condition is called diastolic heart failure or heart failure with
preserved ejection fraction (HFpEF). Typically, in this case, the dysfunction is due to the
ventricle becoming stiff, and cannot relax normally during diastole. We should note that a
normal ejection fraction is 55-65%. With a decline in the ejection fraction less than or equal
to 40%, the condition becomes systolic heart failure or heart failure with reduced ejection
fraction (HFrEF). In this case, this is due to the heart not being able to contract with enough
force during systole. However, there is a new classification of heart failure in the mid-range
EF. Interventions for each diagnosis are variable and complex, but the goal for each is to
preserve function, minimize symptoms, and prevent disease progression.
Acute failure of the heart, with reduced CO, and the ability to perfuse tissue is called shock.
Four primary categories exist based on origin: cardiogenic, distributive, hypovolemic, and
obstructive. Therapy for each class of acute heart failure is guided by etiology,
symptomology, and patient characteristics.
Cardiac output describes the volume of blood pumped out of the heart per minute


It is roughly 5 litres per minute in a typical human adult at rest (it increases to ~25
L/min during heavy exercise)

Blood is distributed to body organs according to physiological requirements and this
distribution changes with exercise:

71



Blood flow to the brain is largely unchanged during exercise (brain is vital and hence
blood flow cannot be altered)



Blood flow to the heart wall, muscles and skin is increased (to facilitate improved
oxygenation and heat loss)



Blood flow to the kidneys, liver and digestive system is decreased (due to minimal
absorption and excretion)

Blood vessels will vasodilate during exercise to improve circulation and facilitate heat loss
via the skin


This moves blood closer to the surface of the skin and is why exercise causes a person
to appear flushed

Distribution of Blood Flow at Rest

CARDIAC RATE

A normal resting heart rate for adults ranges from 60 to 100 beats per minute. Generally, a
lower heart rate at rest implies more efficient heart function and better cardiovascular fitness.
For example, a well-trained athlete might have a normal resting heart rate closer to 40 beats
per minute.

When you are at rest, your heart is pumping the lowest amount of blood to supply the oxygen
your body's needs. For most healthy adult women and men, resting heart rates range from 60
to 100 beats per minute. However, a 2010 report from the Women's Health Initiative (WHI)
indicated that a resting heart rate at the low end of that spectrum may offer some protection
against heart attacks. When WHI researchers examined data on 129,135 postmenopausal
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women, they found that those with the highest resting heart rates—more than 76 beats per
minute—were 26% more likely to have a heart attack or die from one than those with the
lowest resting heart rates—62 beats per minute or less. If your resting heart rate is
consistently above 80 beats per minute, you might want to talk to your doctor about how your
heart rate and other personal factors influence your risk for cardiovascular disease.

HEART SOUND
Heart sounds are created from blood flowing through the heart chambers as the cardiac valves
open and close during the cardiac cycle. Vibrations of these structures from the blood flow
create audible sounds — the more turbulent the blood flow, the more vibrations that get
created. The same variables determine the turbulence of blood flow as all fluids. These are
fluid viscosity, density, velocity, and the diameter of the column through which the fluid is
traveling. Auscultation of the heart sounds with a stethoscope is a cornerstone of physical
medical exams and a valuable first-line tool to evaluate a patient. Some sounds are very
characteristic of significant pathological lesions that have major pathophysiological
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consequences, and these first present on auscultation. These type of lesions can be heard in
systole, diastole, or continuously through the cardiac cycle.

Organ Systems Involved
Cardiac Valves
Anatomy:
There are four chambers of the heart: the right atrium, the right ventricle, the left atrium, and
the left ventricle. The atrioventricular valves are located on the floor of the atria and empty
into the ventricles. These valves are composed of leaflets attached to papillary muscles in the
ventricle via thin cord-like structures called chordae tendineae. The leaflets also attach to a
fibrous ring, known as the valve annulus, that supports the valve between the atria and
ventricles. The tricuspid valve separates the right atrium from the right ventricle, and the
mitral valve separates the left atrium from the left ventricle. The tricuspid valve consists of
three leaflets, while the mitral valve consists of two leaflets.
The semilunar valves separate the ventricles from the great arteries. These valves are
composed of three sinus-like leaflets also attached to a valve annulus. The pulmonic valve
separates the right ventricle from the pulmonary artery, and the aortic valve separates the left
ventricle from the aorta. The superior aspects of the right and left aortic valve leaflets contain
the origins of the coronary arteries. The aortic valve on average opens and closes 100000
times a day.
Cellular:
A single layer of endothelial cells called the endocardium lines the surface of the heart
valves. The subendocardium contains a vast population of cells types. It contains fibroblasts,
myofibroblasts, smooth muscle cells, nerves, elastic and collagenous fibers. The connective
tissue of the subendocardium is continuous with the connective tissue of the myocardial
layer.
The endothelial cells of the valves are genotypically and phenotypically unique from other
endothelial cells found in the body. Research has shown these cells are very functionally
active and can alter the mechanical properties of the aortic valve, which in turn alters its
function. They modulate the elastic modulus of the valve, which is the valve’s strain for a
given amount of stress. Endothelial cells accomplish this via communication with
myofibroblast and smooth muscle cells in the subendocardial layer.
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Function:
The heart valves permit forward flow of blood while preventing backward regurgitant
flow.[4] During systole, the tension provided by the chordae tendineae keep the
atrioventricular valve leaflets together. The rise in pressure pushes the aortic and pulmonic
valves open, allowing blood to flow forward. As the ventricle stops contracting and pressures
fall in diastole, elastic recoil of the great arteries will cause blood to fall back toward the
heart. The sinus-like leaflets will begin to fill with blood, which will distend the valve cusp
toward one another for closure. Tension on the chordae tendineae also decreases. The atria
fill with blood then contract, causing the atrioventricular valves to open so the ventricles can
fill with blood.
Function
Flow
Flow can be laminar or turbulent. Laminar flow is smooth with low resistance. It is
conceptualized as layers neatly stacked in parallel as they flow through a column. In contrast,
turbulent flow is rough with high resistance and has a chaotic, unorganized structural pattern.
Reynold’s number can quantify the likelihood of a fluid demonstrating turbulent flow. It
states this likelihood is related to fluid viscosity, density, velocity, and the diameter of the
column through which the fluid is traveling. Flow becomes more turbulent as velocity
increases and the diameter of the column becomes smaller.
Heart sounds are primarily generated from vibrations of cardiac structures caused by changes
that create turbulent flow. Under normal conditions, blood flow is laminar. With structural or
hemodynamic changes turbulent flow results, which causes vibrational waves. These waves
are transmitted through the chest wall and are the sounds practitioners auscultate with their
stethoscopes. The sound transmits in the same direction as the blood flow.
Physiologic Heart Sounds
The S1 heart sound is produced as the mitral and tricuspid valves close in systole. This
structural and hemodynamic change creates vibrations that are audible at the chest wall. The
mitral valve closing is the louder component of S1. It also occurs sooner because of the left
ventricle contracts earlier in systole. Thus, changes in the intensity of S1 are more attributable
to forces acting on the mitral valve. Such causes include a change in left ventricular
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contractility, mitral structure, or the PR interval. However, under normal resting conditions,
the mitral and tricuspid sounds occur close enough together not to be discernable. The most
common reasons for a split S1 are things that delay right ventricular contraction, like a right
bundle branch block.
The S2 heart sound is produced with the closing of the aortic and pulmonic valves in
diastole. The aortic valve closes sooner than the pulmonic valve, and it is the louder
component of S2; this occurs because the pressures in the aorta are higher than the pulmonary
artery. Unlike the S1, under normal conditions, the closure sound of the aortic and pulmonic
valves can be discernable, which occurs during inspiration due to the increase in venous
return. The increase in volume means the right ventricle will take longer to pump out blood,
which slightly delays the pressure increase in the pulmonic artery that leads to the pulmonic
valve closure. So, the later sound in a physiologic split S2 is the closure of the pulmonic
valve. S2 can provide a lot of useful clinical information. Some have referred to it as the
“auscultatory anchor point” pointing to its use as a reliably discernable sound that orients the
listener to the other sounds.
Different heart sounds exist aside from S1 and S2 that hold no pathologic consequence. The
factors involved in the production of these sounds are the same factors involved with all heart
sounds: turbulent flow and vibration of cardiac structures. These physiologic murmurs occur
in systole, typically early systole, with a short duration. They are characterized as soft sounds
affecting maximally 60% of systole and do not propagate well. These murmurs have also
been called innocent, harmless, irrelevant, evolving, benign, habitual, infantile, growth
murmurs,

accidental,

non-pathological,

non-organic,

normal,

false,

meaningless,

‘’functional’’, supine position, nonsignificant, transitory, and dynamic murmurs. Some
specific examples are Still’s murmur, venous hum, and pulmonic flow murmur.
Related Testing
The classic tool for evaluating heart sounds is the stethoscope. The stethoscope has been
around for decades with many changes in design, but the function has always remained the
same-to amplify the noise created by the heart and blood for better evaluation. The basic
components are a headset with earpieces connected to a chest piece via tubing. The chest
piece can act as a bell for low-frequency sounds and a diaphragm for high-frequency sounds.
Most chest pieces incorporate both the bell and diaphragm, usually through a two-sided
model, or a one-sided model where changing the amount of pressure applied to the chest
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piece allows for switching between each. The headpiece and earpieces are designed to
optimize hearing by creating a seal around the ear canal to decrease ambient noise. The
external ear canal travels in an anterior angle towards the tympanic membrane. The angle of
the headset facilitates alignment with the external ear canal anatomy to create a complete
seal. The correct size of the earpieces is also important for creating a proper seal.
The stethoscope can be used to auscultate all four cardiac valves. The aortic valve is best
heard in the 2nd right intercostal space. The pulmonic valve is best auscultated in the 2nd left
intercostal space. The tricuspid valve is loudest in the 4th left intercostal space, and the mitral
valve is loudest in the left 5th intercostal space at the midclavicular line. Other areas of the
body can also be auscultated for significant clinical data such as the neck, clavicles,
supraclavicular fossa, axilla, sternal boarders, and abdomen.
The digital age has spawned the creation of phonocardiography, which is the use of a
phonocardiogram to record sounds made by the blood and heart. One example of these is
commercially available electronic stethoscopes. Their main features are their ambient noise
canceling technology, and the ability to filter out and amplify specific noises. Some can also
record, visually display, store, and playback sounds. Recent research on the accuracy
amongst different kinds of commercially available electronic stethoscopes suggests no
significant difference between them in identifying pathological heart sounds. There was a
significant difference between models with identifying normal heart sounds. The future trend
in electronic stethoscopes is an automatic interpretation of recorded sounds for diagnosis.
This technology is being developed based on evidence-based algorithms and artificial
intelligence.
Clinical Significance
Auscultation of heart sounds is a foundational component in clinical physical examination.
An abundant amount of on-going research has been produced on the proper technique and
interpretation of heart auscultation. Heart sounds and murmurs have been described in terms
of their timing in the cardiac cycle, intensity, how intensity changes during the cardiac cycle,
sound wave shape, pitch, location where the sound is audible, radiation, rhythm, and response
to physical exam maneuvers. These different characteristics are utilized to differentiate
between physiologic and pathologic sounds.
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Systolic Sounds
Clinically significant systolic heart murmurs can be further broken down into ejection and
regurgitant murmurs. Ejection murmurs are crescendo-decrescendo murmurs that occur as
blood flows through an obstruction. The sound intensity increases as the pressure gradient
across the obstruction increases. Common causes of obstruction include pathology like aortic
valve stenosis, pulmonary valve stenosis, ventricular septal defect, and hypertrophic
cardiomyopathy. The regurgitant murmurs are mitral and tricuspid insufficiency. They are
classically described as harsh, loud, holosystolic murmurs, which means the murmur lasts the
entire duration of systole and covers up S2. The noise is due to the regurgitant flow through
the incompetent valve. Systolic clicks are loud mid-systolic noises due to prolapse of either
the mitral or tricuspid valve leaflets into the atria during ventricular contraction. Depending
on the severity, these prolapses can have pathologic consequences. Variations in S1 and S2
intensity or character can be suggestive of a pathologic lesion but can also be physiological.
Diastolic Sounds
Examples of diastolic murmurs are aortic and pulmonic valve regurgitation (AR & PR),
tricuspid and mitral valve stenosis (TS & MS), S3 sounds, and S4 sounds. Diastolic heart
sounds are more clinically significant because all diastolic murmurs are pathologic, except
for some S3. The mechanism for sound creation is the same in AR, PR, MS, and TS as their
systole counterparts. Turbulent flow from the stenosis is due to a pressure gradient the
obstruction creates. The sound created in regurgitation murmurs is from regurgitant flow
through the incompetent valve. The AR and PR sounds have a blowing character that occurs
in early diastole and decreases in intensity as the phase progresses, resulting in a decrescendo
configuration. AR has a high pitch while PR has a low to medium pitch. MS occurs in mid to
late diastole and begins with a loud opening snap followed by a rumble. TS has a similar
sound, but it is softer and best heard in the tricuspid area. The S3 heart sound correlates to
conditions of increased left atrial volume and/or increased ventricular filling pressure. The
exact mechanism for the creation of the S3 has been more controversial than most of the
other heart sounds. It is classically taught this sound is created from blood filling a volumeoverloaded ventricle., like during an acute heart failure exacerbation. Recent research
suggests that mitral valve annulus diameter is one of the more important factors in creating
the sound. The sound can be physiologic in some children and athletes. It is a low frequency
early diastolic sound best heard at the cardiac apex in the left lateral decubitus position. The
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S4 sound is created when someone has a less compliant ventricle. As the atria contracts in
late diastole against a stiffened ventricle, it must increase its force-production, which creates
turbulent blood flow. It is the hallmark of diseases that decrease ventricular compliance, like
left ventricular hypertrophy.
Continuous Sounds
Continuous sounds are created when there is a connection between two chambers or vessels
that have differences in pressure. These sounds can be heard throughout the body, such as in
the renal arteries from renal artery stenosis, or with the formation of an arteriovenous fistula,
like those common in pregnancy. The cardiac lesion that creates a continuous murmur is a
patent ductus arteriosus. This is a connection between the pulmonary artery and the aorta that
is needed only for fetal development but sometimes persist after birth. It is said to be a
“machine-like” sound best heard in the left upper sternal border.

Overview
Heart sounds


Heart sounds are produced by:
o

Valve opening and closure

o

Movement of blood in the heart



The more turbulent the flow, the more audible the created vibrations.



On auscultation, 2 heart sounds heard from a normal heart are reflective of the cardiac
cycle.
o

o

The cardiac cycle is a sequence of pressure changes in the heart, resulting in:


Systole (ventricular contraction and ejection of blood) and



Diastole (ventricular relaxation and filling)

S1 and S2 mark the beginning and end, respectively, of the cardiac
cycle phases: systole and diastole; they are high-frequency sounds.

o


Colloquially referred to as the “lub-dub” sound of the heart

S3 and S4 are low-frequency sounds which may be heard in various conditions.
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Table: Heart sounds

Sound

Timing

S1

Isovolumetric

Association

contraction

Closure of atrioventricular valves

(beginning of systole)

S2

Isovolumetric

relaxation

Closure of semilunar valves

(beginning of diastole)

S3

Rapid filling of ventricles (early



diastole)

Normal in pregnant women, children,
athletes



Ventricular dilation (e.g., congestive
heart failure)

S4

Late filling of ventricles by atrial
contraction (late diastole)



Noncompliant or stiff ventricles



Pathologic in children and young
people



May be seen in older people with agerelated stiff ventricles
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MEASUREMENT OF GAS VOLUME

Gas-flow analyzers are used to verify the performance of medical gas-flow and pressure
devices. Examples of the medical devices tested include: aspirators and other types of suction
devices, flowmeters, pressure gauges, medical gas and vacuum outlets, compressors,
ventilators, anesthesia machines, certain parameters of patient monitors, and insufflators. All
gas-flow analyzers measure gas flow and pressure; most measure oxygen concentration of the
gas that is flowing, and some measure barometric pressure, temperature, and relative
humidity. It is the author's opinion that, to ensure the highest accuracy of the flow and
volume measurements, factors affecting accuracy of flow and volume measurements
(barometric pressure, temperature of the gas flowing, and relative humidity of the gas
flowing) should be measured by the gas-flow analyzer, or entered by the user.

All are capable of ventilator performance testing, but some have broader capability for use
across the range of medical gas-flow devices previously mentioned. The periodic evaluation
of the performance of medical gas-flow devices to manufacturer's specification ensures that
they continue to meet the requirements placed on them by the clinicians who use them in
daily patient care. In addition to the gas-flow analyzer when doing ventilator performance
testing, a calibrated precision test lung with multiple resistance and compliance settings
should be used to duplicate the conditions of resistance and compliance presented by the
various pulmonary disease states and chronic conditions in the patient population. The
capability to evaluate the performance of high frequency oscillatory ventilators at the patient
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y-piece is a unique capability that few gas-flow analyzers include, but such capabilities
become more essential as new high-frequency ventilators are used for the most severe
respiratory diseases.

The potential problems encountered when using gas-flow analyzers center around the need to
properly take into account the conditions (e.g. temperature and relative humidity), and
mixture of gases (air, nitrous oxide-oxygen mix, other) flowing and their densities. This is
particularly true when conducting ventilator or anesthesia machine performance testing.
Failure to account for gas conditions and mixture will cause errors in both flow
measurements and volume calculations.

FLOW RATE OF CO2 AND O2 IN EXHAUST AIR

Breathing (or ventilation) is the process of moving air out and in the lungs to facilitate gas
exchange with the internal environment, mostly to flush out carbon dioxide and bring
in oxygen.
All aerobic creatures need oxygen for cellular respiration, which extracts energy from the
reaction of oxygen with molecules derived from food and produces carbon dioxide as a waste
product. Breathing, or "external respiration", brings air into the lungs where gas exchange
takes place in the alveoli through diffusion. The body's circulatory system transports these
gases to and from the cells, where "cellular respiration" takes place.
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The

breathing

of

all vertebrates with

lungs

consists

of

repetitive

cycles

of inhalation and exhalation through a highly branched system of tubes or airways which lead
from the nose to the alveoli. The number of respiratory cycles per minute is the breathing
or respiratory rate, and is one of the four primary vital signs of life.[4] Under normal
conditions the breathing depth and rate is automatically, and unconsciously, controlled by
several homeostatic

mechanisms which

keep

the partial

pressures of carbon

dioxide and oxygen in the arterial blood constant. Keeping the partial pressure of carbon
dioxide in the arterial blood unchanged under a wide variety of physiological circumstances,
contributes significantly to tight control of the pH of the extracellular fluids (ECF). Overbreathing (hyperventilation) and under-breathing (hypoventilation), which decrease and
increase the arterial partial pressure of carbon dioxide respectively, cause a rise in the pH of
ECF in the first case, and a lowering of the pH in the second. Both cause distressing
symptoms.
Breathing has other important functions. It provides a mechanism for speech, laughter and
similar

expressions

of

the

emotions.

It

is

also

used

for reflexes such

as yawning, coughing and sneezing. Animals that cannot thermoregulate by perspiration,
because they lack sufficient sweat glands, may lose heat by evaporation through panting.
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PH OF BLOOD

Blood is normally slightly basic, with a normal pH range of about 7.35 to 7.45. Usually the
body maintains the pH of blood close to 7.40. A doctor evaluates a person's acid-base balance
by measuring the pH and levels of carbon dioxide (an acid) and bicarbonate (a base) in the
blood.
The pH scale measures how acidic or alkaline — basic — something is.
Your body works constantly to carefully control pH levels of blood and other fluids. The
body’s pH balance is also called the acid-base or acid-alkaline balance. The right pH levels
are needed for good health.
The pH scale ranges from 0 to 14. The readings are based around a pH of 7, which is neutral,
like pure water:


A pH below 7 is acidic.



A pH higher than 7 is alkaline or basic.

This scale might seem small, but each level is 10 times bigger than the next. For example, a
pH of 9 is 10 times more alkaline than a pH of 8. A pH of 2 is 10 times more acidic than a pH
of 3, and 100 times more acidic than a reading of 4.
Your blood has a normal pH range of 7.35 to 7.45. This means that blood is naturally slightly
alkaline or basic.
In comparison, your stomach acid has a pH of around 1.5 to 3.5. This makes it acidic. A low
pH is good for digesting food and destroying any germs that get into the stomach.

Blood pH balance
Acidosis is when your blood pH drops below 7.35 and becomes too acidic. Alkalosis is when
your blood pH is higher than 7.45 and becomes too alkaline. The two main organs that help
balance the pH of blood are the:
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Lungs. These organs remove carbon dioxide through breathing or respiration.



Kidneys. These organs remove acids through urine or excretion.

The different types of blood acidosis and alkalosis depend on the cause. The two main types
are:


Respiratory. This type occurs when the change in blood pH is caused by a lung or
breathing condition.



Metabolic. This type occurs when blood pH changes are due to a kidney condition or
issue.

Testing blood pH
A blood pH test is a normal part of a blood gas test or arterial blood gas (ABG) test. It
measures how much oxygen and carbon dioxide is in your blood.
Your doctor might test your blood pH as part of a regular health checkup or if you have a
health condition.
Blood pH tests involve having your blood drawn with a needle. The blood sample is then sent
to a lab to be tested.
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ESR AND GSR MEASUREMENTS

ESR MEASUREMENTS

An erythrocyte sedimentation rate (ESR) is a type of blood test that measures how quickly
erythrocytes (red blood cells) settle at the bottom of a test tube that contains a blood
sample. Normally, red blood cells settle relatively slowly. A faster-than-normal rate may
indicate inflammation in the body.

GSR MEASUREMENTS

The Galvanic Skin Response (GSR), also named Electrodermal Activity (EDA) and Skin
Conductance (SC), is the measure of the continuous variations in the electrical
characteristics of the skin, i.e. for instance the conductance, caused by the variation of the
human body sweating.

The eccrine glands reflect the emotional activity and can be found almost everywhere in the
body in different proportions. Palms, feet, fingers and shoulders are the most common
locations to place the GSR electrodes because they have a high density of sweat glands.
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UNIT IV
MEDICAL IMAGING PARAMETER MEASUREMENTS

X- RAY MACHINE

An X-ray, also known as radiography, is a medical imaging technique. It uses very small
amounts of electromagnetic radiation to create images of structures inside the body that can
be viewed on film or digitally. X-rays often are done to view bones and teeth, making them
useful for diagnosing breaks, fractures, and diseases such as arthritis. A healthcare provider
may order an X-ray to look at organs and structures inside the chest, including the lungs,
heart, and breasts, and in the abdomen to evaluate the digestive tract.

Purpose of Test
The tiny particles of electromagnetic radiation emitted by an X-ray machine pass through all
but the most solid of objects in the body. As such, the image it creates, known as
a radiograph, is useful for healthcare providers interested in visualizing significant internal
structures. Sometimes a contrast medium, a type of dye, is introduced into the body to help
images show up in greater detail.

88

The individual elements render in various shades of white and grey. Because bones and metal
objects are solid, less radiation passes through them, making them appear white on the
radiograph. Skin, muscle, blood and other fluids, and fat will be grey because they allow the
largest amount of radiation to pass through.
Areas where there is nothing to stop the beam of radiation, such as air, or even a fracture, will
appear black compared to surrounding tissue.
X-ray technology is used throughout the medical world for a multitude of purposes
Conventional X-ray images can be very useful to healthcare providers in evaluating
symptoms that originate inside the body as well as diagnosing injuries. Among the most
common uses of conventional X-ray are:


Identifying fractures (cracks) and breaks or infections in bones and teeth1



Diagnosing cavities and evaluating structures in the mouth and jaw



Picking up on signs of joint changes that indicate arthritis using a special type of Xray image called an arthrogram



Revealing tumors on bones



Measuring bone density as a means of diagnosing osteoporosis



Finding evidence of pneumonia, tuberculosis, or lung cancer (chest X-rays)



Examining breast tissue for signs of cancer using a special X-ray technique
called mammography1



Looking for signs of heart failure or changes in blood flow to the lungs and heart



Revealing problems in the digestive tract such as kidney stones, sometimes using a
contrast medium called barium



Locating swallowed items such as a coin or tiny toy

This technology is also used to support other types of diagnostic procedures: 2


Fluoroscopy: For this imaging technique, an X-ray image is displayed on a monitor
in real time. This makes it possible to follow the progression of a procedure (such as
the placement of a stent) or the movement of a contrast agent as it passes through the
body.
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Computed tomography (CT): This technique takes a series of individual images
called “slices” of internal organs and tissues that are combined to allow for threedimensional visualization.

Risks and Contraindications
Having an X-ray doesn't hurt and isn't particularly dangerous, but there are few things to be
aware of and to discuss with your healthcare provider.
Radiation Exposure
Having frequent X-rays can carry a very low risk of developing cancer later in life. This is
because the radiation has enough energy to potentially damage DNA.
There are varying estimates as to how significant this risk is. What is known is that
fluoroscopy and computed tomography both expose the body to more radiation than a single
conventional X-ray. The U.S. Food and Drug Administration (FDA) says that the risk of
cancer from exposure to X-rays depends on:2


Dose: The more times a person is exposed to radiation from medical imaging
throughout their life and the larger the dose, the greater the risk of developing cancer.



Age: The lifetime risk of cancer is larger for someone who's exposed to radiation at a
younger age than for a person who has X-rays when older.



Sex: Women are at a somewhat higher lifetime risk than men for developing
radiation-associated cancer after receiving the same exposures at the same ages.



Area of the body: Some organs are more sensitive to radiation than are others.

It is important to weigh the risks and benefits of having an X-ray, CT scan, or fluoroscopy
with your healthcare provider. Ask if the imaging study will make an impact on your care. If
not, it may be advisable to skip the test. However, if a diagnosis or potential changes in your
treatment are likely to depend on the results of the X-ray, then it will most likely be worth the
small risk.

90

COMPUTER TOMOGRAPHY
The term “computed tomography”, or CT, refers to a computerized x-ray imaging
procedure in which a narrow beam of x-rays is aimed at a patient and quickly rotated around
the body, producing signals that are processed by the machine’s computer to generate crosssectional images—or “slices”—of the body. These slices are called tomographic images and
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contain more detailed information than conventional x-rays. Once a number of successive
slices are collected by the machine’s computer, they can be digitally “stacked” together to
form a three-dimensional image of the patient that allows for easier identification and
location of basic structures as well as possible tumors or abnormalities.

Unlike a conventional x-ray—which uses a fixed x-ray tube—a CT scanner uses a motorized
x-ray source that rotates around the circular opening of a donut-shaped structure called a
gantry. During a CT scan, the patient lies on a bed that slowly moves through the gantry
while the x-ray tube rotates around the patient, shooting narrow beams of x-rays through the
body. Instead of film, CT scanners use special digital x-ray detectors, which are located
directly opposite the x-ray source. As the x-rays leave the patient, they are picked up by the
detectors and transmitted to a computer.

Each time the x-ray source completes one full rotation, the CT computer uses sophisticated
mathematical techniques to construct a 2D image slice of the patient. The thickness of the
tissue represented in each image slice can vary depending on the CT machine used, but
usually ranges from 1-10 millimeters. When a full slice is completed, the image is stored and
the motorized bed is moved forward incrementally into the gantry. The x-ray scanning
process is then repeated to produce another image slice. This process continues until the
desired number of slices is collected.

Image slices can either be displayed individually or stacked together by the computer to
generate a 3D image of the patient that shows the skeleton, organs, and tissues as well as any
abnormalities the physician is trying to identify. This method has many advantages including
the ability to rotate the 3D image in space or to view slices in succession, making it easier to
find the exact place where a problem may be located.
CT scans can be used to identify disease or injury within various regions of the body. For
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example, CT has become a useful screening tool for detecting possible tumors or lesions
within the abdomen. A CT scan of the heart may be ordered when various types of heart
disease or abnormalities are suspected. CT can also be used to image the head in order to
locate injuries, tumors, clots leading to stroke, hemorrhage, and other conditions. It can image
the lungs in order to reveal the presence of tumors, pulmonary embolisms (blood clots),
excess fluid, and other conditions such as emphysema or pneumonia. A CT scan is
particularly useful when imaging complex bone fractures, severely eroded joints, or bone
tumors since it usually produces more detail than would be possible with a conventional xray.

As with all x-rays, dense structures within the body—such as bone—are easily imaged,
whereas soft tissues vary in their ability to stop x-rays and, thus, may be faint or difficult to
see. For this reason, intravenous (IV) contrast agents have been developed that are highly
visible in an x-ray or CT scan and are safe to use in patients. Contrast agents contain
substances that are better at stopping x-rays and, thus, are more visible on an x-ray image.
For example, to examine the circulatory system, a contrast agent based on iodine is injected
into the bloodstream to help illuminate blood vessels. This type of test is used to look for
possible obstructions in blood vessels, including those in the heart. Oral contrast agents, such
as barium-based compounds, are used for imaging the digestive system, including the
esophagus, stomach, and GI tract.

CT scans can diagnose possibly life-threatening conditions such as hemorrhage, blood clots,
or cancer. An early diagnosis of these conditions could potentially be life-saving. However,
CT scans use x-rays, and all x-rays produce ionizing radiation. Ionizing radiation has the
potential to cause biological effects in living tissue. This is a risk that increases with the
number of exposures added up over the life of an individual. However, the risk of developing
cancer from radiation exposure is generally small. A CT scan in a pregnant woman poses no
known risks to the baby if the area of the body being imaged isn’t the abdomen or pelvis. In
general, if imaging of the abdomen and pelvis is needed, doctors prefer to use exams that do
not use radiation, such as MRI or ultrasound. However, if neither of those can provide the
answers needed, or there is an emergency or other time constraint, CT may be an acceptable
alternative imaging option.
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In some patients, contrast agents may cause allergic reactions, or in rare cases, temporary
kidney failure. IV contrast agents should not be administered to patients with abnormal
kidney function since they may induce a further reduction of kidney function, which may
sometimes become permanent. Children are more sensitive to ionizing radiation and have a
longer life expectancy and, thus, a higher relative risk for developing cancer than adults.
Parents may want to ask the technologist or doctor if their machine settings have been
adjusted for children.

MAGNETIC RESONANCE IMAGING SYSTEM

Magnetic Resonance Imaging (MRI) is a non-invasive imaging technology that produces
three dimensional detailed anatomical images. It is often used for disease detection,
diagnosis, and treatment monitoring. It is based on sophisticated technology that excites and
detects the change in the direction of the rotational axis of protons found in the water that
makes up living tissues.
MRIs employ powerful magnets which produce a strong magnetic field that forces protons in
the body to align with that field. When a radiofrequency current is then pulsed through the
patient, the protons are stimulated, and spin out of equilibrium, straining against the pull of
the magnetic field. When the radiofrequency field is turned off, the MRI sensors are able to
detect the energy released as the protons realign with the magnetic field. The time it takes for
the protons to realign with the magnetic field, as well as the amount of energy released,
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changes depending on the environment and the chemical nature of the molecules. Physicians
are able to tell the difference between various types of tissues based on these magnetic
properties.

To obtain an MRI image, a patient is placed inside a large magnet and must remain very still
during the imaging process in order not to blur the image. Contrast agents (often containing
the element Gadolinium) may be given to a patient intravenously before or during the MRI to
increase the speed at which protons realign with the magnetic field. The faster the protons
realign, the brighter the image.

MRI scanners are particularly well suited to image the non-bony parts or soft tissues of the
body. They differ from computed tomography (CT), in that they do not use the
damaging ionizing radiation of x-rays. The brain, spinal cord and nerves, as well as muscles,
ligaments, and tendons are seen much more clearly with MRI than with regular x-rays and
CT; for this reason MRI is often used to image knee and shoulder injuries.
In the brain, MRI can differentiate between white matter and grey matter and can also be
used to diagnose aneurysms and tumors. Because MRI does not use x-rays or other radiation,
it is the imaging modality of choice when frequent imaging is required for diagnosis or
therapy, especially in the brain. However, MRI is more expensive than x-ray imaging or CT
scanning.
One kind of specialized MRI is functional Magnetic Resonance Imaging (fMRI.) This is used
to observe brain structures and determine which areas of the brain “activate” (consume more
oxygen) during various cognitive tasks. It is used to advance the understanding of brain
organization and offers a potential new standard for assessing neurological status and
neurosurgical risk.
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ULTRASONOGRAPHY

Ultrasonography uses high-frequency sound (ultrasound) waves to produce images of
internal organs and other tissues. A device called a transducer converts electrical current
into sound waves, which are sent into the body’s tissues. Sound waves bounce off
structures in the body and are reflected back to the transducer, which converts the waves
into electrical signals. A computer converts the pattern of electrical signals into an image,
which is displayed on a monitor and recorded as a digital computer image. No x-rays are
used, so there is no radiation exposure during an ultrasonography.

If certain parts of the abdomen are being examined, people may be asked to refrain from
eating and drinking for several hours before the test. For examination of female
reproductive organs, women may be asked to drink a large amount of fluid to fill their
bladder.
Usually, the examiner places thick gel on the skin over the area to be examined to ensure
good sound transmission. A handheld transducer is placed on the skin and moved over the
area to be evaluated.
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To evaluate some body parts, the examiner inserts the transducer into the body—for
example, into the vagina to better image the uterus and ovaries or into the anus to image the
prostate gland.
The examiner sometimes attaches the transducer to a viewing tube called an endoscope and
passes it into the body. This procedure is called endoscopic ultrasonography. The
endoscope can be passed down the throat to view the heart (transesophageal
echocardiography) or through the stomach to view the liver and other nearby organs.
After the test, most people can resume their usual activities immediately.
Ultrasound images are acquired rapidly enough to show the motion of organs and structures
in the body in real time (as in a movie). For example, the motion of the beating heart can be
seen, even in a fetus.
Ultrasonography is effectively used to check for growths and foreign objects that are close
to the body’s surface, such as those in the thyroid gland, breasts, testes, and limbs, as well
as some lymph nodes.
Ultrasonography is effectively used to image internal organs in the abdomen, pelvis, and
chest. However, because sound waves are blocked by gas (for example, in the lungs or
intestine) and by bone, ultrasonography of internal organs requires special skills. People
who have been specifically trained to do ultrasound examinations are called sonographers.
Ultrasonography is commonly used to evaluate the following:


Heart: For example, to detect abnormalities in the way the heart beats,
structural abnormalities such as defective heart valves, and abnormal
enlargement of the heart’s chambers or walls (ultrasonography of the heart is
called echocardiography)



Blood vessels: For example, to detect dilated and narrowed blood vessels



Gallbladder and biliary tract: For example, to detect gallstones and blockages
in the bile ducts



Liver, spleen, and pancreas: For example, to detect tumors and other disorders



Urinary tract: For example, to distinguish benign cysts from solid masses
(which may be cancer) in the kidneys or to detect blockages such as stones or
other structural abnormalities in the kidneys, ureters, or bladder
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Female reproductive organs: For example, to detect tumors and inflammation
in the ovaries, fallopian tubes, or uterus



Pregnancy: For example, to evaluate the growth and development of the fetus
and to detect abnormalities of the placenta (such as a misplaced placenta,
called placenta previa)

Ultrasonography can also be used to guide doctors when they remove a sample of tissue for
a biopsy. Ultrasonography can show the position of the biopsy instrument, as well as the
area to be biopsied (such as a mass). Thus, doctors can see where to insert the instrument
and can guide it directly to its target.
Variations of Ultrasonography
Ultrasound information can be displayed in several ways:


A-mode: As spikes on a graph (used to scan the eye)



B-mode: As a 2-dimensional anatomic images (used during pregnancy to
evaluate the developing fetus or to evaluate internal organs)



M-mode: As waves displayed continuously to show moving structures (used
to evaluate the fetus's heartbeat or to evaluate heart valve disorders)

B-mode ultrasonography is most commonly done.
Doppler ultrasonography
Doppler ultrasonography uses changes that occur in the frequency of sound waves when
they are reflected from a moving object (called the Doppler effect). In medical imaging, the
moving objects are red blood cells in the blood. Thus, Doppler ultrasonography can be used
to evaluate


Whether blood is flowing through blood vessels



How fast it flows



Which direction it flows in

Doppler ultrasonography is used


To evaluate how well the heart is functioning (as part of echocardiography)
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To detect blocked blood vessels, especially in leg veins, as in deep vein
thrombosis, when veins are blocked by a blood clot



To detect narrowed arteries, especially the carotid arteries in the neck, which
carry blood to the brain

Spectral Doppler ultrasonography
This procedure shows blood flow information as a graph. It can be used to assess how much
of a blood vessel is blocked.
Duplex Doppler ultrasonography
This procedure combines spectral and B-mode ultrasonography.
Color Doppler ultrasonography
For this test, color is superimposed on the shades-of-gray image of blood flow produced by
Doppler ultrasonography. The color indicates direction of blood flow. Red may be used to
indicate flow toward the transducer, and blue may be used to indicate flow away from the
transducer. The brightness of the color indicates how fast the blood is flowing.
Color Doppler ultrasonography can help assess the risk of stroke because it helps doctors
identify and evaluate narrowing or blockage of arteries in the neck and head. The procedure
is useful for evaluating people who have had a transient ischemic attack or stroke and
people who have risk factors for atherosclerosis but no symptoms. Color Doppler
ultrasonography is also used to assess blood flow to internal organs and tumors.

Disadvantages of Ultrasonography
Insertion of the transducer into the body may cause some discomfort. Rarely, when a
transducer is inserted, tissue is damaged, causing bleeding or infection.
Bone or gas can block ultrasonography. Thus, using it to obtain images of certain structures
(those behind bone or gas) is difficult.
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ENDOSCOPY

An endoscopy is a procedure used in medicine to look inside the body. The endoscopy
procedure uses an endoscope to examine the interior of a hollow organ or cavity of the body.
Unlike many other medical imaging techniques, endoscopes are inserted directly into the
organ.
There are many types of endoscopies. Depending on the site in the body and type of
procedure, an endoscopy may be performed by either a doctor or a surgeon. A patient may be
fully conscious or anaesthetised during the procedure. Most often, the term endoscopy is used
to refer to an examination of the upper part of the gastrointestinal tract, known as
an esophagogastroduodenoscopy.
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Operation part of the endoscope

Insertion tip of endoscope
Endoscopy

may

be

used

to

investigate

system including nausea, vomiting, abdominal

symptoms

in

pain, difficulty

the digestive
swallowing,

and gastrointestinal bleeding. It is also used in diagnosis, most commonly by performing a
biopsy to check for conditions such as anemia, bleeding, inflammation, and cancers of the
digestive system. The procedure may also be used for treatment such as cauterization of a
bleeding vessel, widening a narrow esophagus, clipping off a polyp or removing a foreign
object.
Specialty professional organizations that specialize in digestive problems advise that many
patients with Barrett's esophagus receive endoscopies too frequently. Such societies
recommend that patients with Barrett's esophagus and no cancer symptoms after two biopsies
receive biopsies as indicated and no more often than the recommended rate.
Applications
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An anoscope, a proctoscope, and a rectoscope with approximate lengths

Endoscopy surgery
Health care providers can use endoscopy to review any of the following body parts:


The gastrointestinal tract (GI tract):

o

Esophageal Bougie Dilator
oesophagus, stomach and duodenum (esophagogastroduodenoscopy)
o small intestine (enteroscopy)
o large intestine/colon (colonoscopy, sigmoidoscopy)
o Magnification endoscopy
o bile duct

endoscopic

retrograde

cholangiopancreatography (ERCP),

cholangiopancreatoscopy, intraoperative cholangioscopy

duodenoscope-assisted
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o rectum (rectoscopy) and anus (anoscopy), both also referred to as

(proctoscopy)


The respiratory tract
o The nose (rhinoscopy)
o The upper respiratory tract (laryngoscopy)
o The lower respiratory tract (bronchoscopy)



The ear (otoscope)



The urinary tract (cystoscopy)



The female reproductive system (gynoscopy)
o The cervix (colposcopy)
o The uterus (hysteroscopy)
o The fallopian tubes (falloposcopy)



Normally closed body cavities (through a small incision):
o The abdominal or pelvic cavity (laparoscopy)
o The interior of a joint (arthroscopy)
o Organs of the chest (thoracoscopy and mediastinoscopy)

Endoscopy is used for many procedures:


During pregnancy
o The amnion (amnioscopy)
o The fetus (fetoscopy)



Plastic surgery



Panendoscopy (or triple endoscopy)
o Combines laryngoscopy, esophagoscopy, and bronchoscopy



Orthopedic surgery
o Hand surgery, such as endoscopic carpal tunnel release
o Knee surgery, such as anterior cruciate ligament reconstruction
o Epidural space (Epiduroscopy)
o Bursae (Bursectomy)



Endodontic surgery
o Maxillary sinus surgery
o Apicoectomy
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Endoscopic endonasal surgery



Endoscopic spinal surgery

An Endoscopy is a simple procedure that allows a doctor to look inside human bodies using
an instrument called an endoscope. A cutting tool can be attached to the end of the
endoscope, and the apparatus can then be used to perform minor procedures such as tissue
biopsies, banding of oesophageal varices or removal of polyps.
Application in other fields


For non-medical use, such as internal inspection of complex technical
systems, borescopes are used. These are similar to endoscopes.



The planning and architectural community use architectural endoscopy for previsualization of scale models of proposed buildings and cities



Endoscopes are also a tool helpful in the examination of improvised explosive
devices by bomb disposal personnel.



Law enforcement uses endoscopes for conducting surveillance via tight spaces.

DIFFERENT TYPES OF TELEMETRY SYSTEM
Telemetry is the in situ collection of measurements or other data at remote points and their
automatic transmission to receiving equipment (telecommunication) for monitoring. The
word is derived from the Greek roots tele, "remote", and metron, "measure". Systems that
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need

external

instructions

and

data

to

operate

require

the

counterpart

of

telemetry, telecommand.
Although the term commonly refers to wireless data transfer mechanisms (e.g., using radio,
ultrasonic, or infrared systems), it also encompasses data transferred over other media such as
a telephone or computer network, optical link or other wired communications like power line
carriers. Many modern telemetry systems take advantage of the low cost and ubiquity
of GSM networks by using SMS to receive and transmit telemetry data.
A telemeter is a physical device used in telemetry. It consists of a sensor, a transmission path,
and a display, recording, or control device. Electronic devices are widely used in telemetry
and can be wireless or hard-wired, analog or digital. Other technologies are also possible,
such as mechanical, hydraulic and optical.
Telemetry may be commutated to allow the transmission of multiple data streams in a
fixed frame.
The term Biotelemetry refers to branch of telemetry in which biological parameters are
measured from a distance. The typical biological parameters include heart beats, blood
pressure, body temperature, blood sugar content, respiration, amount of blood, type of blood
etc.
There are many instances or applications in which it is necessary to monitor physiological
events from a distance. The typical applications of biotelemetry include monitoring of space
astronauts, patient monitoring from locations away from hospitals, Use of telephony lines for
transmission of ECG and other medical data, monitoring of animals which are not visible,
remote monitoring of heart beats with stethoscope and other external mechanism etc.
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The figure depicts block diagram of telemetry system. As shown transmitting side consists of
transducer or sensor, signal conditioner-1 and transmitter part. Let us understand these
modules. Transmit data passes through the transmission mediums such as copper wires, radio
link,

optical

fiber

link

etc.

Transducer : It converts physical variable (or electrical parameter such as variable
resistance, inductance or capacitance) into electrical quantity or signal (e.g. voltage or
current).
Signal conditioner-1 : It converts electrical output into electrical signal compatible with next
element

i.e.

transmitter

part.

Transmitter : This part makes signal compliant to be transmitted over transmission medium.
The typical functions performed by this module include modulation, amplification, signal
conversion, multiplexing etc. Multiplexing such as TDM and FDM is used to measure
multiple parameters from remote site.
The receiving side consists of receiver part, signal conditioner-2 and end device. Let us
understand

these

modules.

Receiver : It is used to retrieve information from the received signal from the medium.
Ampliiication, demodulation, signal conversion and demultiplexing (if used) at the
transmitting

end.

Signal conditioner-2 : It processes receiver output to make it suitable for the end device.
End device : Depending upon type of telemetry and its purpose, it may have analog or digital
indication, Digital storage, data processing and closed loop control.
Biotelemetry system consists of sensors to sense particular bio-parameters, battery, radio
transmitter and receiver and display unit.
There are various types of telemetry systems which are mainly categorized as analog
telemetry and digital telemetry. The telemetry systems include light telemetry, ultrasonic
telemetry, radio telemetry, telephonic telemetry, hydraulic telemetry, pneumatic telemetry,
electrical telemetry (current/voltage), pulse telemetry (analog/digital) and so on based on
their functions and mechanism.
Benefits or advantages of Biotelemetry
Following
➨The

are

the

biotelemetry

benefits
system

or advantages
is

simple

of
in

Biotelemetry:
architecture.
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➨It

does

not

require

physical

presence

of

doctors

near

the

patients.

➨It provides first aid to the patients by remote monitoring of bio-parameters in realtime.
➨It

saves

money

for

the

patients

by

avoiding

unnecessary

frequent

trips.

➨It saves time for the doctors as all the bio-parameters of patients are available online on
their mobile phones.
Drawbacks or disadvantages of Biotelemetry
Following
➨It

does

are
not

the
give

real

drawbacks
time

feelings

or disadvantages
to

the

of

patients

Biotelemetry:

and

doctors

both.

➨All the bio-parameters of the patients can not be monitored remotely due to complexity
involved

in

some

of

the

measurements.

➨The bio-parameter measurements is carried out one by one with multiple biotelemetry tools
or equipments. Hence it requires more time to complete all the measurements. This is often
cumbersome
➨The

facility

for
to

avail

patients
biotelemetry

and
based

doctors

equipments

is

both.
very

costly.

➨It requires training to use biotelemetry based equipments or tools.

LASER IN BIOMEDICINE
Lasers have long been used in medicine for surgery, with applications ranging from
cauterization of blood vessels to drilling holes through the heart. Now, though, laser-based
diagnostic devices are also proliferating in areas such as biomedical imaging and basic
biological research. Ultrafast lasers are credited with making many of these applications
possible.
Imaging for diagnostics
Perhaps the most spectacular advances are in the relatively new field of optical tomography,
which uses ultrashort laser pulses to detect abnormalities within the body, instead of relying
on potentially harmful ionizing radiation as other techniques do. The process works
efficiently because human tissue is translucent to long-wavelength visible and near-infrared
light, as is shown when a hand is held in front of a flashlight. Indeed, at a wavelength of 800
nm, tissue transmits one-third of the radiation over a distance of about 10 cm. Tissue appears
opaque because it scatters light strongly, with a scattering length of only about a millimeter.
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Because photons move through tissue in zigzag paths, in contrast to the straight-line routes
taken by x-rays, optical tomography involves the difficult task of reconstructing an image
from highly scattered photons. This is done with precision measurement of both the number
of photons arriving in each direction and their time of arrival. With support from complex
computer models that simulate how photons diffuse through an inhomogeneous medium, the
data from an optical tomograph can be processed to detect changes in tissue optical properties
that might, for example, indicate tumors.
One of the most ambitious optical tomography instruments to be developed is the
Multichannel

Opto-electronic

Near-Infrared

System

for

Time-Resolved

Image

Reconstruction, or MONSTIR. Developed at University College (London, England), the
device has diverse applications ranging from the scanning of human breast tissue to
measuring the heads of newborns . The instrument, which is contained in a 1.8 x 0.9-m-deep
rack, sends picosecond-long pulses of light from a Ti:sapphire laser through a series of
optical fibers, so that the point of illumination changes sequentially. The scattered light is
collected by 32 bundles of optical fibers that feed into microchannel photomultiplier tubes.
By recording the time of flight of each photon, the instrument builds up 1024 plots of photon
path lengths, each representing the connection between a given point of illumination and a
detector. After processing with specific image algorithms, these data yield images of the
absorption and scattering patterns within the tissue. Currently, the device is still being tested
in the laboratory.
A second type of laser imaging technique now entering clinical use is laser speckle
flowimetry, which is used to detect changes in the blood flow within tissue. Here, laser light
is scattered by moving blood cells, and its frequency is slightly Doppler-shifted. Other light is
scattered from the static tissues with its frequency unchanged. When the two light waves
interfere, the resulting speckle pattern varies relative to the blood flow. Rapid blood flow
leads to a rapid variation in the speckle pattern, which can be measured by the detector.
Making florescence imaging easier
In biological research, an important trend in recent years has been the development of allsolid-state systems that bring high-performance lasers within reach of smaller research
laboratories (see "Nanosensor makes bad cells quiver," below). One example of this is
fluorescence lifetime imaging (FLIM). With this technique, short laser pulses in the
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femtosecond to picosecond range are used to excite fluorescence signals in biological tissues.
The decay time of the return signal is measured, allowing the mapping of many biologically
important substances such as oxygen and calcium.

Researchers at the Imperial College of Science Technology and Medicine (London, England)
have developed a system for FLIM that is entirely solid-state, inexpensive, and portable. The
operator does not have to be a laser specialist. The system generates 45-ps, 1-µJ pulses with a
5-kHz repetition rate at 860 nm.2 These pulses are then frequency-doubled to 430-nm pulses
at 22 nJ. A CCD camera records the return fluorescence signal, and the computer measures
the decay times for each pixel, fitting the decay curves as an exponential with fast and slow
components. Different types of tissue exhibit different decay rates, so changes in tissue in
response to medication can be easily mapped and measured.
Laser surgery, while the oldest application of lasers in medicine, is also expanding in scope.
One example is a new technique for relieving the pain of angina by laser-drilling holes in the
walls of a heart.3 In the technique, termed transmyocardial laser revascularization, a surgeon
uses a carbon dioxide laser to cut 15 to 30 1-mm-diameter holes through the wall of the heart.
The outside surface seals immediately, but the channel remains open to provide oxygen-rich
blood to previously deprived areas.
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In a study of 192 patients done by researchers at Rush-Presbyterian-St. Luke's Medical
Center (Chicago, IL), 72% of those treated improved significantly after a year (less angina
pain), compared with only 13% of people treated only with medication. The improvement
meant going from being bedridden with severe pain to moving about with little or no pain.
While angina surgery requires drilling relatively large holes, many other surgical applications
require extreme precision. This is especially true for brain surgery, in which the damage to
healthy cells must be minimized. Here, ultrafast pulses are useful because of their capability
to avoid thermal damage. Unlike longer pulses, which heat tissue by conveying kinetic
energy to atoms, ultrafast pulses deposit energy rapidly into the electrons, which disperse
before the ions have time to heat up. The ions then fly apart without heating surrounding
tissue.
In recent work at the Institute of Applied Physics, University of Heidelberg (Heidelberg,
Germany), and the Department of Stereotactic and Functional Neurosurgery, University of
Cologne (Cologne, Germany), researchers developed a computer-guided laser probe that
delivers ultrafast laser pulses to precise spots in the brain.The probe consists of three coaxial
tubes. The inner tube carries the laser beam to a focusing lens at its end. A second tube holds
an elliptical deflecting mirror that can be rotated and moved axially, and the third tube, with a
5.5-mm diameter, fixes the position of the probe within the brain.
The device delivers 30-ps pulses of 1-µm radiation from a Nd:YLF laser to a 50-µm focused
spot. Each pulse destroys less than one-thousandth of a cubic millimeter of tissue, allowing
extremely precise control of the surgical process. With a 1-kHz pulse-repetition rate, about 50
mm3 of material can be removed per minute. The entire process is under PC control and relies
on information from the surgeon related to the trajectory the probe will take and the region to
be ablated. A laser scanning microscope operating through the same probe detects tiny blood
vessels that are to be avoided. The system also can coagulate blood vessels that need to be
cut.
Given the relative newness of affordable ultrafast lasers, these applications are likely to be
only the beginning of a rapid expansion of new biotech laser uses.
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UNIT V
ASSISTING ANDTHERAPETIC DEVICES

CARDIAC PACEMAKERS
Heart pacemaker

A pacemaker is a small, battery-operated device. This device senses when your heart is
beating irregularly or too slowly. It sends a signal to your heart that makes your heart beat at
the correct pace.

Description
Newer pacemakers weigh as little as 1 ounce (28 grams). Most pacemakers have 2 parts:


The generator contains the battery and the information to control the heartbeat.



The leads are wires that connect the heart to the generator and carry the electrical
messages to the heart.

A pacemaker is implanted under the skin. This procedure takes about 1 hour in most cases.
You will be given a sedative to help you relax. You will be awake during the procedure.
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A small incision (cut) is made. Most often, the cut is on the left side (if you are right handed)
of the chest below your collarbone. The pacemaker generator is then placed under the skin at
this location. The generator may also be placed in the abdomen, but this is less common. A
new "leadless" pacemaker is a self-contained unit that is implanted in the right ventricle of
the heart.
Using live x-rays to see the area, the doctor puts the leads through the cut, into a vein, and
then into the heart. The leads are connected to the generator. The skin is closed with stitches.
Most people go home within 1 day of the procedure.
There are 2 kinds of pacemakers used only in medical emergencies. They are:


Transcutaneous pacemakers



Transvenous pacemakers

They are not permanent pacemakers.
Why the Procedure is Performed
Pacemakers may be used for people who have heart problems that cause their heart to beat
too slowly. A slow heartbeat is called bradycardia. Two common problems that cause a slow
heartbeat are sinus node disease and heart block.
When your heart beats too slowly, your body and brain may not get enough oxygen.
Symptoms may be


Lightheadedness



Tiredness



Fainting spells



Shortness of breath

Some pacemakers can be used to stop a heart rate that is too fast (tachycardia) or that is
irregular.
Other types of pacemakers can be used in severe heart failure. These are called biventricular
pacemakers. They help coordinate the beating of the heart chambers.
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Most biventricular pacemakers implanted today can also work as implantable cardioverter
defibrillators (ICD). ICD restore a normal heartbeat by delivering a larger shock when a
potentially deadly fast heart rhythm occurs.

Risks
Possible complications of pacemaker surgery are:


Abnormal heart rhythms



Bleeding



Punctured lung. This is rare.



Infection



Puncture of the heart, which can lead to bleeding around the heart. This is rare.

A pacemaker senses if the heartbeat is above a certain rate. When it is above that rate, the
pacemaker will stop sending signals to the heart. The pacemaker can also sense when the
heartbeat slows down too much. It will automatically start pacing the heart again.
DEFIBRILLATORS VENTILATORS
Defibrillation is

a

treatment

for

life-threatening cardiac

dysrhythmias,

specifically ventricular fibrillation (VF) and non-perfusing ventricular tachycardia (VT). A
defibrillator delivers a dose of electric current (often called a counter-shock) to the heart.
Although not fully understood, this process depolarizes a large amount of the heart muscle,
ending the dysrhythmia. Subsequently, the body's natural pacemaker in the sinoatrial node of
the heart is able to re-establish normal sinus rhythm. A heart which is in asystole (flatline)
cannot be restarted by a defibrillator, but would be treated by cardiopulmonary
resuscitation (CPR).
In contrast to defibrillation, synchronized electrical cardioversion is an electrical shock
delivered in synchrony to the cardiac cycle. Although the person may still be critically ill,
cardioversion normally aims to end poorly perfusing cardiac dysrhythmias, such
as supraventricular tachycardia.
Defibrillators can be external, transvenous, or implanted (implantable cardioverterdefibrillator), depending on the type of device used or needed. Some external units, known
as automated external defibrillators (AEDs), automate the diagnosis of treatable rhythms,
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meaning that lay responders or bystanders are able to use them successfully with little or no
training.
Use of defibrillators
Indications
Defibrillation is often an important step in cardiopulmonary resuscitation (CPR). CPR is an
algorithm-based

intervention

aimed

to

restore

cardiac

and

pulmonary

function.[6] Defibrillation is indicated only in certain types of cardiac dysrhythmias,
specifically ventricular fibrillation (VF) and pulseless ventricular tachycardia. If the heart has
completely stopped, as in asystole or pulseless electrical activity (PEA), defibrillation is not
indicated. Defibrillation is also not indicated if the patient is conscious or has a pulse.
Improperly given electrical shocks can cause dangerous dysrhythmias, such as ventricular
fibrillation.
Application method
The defibrillation device that is usually available out of the medical centres is the automated
external defibrillator (AED), a portable machine that can be used even by users with no
previous training. That is possible because the machine produces pre-recorded voice
instructions that guide to the user, and automatically checks the victim's condition and applies
the correct electric shocks. Anyway, there also exist written instructions of defibrillators that
explain the procedure step-by-step.
Outcomes
Survival rates for out-of-hospital cardiac arrests are poor, often less than 10%. Outcome for
in-hospital cardiac arrests are higher at 20%. Within the group of people presenting with
cardiac arrest, the specific cardiac rhythm can significantly impact survival rates. Compared
to people presenting with a non-shockable rhythm (such as asystole or PEA), people with a
shockable rhythm (such as VF or pulseless ventricular tachycardia) have improved survival
rates, ranging between 21 and 50%.
Types
Manual models
Manual external defibrillators require the expertise of a healthcare professional. They are
used in conjunction with an electrocardiogram, which can be separate or built-in. A

115

healthcare provider first diagnoses the cardiac rhythm and then manually determine the
voltage and timing for the electrical shock. These units are primarily found in hospitals and
on some ambulances. For instance, every NHS ambulance in the United Kingdom is
equipped with a manual defibrillator for use by the attending paramedics and technicians. In
the United States, many advanced EMTs and all paramedics are trained to recognize lethal
arrhythmias and deliver appropriate electrical therapy with a manual defibrillator when
appropriate.
An internal defibrillator is often used to defibrillate the heart during or after cardiac surgery
such as a heart bypass. The electrodes consist of round metal plates that come in direct
contact with the myocardium. Manual internal defibrillators deliver the shock through
paddles placed directly on the heart. [1] They are mostly used in the operating room and, in
rare circumstances, in the emergency room during an open heart procedure.
Automated external defibrillators
Automated external defibrillators (AEDs) are designed for use by untrained or briefly trained
laypersons. AEDs contain technology for analysis of heart rhythms. As a result, it does not
require a trained health provider to determine whether or not a rhythm is shockable. By
making these units publicly available, AEDs have improved outcomes for sudden out-ofhospital cardiac arrests.
Trained health professionals have more limited use for AEDs than manual external
defibrillators. Recent studies show that AEDs does not improve outcome in patients with inhospital cardiac arrests. AEDs have set voltages and does not allow the operator to vary
voltage according to need. AEDs may also delay delivery of effective CPR. For diagnosis of
rhythm, AEDs often require the stopping of chest compressions and rescue breathing. For
these reasons, certain bodies, such as the European Resuscitation Council, recommend using
manual external defibrillators over AEDs if manual external defibrillators are readily
available.
As early defibrillation can significantly improve VF outcomes, AEDs have become publicly
available in many easily accessible areas. AEDs have been incorporated into the algorithm
for basic life support (BLS). Many first responders, such as firefighters, policemen, and
security guards, are equipped with them.
AEDs can be fully automatic or semi-automatic. A semi-automatic AED automatically
diagnoses heart rhythms and determines if a shock is necessary. If a shock is advised, the user
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must then push a button to administer the shock. A fully automated AED automatically
diagnoses the heart rhythm and advises the user to stand back while the shock is
automatically given. Some types of AEDs come with advanced features, such as a manual
override or an ECG display.
Cardioverter-defibrillators
Implantable cardioverter-defibrillators, also known as automatic internal cardiac defibrillator
(AICD), are implants similar to pacemakers (and many can also perform the pacemaking
function). They constantly monitor the patient's heart rhythm, and automatically administer
shocks for various life-threatening arrhythmias, according to the device's programming.
Many

modern

devices

can

distinguish

between ventricular

fibrillation, ventricular

tachycardia, and more benign arrhythmias like supraventricular tachycardia and atrial
fibrillation. Some devices may attempt overdrive pacing prior to synchronised cardioversion.
When the life-threatening arrhythmia is ventricular fibrillation, the device is programmed to
proceed immediately to an unsynchronized shock.
There are cases where the patient's ICD may fire constantly or inappropriately. This is
considered a medical emergency, as it depletes the device's battery life, causes significant
discomfort and anxiety to the patient, and in some cases may actually trigger life-threatening
arrhythmias. Some emergency medical services personnel are now equipped with a
ring magnet to place over the device, which effectively disables the shock function of the
device while still allowing the pacemaker to function (if the device is so equipped). If the
device is shocking frequently, but appropriately, EMS personnel may administer sedation.
A wearable cardioverter defibrillator is a portable external defibrillator that can be worn by
at-risk patients.[20] The unit monitors the patient 24 hours a day and can automatically deliver
a biphasic shock if VF or VT is detected. This device is mainly indicated in patients who are
not immediate candidates for ICDs.
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MUSCLE STIMULATORS
Electrical

muscle

stimulation (NMES)

stimulation (EMS),

also

or electromyostimulation,

known
is

as neuromuscular

electrical

the

of muscle

elicitation

contraction using electric impulses. EMS has received an increasing amount of attention in
the last few years for many reasons: it can be utilized as a strength training tool for healthy
subjects and athletes; it could be used as a rehabilitation and preventive tool for people who
are partially or totally immobilized; it could be utilized as a testing tool for evaluating the
neural and/or muscular function in vivo; it could be used as a post-exercise recovery tool for
athletes. The impulses are generated by a device and are delivered through electrodes on the
skin near to the muscles being stimulated. The electrodes are generally pads that adhere to the
skin. The impulses mimic the action potential that comes from the central nervous system,
causing the muscles to contract. The use of EMS has been cited by sports scientists as a
complementary technique for sports training, and published research is available on the
results obtained. In the United States, EMS devices are regulated by the U.S. Food and Drug
Administration (FDA).
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Uses

Athlete recovering with four-channel, electrical muscle stimulation machine attached
through self-adhesive pads to her hamstrings
Electrical muscle stimulation can be used as a training, therapeutic, or cosmetic tool.
Physical rehabilitation
In medicine, EMS is used for rehabilitation purposes, for instance in physical therapy in the
prevention muscle atrophy due to inactivity or neuromuscular imbalance, which can occur for
example

after musculoskeletal

to bones, joints, muscles, ligaments and tendons).

This

injuries (damage
is

distinct

from transcutaneous

electrical nerve stimulation (TENS), in which an electric current is used for pain therapy. In
the case of TENS, the current is usually sub-threshold, meaning that a muscle contraction is
not observed.
For people who have progressive diseases such as cancer or chronic obstructive pulmonary
disease, EMS is used to improve muscle weakness for those unable or unwilling to undertake
whole-body exercise. EMS may lead to statistically significant improvement in quadriceps
muscle strength, however, further research is needed as this evidence is graded as low
certainity. The same study also indicates that EMS may lead to increased muscle
mass.[12] Low certainity evidence indicates that adding EMS to an existing exercise
programme may help people who are unwell spend fewer days confined to their beds.
During EMS training, a set of complementary muscle groups (e.g., biceps and triceps) are
often targeted in alternating fashion, for specific training goals, such as improving the ability
to reach for an item.
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Weight loss
The FDA rejects certification of devices that claim weight reduction. EMS devices cause a
calorie burning that is marginal at best: calories are burnt in significant amount only when
most of the body is involved in physical exercise: several muscles, the heart and the
respiratory system are all engaged at once. However, some authors imply that EMS can lead
to exercise, since people toning their muscles with electrical stimulation are more likely
afterwards to participate in sporting activities as the body becomes ready, fit, willing and able
to take on physical activity.
Effects
"Strength training by NMES does promote neural and muscular adaptations that are
complementary to the well-known effects of voluntary resistance training". This statement is
part of the editorial summary of a 2010 world congress of researchers on the subject.
Additional studies on practical applications, which came after that congress, pointed out
important factors that make the difference between effective and ineffective EMS. This in
retrospect explains why in the past some researchers and practitioners obtained results that
others could not reproduce. Also, as published by reputable universities, EMS causes
adaptation, i.e. training, of muscle fibers. Because of the characteristics of skeletal
muscle fibers, different types of fibers can be activated to differing degrees by different types
of EMS, and the modifications induced depend on the pattern of EMS activity. These
patterns, referred to as protocols or programs, will cause a different response from
contraction of different fiber types. Some programs will improve fatigue resistance, i.e.
endurance, others will increase force production.

DIATHERMY
Diathermy is electrically induced heat or the use of high-frequency electromagnetic currents
as a form of physical therapy and in surgical procedures. The earliest observations on the
reactions of high-frequency electromagnetic currents upon the human organism were made
by Jacques Arsene d'Arsonval. The field was pioneered in 1907 by German physician Karl
Franz Nagelschmidt, who coined the term diathermy from the Greek words dia and
θέρμη therma, literally meaning "heating through" (adj., diather´mal, diather´mic).
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Diathermy is commonly used for muscle relaxation, and to induce deep heating in tissue for
therapeutic purposes in medicine. It is used in physical therapy to deliver moderate heat
directly to pathologic lesions in the deeper tissues of the body.
Diathermy is produced by three techniques: ultrasound (ultrasonic diathermy), short-wave
radio frequencies in the range 1–100 MHz (shortwave diathermy) or microwaves typically in
the 915 MHz or 2.45 GHz bands (microwave diathermy), the methods differing mainly in
their penetration capability. It exerts physical effects and elicits a spectrum of physiological
responses.
The

same

techniques

destroy neoplasms (cancer

are

also

and

used

tumors),

to

create

warts,

higher
and

tissue

infected

temperatures to
tissues;

this

is

called hyperthermia treatment. In surgery diathermy is used to cauterize blood vessels to
prevent excessive bleeding. The technique is particularly valuable in neurosurgery and
surgery of the eye.
The idea that high-frequency electromagnetic currents could have therapeutic effects was
explored independently around the same time (1890–1891) by French physician and
biophysicist Jacques Arsene d'Arsonval and Serbian American engineer Nikola Tesla.
d'Arsonval had been studying medical applications for electricity in the 1880s and performed
the first systematic studies in 1890 of the effect of alternating current on the body, and
discovered that frequencies above 10 kHz did not cause the physiological reaction of electric
shock, but warming. He also developed the three methods that have been used to apply highfrequency current to the body: contact electrodes, capacitive plates, and inductive
coils. Nikola Tesla first noted around 1891 the ability of high-frequency currents to produce
heat in the body and suggested its use in medicine.
By 1900 application of high-frequency current to the body was used experimentally to treat a
wide variety of medical conditions in the new medical field of electrotherapy. In 1899
Austrian chemist von Zaynek determined the rate of heat production in tissue as a function of
frequency and current density, and first proposed using high-frequency currents for deep
heating therapy. In 1908 German physician Karl Franz Nagelschmidt coined the
term diathermy, and performed the first extensive experiments on patients. Nagelschmidt is
considered the founder of the field. He wrote the first textbook on diathermy in 1913, which
revolutionized the field.
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Until the 1920s noisy spark-discharge Tesla coil and Oudin coil machines were used. These
were limited to frequencies of 0.1 - 2 MHz, called "longwave" diathermy. The current was
applied directly to the body with contact electrodes, which could cause skin burns. In the
1920s the development of vacuum tube machines allowed frequencies to be increased to 10 300 MHz, called "shortwave" diathermy. The energy was applied to the body with inductive
coils of wire or capacitive plates insulated from the body, which reduced the risk of burns. By
the 1940s microwaves were being used experimentally.
Uses

Shortwave diathermy machine, 1933
Physical therapy
The three forms of diathermy employed by physical therapists are ultrasound, short
wave and microwave. The application of moderate heat by diathermy increases blood flow
and speeds up metabolism and the rate of ion diffusion across cellular membranes. The
fibrous tissues in tendons, joint capsules, and scars are more easily stretched when subjected
to heat, thus facilitating the relief of stiffness of joints and promoting relaxation of the
muscles and decrease of muscle spasms.
Ultrasound
Ultrasound diathermy employs high-frequency acoustic vibrations which, when propelled
through the tissues, are converted into heat. This type of diathermy is especially useful in the
delivery of heat to selected musculatures and structures because there is a difference in the
sensitivity of various fibers to the acoustic vibrations; some are more absorptive and some are

122

more reflective. For example, in subcutaneous fat, relatively little energy is converted into
heat, but in muscle tissues there is a much higher rate of conversion to heat.
The therapeutic ultrasound apparatus generates a high-frequency alternating current, which is
then converted into acoustic vibrations. The apparatus is moved slowly across the surface of
the part being treated. Ultrasound is a very effective agent for the application of heat, but it
should be used only by a therapist who is fully aware of its potential hazards and the
contraindications for its use.
Surgery
Surgical diathermy is usually better known as "electrosurgery". (It is also referred to
occasionally as "electrocautery", but see disambiguation below.) Electrosurgery and surgical
diathermy involve the use of high-frequency A.C. electric current in surgery as either a
cutting modality, or else to cauterize small blood vessels to stop bleeding. This technique
induces localized tissue burning and damage, the zone of which is controlled by the
frequency and power of the device.
Some sources[8] insist that electrosurgery be applied to surgery accomplished by highfrequency alternating current (AC) cutting, and that "electrocautery" be used only for the
practice of cauterization with heated nichrome wires powered by direct current (DC), as in
the handheld battery-operated portable cautery tools.
Types
Diathermy used in surgery is of typically two types.


Monopolar, where electric current passes from one electrode near the tissue to be
treated to other fixed electrode (indifferent electrode) elsewhere in the body.
Usually this type of electrode is placed in contact with buttocks or around the leg.



Bipolar, where both electrodes are mounted on same pen-like device and electric
current passes only through the tissue being treated. Advantage of bipolar
electrosurgery is that it prevents the flow of current through other tissues of the
body and focuses only on the tissue in contact. This is useful in microsurgery and
in patients with a cardiac pacemaker.
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Diathermy risks
Burns from electrocautery generally arise from a faulty grounding pad or from an outbreak of
a fire. Monopolar electrocautery works because radio frequency energy is concentrated by the
surgical instrument's small surface area. The electrical circuit is completed by passing current
through the patient's body to a conductive pad that is connected to the radio frequency
generator. Because the pad's surface area is large relative to the instrument's tip, energy
density across the pad is reliably low enough that no tissue injury occurs at the pad
site. Electrical shocks and burns are possible, however, if the circuit is interrupted or energy
is concentrated in some way. This can happen if the pad surface in contact is small, e.g. if the
pad's electrolytic gel is dry, if the pad becomes disconnected from the radio frequency
generator, or via a metal implant. Modern electrocautery systems are equipped with sensors
to detect high resistance in the circuit that can prevent some injuries.
As with all forms of heat applications, care must be taken to avoid burns during diathermy
treatments, especially in patients with decreased sensitivity to heat and cold. With
electrocautery there have been reported cases of flash fires in the operating theatre related to
heat generation meeting chemical flash points, especially in the presence of increased oxygen
concentrations associated with anaesthetic.
Concerns have also been raised regarding the toxicity of surgical smoke produced by
electrocautery. This has been shown to contain chemicals which may cause harm to patients,
surgeons and/or operating theatre staff. [14]
For patients that have a surgically implanted Spinal Cord Stimulator (SCS) system, diathermy
can cause tissue damage through energy that is transferred into the implanted SCS
components resulting in severe injury or death. [15]
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INTRODUCTION TO ARTIFICIAL KIDNEY ARTIFICIAL HEART
Artificial kidney is often a synonym for hemodialysis, but may also, refer to renal
replacement therapies (with exclusion of kidney transplantation) that are in use and/or in
development. This article deals with bioengineered kidneys/bioartificial kidneys that are
grown from renal cell lines/renal tissue.
The first successful artificial kidney was developed by Willem Kolff in the Netherlands
during the early 1940s. Kolff was the first to construct a working dialyzer in 1943.
Medical uses
Kidney failure
Kidneys are paired vital organs located behind the abdominal cavity at the bottom of the
ribcage corresponding to the levels T12-L3 of the spine vertebrae. They perform about a
dozen physiologic functions and are fairly easily damaged. Some of these functions include
filtration and excretion of metabolic waste products, regulation of necessary electrolytes and
fluids and stimulation of red blood cell-production. These organs routinely filter about 100 to
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140 liters of blood a day to produce 1 to 2 liters of urine, composed of wastes and excess
fluid.
Kidney failure results in the slow accumulation of nitrogenous wastes, salts, water, and
disruption of the body's normal pH balance. This failure typically occurs over a long period
of time, and when the patient's renal function declines enough over the course of the disease,
is commonly known as end stage renal disease (ESRD; which is also known as Level 5 or 6
kidney disease, depending on whether dialysis or renal replacement therapy is used).
Detecting kidney disease before the kidneys start to shut down is uncommon, with high blood
pressure and decreased appetite being symptoms that indicate a problem. Diabetes and high
blood pressure are seen as the 2 most common causes of kidney failure. Experts predict that
the demand for dialysis will increase as the prevalence of diabetes increases. Until the Second
World War, kidney failure generally meant death for the patient. Several insights into kidney
function and acute kidney failure were made during the war.
One in three American adults are at a risk for developing kidney disease. Over 26 million
American adults have kidney disease and most are not aware of it. More than 661,000 of
them have kidney failure and 468,000 are on dialysis. The large population of individuals
with kidney failure drives continuing advancements in the technology of artificial kidneys so
that more people can have access to treatments.
Home hemodialysis has become rare because of its disadvantages. It is expensive, time
consuming and space inefficient. In 1980, 9.7% of the dialysis population was on home
hemodialysis but by 1987 the proportion had dropped to 3.6%.
According to a 2011 report by the Organization for Economic Cooperation and Development,
the United States of America has the second-highest rate of dialysis among advanced
countries after Japan. The United States has the highest mortality rate among patients with
ESRD. On average 20% of American ESRD patients die annually, which is more than twice
that of Japan. The growth of dialysis facilities in the United States is the result of more
Americans developing end-stage renal disease. From 2001 to 2011 the number increased by
about 49.7% from 411,000 citizens to 615,000 citizens. In 2001 there were only 296,000
Americans on some form of dialysis. Ten years later that number increased to more than
430,000 as a result of chronic conditions developing such as diabetes and hypertension.
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Artificial kidney
Hemodialysis is a method for removing waste products such as creatinine and urea, as well as
free water from the blood when the kidneys are in kidney failure. The mechanical device used
to clean the patients blood is called a dialyser, also known as an artificial kidney. Modern
dialysers typically consist of a cylindrical rigid casing enclosing hollow fibers cast or
extruded from a polymer or copolymer, which is usually a proprietary formulation. The
combined area of the hollow fibers is typically between 1-2 square meters. Intensive research
has been conducted by many groups to optimize blood and dialysate flows within the
dialyser, in order to achieve efficient transfer of wastes from blood to dialysate.

127

ARTIFICIAL HEART
Artificial heart, device that maintains blood circulation and oxygenation in the human
body for varying periods of time. The two main types of artificial hearts are the heart-lung
machine and the mechanical heart.
Heart-lung machine
The heart-lung machine is a mechanical pump that maintains a patient’s blood circulation and
oxygenation during heart surgery by diverting blood from the venous system, directing it
through tubing into an artificial lung (oxygenator), and returning it to the body.
The oxygenator removes carbon dioxide and adds oxygen to the blood that is pumped into
the arterial system. The blood pumped back into the patient’s arteries is sufficient to maintain
life at even the most distant parts of the body as well as in those organs with the greatest
requirements (e.g., brain, kidneys, and liver). To do this, up to 5 litres (1.3 gallons) or more
of blood must be pumped each minute. While the heart is relieved of its pumping duties, it
can be stopped, and the surgeon can perform open-heart surgery that may include valve repair
or replacement, repair of defects inside the heart, or revascularization of blocked arteries.

A heart-lung machine is connected to the heart by drainage tubes that divert blood from the
venous system, directing it to an oxygenator. The oxygenator removes carbon dioxide and
adds oxygen to the blood, which is then returned to the arterial system of the body.
The first successful clinical use of a heart-lung machine was reported by American
surgeon John H. Gibbon, Jr., in 1953. During this operation for the surgical closure of
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an atrial septal defect, cardiopulmonary bypass was achieved by a machine equipped with an
oxygenator developed by Gibbon and a roller pump developed in 1932 by American surgeon
Michael E. DeBakey. Since then, heart-lung machines have been greatly improved with
smaller and more-efficient oxygenators, allowing them to be used not only in adults but also
in children and even newborn infants.
Mechanical hearts
Mechanical hearts, which include total artificial hearts and ventricular assist devices (VADs),
are machines that are capable of replacing or assisting the pumping action of the heart for
prolonged periods without causing excessive damage to the blood components. Implantation
of a total artificial heart requires removal of both of the patient’s ventricles (lower chambers).
However, with the use of a VAD to support either the right or the left ventricle, the entire
heart remains in the body. Mechanical hearts are implanted only after maximal medical
management has failed. They may be used for cardiac resuscitation after cardiac arrest, for
recovery from cardiogenic shock after heart surgery, and in some patients with chronic heart
failure who are waiting for a heart transplant. Occasionally, mechanical hearts have been
used as a permanent support in patients who do not qualify for a heart transplant or as a
bridge to recovery of the patient’s own diseased heart. The goal is to provide a safe, effective
system that allows the recipient to move about freely, thus improving the quality of life.
Some recipients of VADs have lived several years and have returned to work and normal
physical activities.

ventricular assist device
Ventricular assist device (VAD), a type of artificial heart designed to assist one of the
ventricles (in this case the left) in pumping oxygenated blood through the aorta and to the
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body's tissues. The pump is placed inside the chest cavity, while the power source and system
controller are carried on a harness outside the body.
A left VAD pumps oxygenated blood from the left ventricle to the aorta. The pumping part of
the device is implanted in the left upper abdomen or left side of the chest. A tube from the
pump exits the skin and connects to a controller that regulates the function of the pump and to
a power source. Pneumatic devices have membranes or sacs that are moved by air pressure to
pump the blood, while electrical devices use electromechanical systems for power. Electrical
devices are being developed that are totally implantable and do not require a tube exiting the
skin; with these devices, power to the pump is transmitted between external and internal
batteries through the intact skin.

HeartMate Left Ventricular Assist System
HeartMate Left Ventricular Assist System (LVAS), a device used as a temporary bridge to
heart transplantation.
Most mechanical hearts incorporate various centrifugal pumps, paracorporeal pulsatile
pumps, cardiopulmonary bypass (CPB) pumps, and the intra-aortic balloon pump (IABP).
These pumps generate a pulsatile blood flow and pressure similar to those of the natural
heart. Smaller devices known as axial flow pumps, on the other hand, generate continuous
blood flow by a jet-engine type of technology. An experienced surgical team chooses the
particular device to be implanted by assessing the patient’s size, the amount of support the
heart requires, and the expected duration of support.
The first successful use of a mechanical heart in a human was performed by Michael E.
DeBakey in 1966. After surgery to replace the patient’s aorta and mitral valve, a left VAD
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was installed, making it possible to wean the patient from the heart-lung machine; after 10
days of pump flow from the VAD, the heart recovered, and the VAD was removed. During
the 1970s synthetic materials were developed that greatly aided the development of
permanent artificial hearts. One such device, designed by American physician Robert K.
Jarvik, was surgically implanted into a patient by American surgeon William C. DeVries in
1982. The aluminum and plastic device, called the Jarvik-7 for its inventor, replaced the
patient’s two ventricles. Two rubber diaphragms, designed to mimic the pumping action of
the natural heart, were kept beating by an external compressor that was connected to the
implant by hoses. This first recipient survived 112 days and died as a result of various
physical complications caused by the implant. Subsequent patients fared little better or even
worse, so that use of the Jarvik-7 was stopped. In 2001 a team of American surgeons
implanted the first completely self-contained artificial heart, called the AbioCor artificial
heart. The patient survived 151 days.
In 2008 a fully functional artificial heart was developed by Carmat, a French company
founded by cardiologist Alain Carpentier. The device was covered with a specially designed
biosynthetic material to prevent the development of blood clots and to reduce the likelihood
of immune rejection—problems associated with the AbioCor and Jarvik-7 artificial hearts.
The Carmat heart also utilized sensors to regulate blood flow and heartbeat. Plans to test the
heart first in calves and sheep and later in humans with terminal heart failure were being
developed.

HEART LUNG MACHINE
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The main components of a heart-lung machine and their functions are briefly described
below.

1. Roller Pump:

The pump comfort frequently consists of numerous revolving motor pumps that
peristaltically ‘massage’ tubing. Pumping action occurs because the rollers on the rotating
arm comprises the tubings carrying the blood and forces the blood ahead of the compressed
section. This action is called peristaltic action and this leads to a pulsatile flow of blood
through the tubings. The heart-lung machine uses five pump heads normally.
In some cases we use centrifugal pumps for the safeguarding and control of blood flow
during the surgical procedure. By changing the RPM of pump head, blood flow is
maintained. This kind of pumping action is measured to be better to the action of roller
pumps because it produces less damage to the blood.

2. Oxygenator:
The oxygenator is planned to move oxygen to the infused blood and take away carbon
dioxide from venous blood. So simply the oxygenator assembly allows to oxygenate the
blood. Bubble oxygenators, membrane oxygenators and heparin coated blood oxygenators are
the different types of oxygenators. Of them, heparin coated blood oxygenators are the
commonly used one as they prevent blood coating.

3. Heat Exchanger:

Heat exchangers permit body and organ temperatures to be attuned. The uncomplicated heat
exchange design is a container of water. As the blood transfers through the tubing positioned
in the bath, the blood temperature will alter. A more complex system separated the blood and
water interface with a metallic barrier. As the water temperature is changed, the blood
temperature also changes, which in turn changes the tissue temperature. Once the tissue
temperature reaches the desired level, the water temperature is maintained.

Heat exchangers can be of two types namely plate type and coil type. In plate type of heat
exchangers, two sheets of metals are used and they are coated with a non – thrombogenic
substance. This configuration offers good efficient transfer of heat. Coil configuration
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consists of a hollow coil through which water circulates. The disadvantage of this type is it is
a non disposable unit and is very difficult to clean.

4. Temperature Controller:

During the time the patient uses a heart-lung machine, body temperature is to be maintained
at a normal range. This unit allows the pump operator to keep the blood at a proper
temperature.

5. Blood and Oxygen Dispersion Plates:
In a heart – lung machine, the gas bubbles are dispersed into the venous blood in the bubble
column and acts as vehicles for both oxygen and carbon dioxide. Here oxygen diffuses from
the bubble into the blood film surrounding the bubble. Various types of dispersion plates are
used.

6. Reservoir:

A reservoir gather blood drained from the venous flow. Reservoir arranges include open or
closed systems. The open system displays demarcations corresponding to blood volume in
the container. The design is open to environment permitting blood to cross with
environmental gases. The closed system contains a bag and it eliminates the air-blood
interface. Volume is measured by weight or change in radius of the container.

7. Nylon Mesh Filters:

The nylon mesh filters used in heart-lung machines are attuned with a broad choice of
solvents. They are particularly used for gathering of algae and cells, atom analysis, big
particulate filtration, prefiltration of solvents and so on.

8. Cannulae:
Numerous cannulae are sewn into the suffering patient’s body in a diversity of position
depending on the kind of surgery. A venous cannula takes away the oxygen destitute blood
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from the patient’s body and an arterial cannula is sewn into the suffering patient’s body to
impart oxygen rich blood. The cannula utilized to return oxygenated blood is frequently
inserted in the rising aorta.

LIMB PROSTHETICS

A limb prosthesis is an artificial limb that replaces a missing body part, usually
because it has been amputated.
The main causes of limb amputation are


Blood vessel (vascular) disease, particularly from diabetes or peripheral
arterial disease



Cancer



Injury (for example, from a motor vehicle crash, work-related accident, or
military combat)



Birth defect

In the United States, about 1 in 200 people are currently living with the loss of a limb, and
about 500 amputations are done each day. This percentage is likely to increase because, as
the population ages, more people will develop diabetes and vascular disease.
For people who have had an amputation, a prosthesis (artificial limb) is often recommended
to replace that body part. At a minimum, a prosthesis should enable the person to perform
daily activities (such as walking, eating, and dressing) independently and comfortably. At
best, a prosthesis may enable the person to function as well or nearly as well as before the
amputation.
Success with a prosthesis is most likely to occur when the clinical team involved has many
different types of professionals, depending on the person’s needs. At a minimum, core team
members include the surgeon, prosthetist, and physical therapist. Prosthetists are experts
who evaluate the amputee's overall functional capabilities and develop a prosthesis
treatment plan, which includes designing, fitting, fabricating, and adjusting the prosthesis
and providing lifetime follow-up care to maintain the prosthesis and provide advice and
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instruction on care. For more complex cases, the team could also include a physiatrist,
occupational therapist, social worker, psychologist, and family members.
People may have concerns regarding passing through airport security with a prosthesis.
Security personnel typically do not ask people to remove a prosthesis. If they do, they are
obligated to do this in a private setting, because it usually requires removing some clothing.
It may be useful for the prosthetist to write a letter stating that the prosthesis has metallic
and microprocessor components and that leaving the prosthesis off for more than 10 to 15
minutes could make it difficult to put it back on because the fluid volume of the stump will
increase.
Goals
Goals range from simple mobility to being able to do high-impact activities, such as
running and jumping. The prosthesis' components are customized to help people achieve
their different goals. Advances in cushioning materials, prosthetic socket design, and foot,
ankle, knee, hand, wrist, and elbow component technology have significantly improved
comfort and function. When fitting a prosthesis, the prosthetist works to make sure that the
amputee is comfortable, stable while standing and walking, and able to or achieve
individual goals.
Highly motivated, otherwise healthy people with a prosthesis can accomplish many
extraordinary feats (for example, go skydiving, climb mountains, complete triathlons, fully
participate in sports, or return to demanding jobs or to active duty in the military). Whether
a prosthesis is used only for basic mobility or for more demanding activities, it can provide
profound psychologic benefits and improve quality of life.
Successful prosthesis use depends on the following:


The person's other medical conditions



The person's physical and cognitive capabilities



The characteristics of the amputation stump



How well the prosthesis socket fits and connects to the body

Prosthesis fitting is a specialized skill. Also it can be hard for people to make the physical
and mental adjustments necessary to function with the prosthesis. Thus, the whole process
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of selecting and adjusting components and assessing overall prosthesis function is
challenging and takes significant time. Not all patients are candidates for all types of
prosthesis.
Amputation levels
An entire limb or part of one may be amputated. Doctors weigh many factors when
amputating a limb. It is very important to


Remove dead or infected tissue



Ensure there is good blood flow in the residual limb (stump)

Other important considerations are to


Preserve muscles and their attachments to bones as much as possible



Stabilize bones



Cover the end of the stump with muscle

Preparing for an amputation
Having an amputation is difficult for people. Losing a limb is not only physically
challenging, but people's self-image often changes after they lose a part of "themselves."
Doctors and prosthetists try to prepare people and their family by explaining why an
amputation is necessary and what will happen before and after the amputation and during
the prosthesis fitting process. People who understand the process and have realistic
expectations of the difficulties they may face and the most likely outcomes are more likely
to persevere and have a better result. Doctors sometimes arrange for the person to talk with
someone who already has an amputation and has adjusted well to it.
Before doing surgery, doctors try to get people in the best possible medical condition. They
try to alleviate existing medical problems, such as poor nutrition, diabetes, and heart or
lung disease as much as possible. Because smoking interferes with healing, smoking
cessation measures are important. If time permits, people who are weak or debilitated may
do therapy and exercises to make them stronger and more flexible.
After surgery
Immediately after surgery, the medical team starts measures to
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Maintain range of motion of joints to prevent them from becoming stiff



Maintain or increase people's strength and general conditioning



Manage swelling (edema) in the stump

When recovery permits, people should begin to desensitize the end of their stump by
massage, tapping, vibration, and starting to bear weight on it.
Prosthesis fitting can begin when the surgical wound is sufficiently healed and the swelling
has gone down enough, provided that the person has enough overall strength and joint
range of motion. Prosthesis fitting usually occurs about 7 to 10 weeks after amputation.
The amputation stump continues to change for 6 to 18 months after amputation as more
fluid leaves the stump and the muscles reshape. While these changes are ongoing,
prosthetists may fit one or more temporary sockets until the amputation stump stabilizes.
When the amputation stump seems close to its final size and shape, prosthetists fit the
person with a definitive prosthesis. A temporary prosthesis allows people to become
accustomed to pressures and forces involved in using a prosthesis.
Early rehabilitation facilitates recovery and future success in using a prosthesis. When
possible for people whose amputation is scheduled, rehabilitation begins before the
amputation. For people whose amputation is done suddenly (for example, because of injury
sustained in a motor vehicle crash or combat), rehabilitation is begun as early as the first
day after surgery. (See also Rehabilitation After Limb Amputation.)
Complications after amputation
Complications may include persistent pain in the residual limb, delayed healing often due
to poor circulation, skin breakdown, skin infection, and swelling of the residual limb. These
may be due to a problem with the residual limb or with the prosthesis and/or socket.
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ORTHOTICS
Orthotics is a medical specialty that focuses on the design and application of orthoses.
An orthosis (plural: orthoses) is "an externally applied device used to influence the structural
and functional characteristics of the neuromuscular and skeletal system".
Classification

Codification of Orthoses
Orthoses (orthotic devices) are classified into classes of four body areas according to the
international classification system (ICS). There are the orthotics of the lower extremities
(English: Classes of lower limb orthoses), orthotics of the upper extremities (English: Classes
of upper limb orthoses), Orthoses for the trunk (English: Classes of spinal orthoses) and
orthotics for the head (English : Classes of head orthoses).
In the area of the respective classes, Orthoses (orthotic devices) are grouped according to
their function. There are paralysis orthoses, relief orthoses and soft braces.
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Under the International Standard terminology, orthoses are classified by an acronym
describing the anatomical joints which they contain. For example, a knee-ankle-foot orthosis
(English abbreviation: KAFO for Knee-ankle-foot orthoses) spans the knee joint, the ankle
and the foot. A spinal orthosis (English abbreviation: TLSO for Thorako-lumbo-sacral
orthoses) affects the thoracic spine, the lumbar spine and the sacrum. Use of the International
Standard is promoted to reduce the widespread variation in description of orthoses, which is
often a barrier to interpretation of research studies.
The transition from an orthosis to a prosthesis can be fluid. An example of this is
compensating for a leg length discrepancy, which is equivalent to replacing a missing part of
a limb. Another example is the replacement of the forefoot after a forefoot amputation. This
treatment is often made from a combination of a prosthesis to replace the forefoot and an
orthosis to replace the lost muscular function (orthoprosthesis).
Prescription and manufacturing
An orthotist is the primary medical clinician responsible for the prescription, manufacture
and management of orthoses. Orthoses are offered as custom-fabricated products, semifinished products or finished products.
Custom-fabricated products are in the foreground of an optimal supply and are individually
manufactured. If the physical examination of a patient is carried out precisely, the clinical
picture often shows a combination of several functional deviations. Every single functional
deviation can be slight or severe. The combination of the functional deviation and its
characteristics lead to a detailed indication. A major advantage of custom-made products is
that the various necessary orthotic functions when doing the configuration of the orthotics
can be optimally matched to the determined functional deviations. Another advantage of
custom-made products is that orthocis is made to fit the individual body shape of the patient.
Custom-fabricated products were traditionally made by following a tracing of the extremity
with measurements to assist in creating a well-fitted device. Subsequently, the advent
of plastics and later even more modern materials such as carbon fiber composites and aramid
fibers as a material of choice for construction necessitated the idea of creating a plaster of
Paris mould of the body part in question. This method is still extensively used throughout the
industry. By introducing composite materials made of carbon fiber materials and aramid
fibers embedded in an epoxy resin matrix, the weight of modern orthoses is extremely
reduced. With this technique, modern orthoses can achieve perfect stiffness in the areas
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where this is necessary (e.g. the connection between ankle and knee joint) and flexible areas
where flexibility is required (e.g. in the area of the forefoot on the foot part of an orthosis).
Semi-finished products are used for fast supply in the case of diseases that occur frequently.
They are manufactured industrially and in some cases can be adapted to the anatomical body
conditions. Semi-finished products are also referred to as prefabricated products and custom
fitted products, but in these cases it is not custom-fabricated.
Custom-fabricated products and Semi-finished products are used in long-term care and
are manufactured or adapted by the orthotist or by trained orthopedic technicians according to
the prescription. In many countries the physician or clinician defines the functional deviations
in his prescription, e.g. paralysis (paresis) of the calf muscles (M. Triceps Surae) and derives
the indication from this, e.g. orthotic to restore safety when standing and walking after
a stroke. The orthotist creates another detailed physical examination and compares it with the
prescription from the physician. The orthotist describes the configuration of the orthosis,
which shows which orthotic functions are required to compensate for the functional deviation
of the neuromuscular or skeletal system and which functional elements must be integrated
into the orthosis for this. Ideally, the necessary orthotic functions and the functional elements
to be integrated are discussed in an interdisciplinary team between physician, physical
therapist, orthotist and patient.
Finished products are short-term orthoses or bandages for a limited duration of therapy and
are manufactured industrially. Finished products are also referred to as off-the-shelf products.
The manufacture of modern orthoses requires that the orthotist acquire or have both manual
skills in processing traditional and innovative materials and artistic skills in modeling body
shapes.

Orthotics

also

combines

knowledge

of anatomy and physiology, pathophysiology, biomechanics and engineering.
Currently, CAD/CAM, CNC machines and 3D printingare involved in orthotic manufacture.
All orthoses that affect the foot, the ankle joint, the lower leg, the knee joint, the thigh or the
hip joint belong to the category of orthoses for the lower extremities.
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Lower limb orthoses

Patient after spinal cord injury with incomplete paraplegia (lesion height L3) with a kneeankle-foot orthosis with an integrated stance phase control knee joint

Paralysis orthoses
Orthoses can make a real difference in the life of a paralyzed person. Paralysis orthoses are
used both for paralyzes with complete functional failure of muscles or muscle groups, as well
as for incomplete paralysis (paresis). They are intended to correct or influence functional
limitations or to replace functions that have been lost as a result of the paralysis. Functional
leg length differences caused by paralysis can be compensated for using the orthosis.
For the quality and function of a paralysis orthosis, it is of great importance that the orthotic
shells are in total-contact fitting with the patient's leg due to an optimal fit. Therefore, a
paralysis orthosis should be prescribed as a custom-made orthosis.
Reducing the weight of an orthosis makes a significant contribution to lowering the energy
costs of walking for those affected, which is why the use of highly resilient and at the same
time light materials such as carbon fiber, titanium and aluminum is indispensable for the
manufacture of a custom-made orthosis.
The production of a custom-made orthosis also offers the advantage that orthotic joints can be
integrated into the orthosis. By using orthotic joints, the dynamics of the orthotic can be
matched exactly with the pivot points of the axes of movement of the anatomical joints of the
lower extremity. Since the dynamics of the orthosis are realized via the orthotic joints, it is
possible to manufacture the orthotic shells stable and torsion-resistant. As a result, the
dynamics of the orthosis take place exactly where the movements are dictated by the anatomy
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in the skeletal system. This is necessary for the quality and function of the orthosis. The
orthosis thus offers the necessary stability to regain the security that has been lost due to
paralysis when standing and walking.
In addition, an orthosis can be individually configured through the use of orthosis joints. In
this way, the function of the orthotic device can be optimally adjusted to any existing
functional deviations that have resulted from the muscle weakness via the combination of the
orthotic joints and the adjustability of the functional elements. The goal of high-quality
orthotic fitting is to adapt the functional elements so precisely to the functional deviation that
the orthosis provides the necessary support. At the same time, the orthotic device should
restrict the dynamics of the lower extremities as little as possible through the adjustable
dynamics of the orthotic joints in order to promote the remaining functionality of the muscles
Determination of strength levels for physical examination
In the case of paralysis due to diseases or injuries to the spinal/peripheral nervous system, the
strength levels of the six major muscle groups of the affected leg are first determined as part
of the physical examination, in order to determine the necessary functions of an orthosis.

Description of the functions of the large muscle groups to define the functional elements of a
paralysis orthosis that are intended to compensate for restricted muscle functions.
1. The dorsiflexors move the foot through concentric muscle work around the
axis of the ankle in the direction of dorsiflexion and control the plantar flexion
through eccentric muscle work.
2. The plantar flexors contribute significantly to being able to stand upright by
actuating the forefoot lever and thereby increasing the standing area when
standing. This group of muscles moves the foot in the direction of plantar
flexion.
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3. The knee extensors extend the knee in the direction of the knee extension.
4. The knee flexors bend the knee in the direction of the knee flexion.
5. The hip flexors bend the hip joint in the direction of the hip flexion.
6. The hip extensors stretch the hip joint in the direction of the hip extension and
at the same time extend the knee in the direction of the knee extension.
A muscle function test according to Vladimir Janda is carried out to determine the strength
levels.[12] The degree of paralysis is given for each muscle group on a scale from 0 to 5, with
the value 0 indicating complete paralysis (0%) and the value 5 indicating normal strength
(100%). The values between 0 and 5 indicate a percentage reduction in muscle function. All
strength levels below 5 are referred as muscle weakness.
The combination of strength levels of the muscle groups determines the type of orthosis
(AFO or KAFO).
In addition, the strength levels of the muscle groups result in the necessary functional
elements of the orthosis, which compensate for the restrictions caused by the reduced level of
strength of the respective muscular functions.

ELEMENTS OF AUDIO AND VISUAL AIDS
We use the term “bio” to denote something related to life. When basics of physics and
chemistry get applied to the living things, and we name them as Biophysics and
Biochemistry. So when the discipline of engineering and medicine interacts, it is called
Biomedical Engineering. Biomedical engineering is the application of knowledge and
technologies to solve the problem of the living system. It involves diagnosis, treatment and
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prevention of disease in human. As the medical field is emerging, the area of Biomedical
Engineering is expanding.
Biomedical Instrumentation
It involves measurement of biological signals like ECG, EMG, or any electrical signals
generated in the human body. Biomedical Instrumentation helps physicians to diagnose the
problem and provide treatment. To measure biological signals and to design a medical
instrument, concepts of electronics and measurement techniques are needed.
Components of Biomedical Instrumentation System
Any medical instrument consists of the following functional basic parts
1. Measurand: The measurand is the physical quantity, and the instrumentation systems
measure it. Human body acts as the source for measurand, and it generates bio-signals.
Example: body surface or blood pressure in the heart
2. Sensor / Transducer: The transducer converts one form of energy to another form usually
electrical energy. For example, the piezoelectric signal which converts mechanical vibrations
into the electrical signal. The transducer produces a usable output depending on the
measurand. The sensor is used to sense the signal from the source. It is used to interface the
signal with the human.
3. Signal Conditioner: Signal conditioning circuits are used to convert the output from the
transducer into an electrical value. The instrument system sends this quantity to the display or
recording system. Generally, signal conditioning process includes amplification, filtering,
analogue to digital and Digital to analogue conversions. Signal conditioning improves the
sensitivity of instruments.
4. Display: It is used to provide a visual representation of the measured parameter or
quantity. Example: Chart recorder, Cathode Ray oscilloscope (CRO). Sometimes alarms are
used to hear the audio signals. Example: Signals generated in Doppler Ultrasound Scanner
used for Fetal Monitoring.
5. Data Storage and Data Transmission: Data storage is used to store the data and can be
used for future reference. Recent days Electronic Health records are utilized in hospitals.
Data transmission is used in Telemetric systems, where data can be transmitted from one
location to another remotely.
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Conclusion
Bioinstrumentation is the application of electronics and measurement principles and
techniques to develop devices used in diagnosis and treatment of disease. Computers are
becoming increasingly important in bioinstrumentation, from the microprocessor used to do a
variety of small tasks in a single purpose instrument to the extensive computing power
needed to process the large amount of information in a medical imaging system. Nanofibers
prepared from electro spinning of chitosan represent a simple, efficient and scalable method
that is well suited to prepare clinically relevant materials. Whether it’s the regeneration of
nerve tissue, delivery of antiinflammatory drugs, or keeping a wound sterilized from
infection, each form of biomedical application requires extensive research. Pectin is one of
extensively studied natural biodegradable polymer formulations for drug delivery, wound
dressing and tissue engineering. So far, a limited number of bioactivities have been identified
from isolated compounds and further researches are needed to develop methods to apply
them for the human health promotion.
Biomedical engineering leaders are currently challenged by the task of better defining the
infrastructure of biomedical engineering, its multidisciplinary nature, and the processes
employed to educate new engineers in this changing field. Biomedical engineers of the future
will have to be more aware of applicable governmental regulations, which set standards for
efficacy and safety. If we substitute “biomedical engineer” for “mechanic” and “technology”
for “handicrafts” and “mechanical science,” we have established the credentials for
biomedical engineers of the future, no matter what he or she may do.
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MULTIPLE CHOOSE QUESTION
UNIT - I

1. This cell is the longest in the human body
(a) Muscle cells
(b) Nerve cells
(c) Bone cells
(d) Gland cells
Answer: (b)
2. This tissue includes the blood tissue
(a) Muscle tissue
(b) Connective tissue
(c) Epithelial tissue
(d) Nervous tissue
Answer: (b)
3. Which of this is/are examples of an organ containing a smooth muscle
(a) Iris of eye
(b) Bronchi only
(c) Uterus only
(d) All of the above
Answer: (d)
4. This structure of the plant cell is non-living
(a) Nucleus
(b) cell wall
(c) cytoplasm
(d) Mitochondrion
Answer: (b)
5. This cell organelle does not contain DNA
(a) Nucleus
(b) Mitochondria
(c) Lysosomes
(d) Chloroplast
Answer: (c)
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6. The main difference between human cheek cells and onion peel cells is
(a) Presence of cell wall in onion peel cells
(b) Presence of mitochondria in onion peel cells
(c) Absence of endoplasmic reticulum in cheek cells
(d) Absence of the plasma membrane in cheek cells
Answer: (a)
7. This jellylike substance inside the plasma membrane in which all cell organelles are
floating is
(a) Cytoplasm
(b) Tonoplasm
(c) Karyoplasm
(d) Cell sap
Answer: (a)
8. The organelle serving as a primary packaging area for molecules that will be
distributed throughout the cell is
(a) Vacuole
(b) Plastids
(c) Mitochondria
(d) Golgi apparatus
Answer: (d)
9. Animal cells are interconnected by
(a) Plasma membrane
(b) Cell wall
(c) Desmosomes
(d) Plasmodesmata
Answer: (c)
10. The Cell theory is not applicable to
(a) Fungi
(b) Algae
(c) Virus
(d) Microbes
Answer: (c)
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11. In the given list, which is the simplest amino acid?
a. Alanine
b. Glycine
c. Tyrosine
d. Asparagine
Answer: (b)
12. Animal cells are interconnected by _______
a. Desmosomes
b. Cell wall
c. Plasmodesmata
d. Plasma membrane
Answer: (a)
13. Polythene chromosomes are found because of _____?
a. Endomixes
b. Mitosis
c. Meiosis
d. Endomitosis
Answer: (d)
14. The rRNA is synthesized by _________
a. Golgi body
b. Nucleus
c. Nucleolus
d. Cytoplasm
Answer: (c)
15. Which of the following is known as mitoplast?
a. Mitochondria without outer membrane
b. Another name for mitochondria
c. Mitochondria without membranes
d. Mitochondria without inner membrane
Answer: (a)
16. The Lipid drugs’ detoxification including the other harmful compounds of various
types in the ER is carried out by ______?
a. Cytochrome F
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b. Cytochrome bf
c. Cytochrome P450
d. Cytochrome D
Answer: (c)
17. Sodium and potassium pumps are examples of __________
a. Plasmolysis
b. Active transport
c. Passive transport
d. Osmosis
Answer: (b)
18. The histone octamer contains __________?
a. 5 types of histones
b. 6 types of histones
c. 8 types of histones
d. 8 histones of four different types
Answer: (d)
19. Centriole takes part in the formation of ________?
a. Nucleus
b. Spindle
c. Cell plate
d. To start cell division
Answer: (b)
20. Which of the below option is/are examples of an organ that contain a smooth
muscle?
a. Uterus only
b. Iris of eye
c. Bronchi only
d. All of the above
Answer: (d)
21. The Major difference between the human cheek cells and onion peel cells is ______?
a. Presence of mitochondria in onion peel
b. Absence of plasma membrane in cheek cells
c. Cell wall presence in onion peel cells
d. Absence of endoplasmic reticulum in cheek cells
Answer: (c)
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22. An organelle that mainly serves as a packaging area for molecules that are
distributed across the cell and are called ____?
a. Golgi apparatus
b. Mitochondria
c. Plastids
d. Vacuole
Answer: (a)
23. The cell theory is not applicable toa. Fungi
b. Microbes
c. Algae
d. Virus
Answer: (d)
24. In the below-given list, which one includes the blood tissue?
a. Muscle tissue
b. Connective tissue
c. Epithelial tissue
d. Nervous tissue
Answer: (b)
25. Who discovered cell in 1665?
a) Robert Hook
b) Robert Crook
c) David Thomson
d) Marie Francois
Ans. a)

UNIT – II
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1. Who developed an Electrocardiogram?
a.

Wilhelm His

b.

Steward

c.

Hubert Mann

d.

Willem Einthoven

Answer: (d)
2. In the case of a normal Heartbeat, Depolarization stimulus arises in which of the
following?
a.

Epicardium

b.

Sinoatrial Node (SA node)

c.

Atrioventricular Node (AV node)

d.

His bundle

Answer: (b)
3. What does the P wave represent?
a.

Depolarization of the atria

b.

Depolarization of the ventricles

c.

Represents the repolarization of the ventricles

d.

Depolarization of the atria and ventricles

Answer: (a)
4. Which of these cannot be detected by an Electrocardiogram?
a.

The rate and rhythm of Heartbeats

b.

The size and position of the Heart chambers

c.

The function of implanted Pacemakers

d.

Presence of asymptomatic blockages in the atria of the Heart
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Answer: (d)
5. Which of the following indicates Ventricular Muscle Depolarization?
a.

P wave

b.

QRS complex

c.

T wave

d.

PR interval

Answer: (b)
6. What does the T wave represent in an ECG?
a.

Atrial diastole

b.

Atrial systole

c.

Ventricular diastole

d.

Joint diastole

Answer: (c)
7. What does the Depolarization of Ventricles initiate?
a.

Atrial diastole

b.

Atrial systole

c.

Ventricular systole

d.

Joint diastole

Answer: (c)
8. Counting the number of QRS complexes, which of the following can be interpreted?
a.

Rate of heartbeat

b.

Rate of breathing

c.

Cardiac output

d.

Stroke volume
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Answer: (a)
9. What do Depolarization and Repolarization initiate in different chambers of the
Heart?
a.

Contraction and relaxation

b.

Relaxation and contraction

c.

Thickening and thinning

d.

Contraction and thickening

Answer: (a)
10. Which of the following waves of ECG represent Repolarization?
a.

P wave

b.

QRS complex

c.

RS wave

d.

T wave

Answer: (d)

11. In a single circulation the Heart Pumps?
a.

Oxygenated blood

b.

Deoxygenated blood

c.

Mixed blood

d.

Only blood nutrients

Answer: (b)
12. The Depolarization Stimulus for the normal Heartbeat originates in the
a.

Epicardium

b.

His-bundle areas

c.

Atrioventricular (AV) nodal
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d.

Sinoatrial (SA) node

Answer: (d)
13. A shortened PR interval, slurring (called a delta wave. of the initial QRS deflection,
and prolonged QRS duration are characteristics of
a.

Wolff-Parkinson-White (WPW. syndrome

b.

B. Atrial tachycardia

c.

C. Left bundle branch block

d.

D. Myocardial ischemia

Answer: (a)
14. The classic ECG changes in Myocardial Infarction (MI. are
a.

T-wave inversion

b.

ST-segment elevation

c.

Development of an abnormal Q wave

d.

All of the above

Answer: (d)

15. ECG depicts the Depolarisation and Repolarisation processes during the Cardiac
Cycle. In the ECG of a normal healthy individual one of the following waves is not
represented, which one is that?
a.

Depolarization of atria

b.

Repolarization of atria

c.

Depolarization of ventricles

d.

Repolarization of ventricles

Answer: (b)
16. Which of the following correctly explains a phase/ event in cardiac cycle in a
standard Electrocardiogram?
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a.

QRS complex indicates atrial contraction.

b.

QRS complex indicates ventricular contraction.

c.

Time between S and T represents atrial systole.

d.

P-wave indicates beginning of ventricular contraction.

Answer: (b)
17. In a normal individual, the heart rate can be determined by the ___________ in an
ECG
a.

Interval between two QRS complexes

b.

Number of P waves

c.

Interval between the P and T waves

d.

Number of T waves

Answer: (a)

18. This is the classic ECG change in MI (Myocardial Infarction.
a.

ST-segment elevation

b.

T-wave inversion

c.

Development of an abnormal Q wave

d.

All of these

Answer: (d)
19. In which of these conditions can widen QRS and Tall-tented T waves be observed
a.

Hyponatremia

b.

Hyperkalemia

c.

Hyperglycemia

d.

Hyperphosphatemia

156

Answer: (b)
20. A particular ECG change observed in Hypokalemia is
a.

ST-segment elevation

b.

U wave, which is a position deflection after the T wave

c.

Tall peaked T waves

d.

Widening of the QRS complex and increased amplitude

Answer: (b)
21. ECG identified by the PR interval tends to become longer with every succeeding
ECG complex until there is a P wave not followed by a QRS is observed in
a.

Third-Degree Atrioventricular Block

b.

Second-Degree Atrioventricular Block, Type II

c.

Second-Degree Atrioventricular Block, Type I

d.

First-Degree Atrioventricular Block, Type II

Answer: (c)
22. The waves which represent the excitation of the atria are,
a.

P-wave

b.

QRS complex

c.

T-wave

d.

ST-segment

Answer: (a)
23. The depolarization of the ventricles is represented in,
a.

P-wave

b.

T-wave

c.

QRS complex

d.

PQ interval
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Answer: (c)

24. The heartbeat of a person can be determined by which of the following waves?
a.

P-wave

b.

QRS complex

c.

ST-segment

d.

PQ interval

Answer: (b)
25. The enlargement of auricles is represented by,
a.

Enlargement of P-wave

b.

Enlargement of QR segment

c.

Depression of ST segment

d.

Elevation of ST segment

Answer: (a)

26. Depression of the ST segment depicts, which of the following?
a.

Ischemia

b.

Hypokalemia

c.

Myocardial infarction

d.

Acute heart attack

Answer: (a)
27. The longest refractory period is found in which of the following muscles?
a.

Skeletal muscles
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b.

Smooth muscles

c.

Cardiac muscles

d.

Facial muscles

Answer: (c)
28. The full form of ECG is
a.

Electricity cardiac group

b.

Electrocardio group

c.

Electrocardium granules

d.

Electrocardiogram

Answer: (d)
29. AV block refers to
a.

Impulse not reaching SA node

b.

Impulse not reaching the AV node

c.

Impulse not reaching Purkinje fibers

d.

Impulse not generating in the heart

Answer: (b)
30. The major symptom of heart failure is
a.

Lung congestion

b.

Vomiting

c.

Yellowing of eyes

d.

Pain in the chest

Answer: (a)
31. The full form of CAD is
a.

Coronary artery disease
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b.

Carotid artery disorder

c.

Carotid artery disease

d.

Coronary angina disorder

Answer: (a)

32. Immediately after the QRS wave, which of the phases of the cardiac cycle follows?
a.

Isovolumic relaxation

b.

Ventricular ejection

c.

Atrial systole

d.

Isovolumic contraction

Answer: (d)

33. The positive electrode when recording lead aVL on an EKG is
a.

left arm

b.

left leg

c.

right leg

d.

left arm + left leg

Answer: (a)

34. From an ECG of a horse, which of the following cannot be determined?
a.

Heart rhythm
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b.

Heart rate

c.

Ventricular enlargement presence

d.

The duration of the P-R interval

Answer: (c)

35. Leads V3 and V4 represent which of the following views of the heart?
a.

Septal

b.

Inferior

c.

Anterior

d.

Lateral

Answer: (c)

36. A normal PR interval duration ranges between
a.

0.04 - 0.12 seconds (small squares of 1-3)

b.

0.12 - 0.2 seconds (small squares of 3-5)

c.

0.04 - 0.08 seconds (small squares of 1-2)

d.

0.08 - 0.12 seconds (small squares of 2-3)

Answer: (b)

37. If leads II, III, and aVF, note the ST-elevation, what would it suggest?
a.

An inferior myocardial infarction
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b.

A posterior myocardial infarction

c.

A septal myocardial infarction

d.

An anterior myocardial infarction

Answer: (a)

38. Left axis deviation is caused due to
a.

Defects of the conduction system

b.

Atrial septal defects

c.

Right ventricular hypertrophy

d.

Left ventricular hypertrophy

Answer: (a)
39. QRS complex's normal duration is
a.

0.04 seconds (1 small square)

b.

0.08 seconds (2 small squares)

c.

0.16 seconds (4 small squares)

d.

0.12 seconds (3 small squares)

Answer: (d)
40. Electrodes to measure EEG are placed on ________
a) forehead
b) scalp
c) cheek
d) ears

Answer: b
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41. According to the international 10/20 system to measure EEG, even number denotes
which side of the brain?
a) left
b) top
c) bottom
d) right

Answer: d

42. Letter F in the EEG electrode placement system denotes?
a) front
b) face
c) frontal lobe
d) fast

Answer: c

43. Normal EEG frequency range is _______
a) 50-500Hz
b) 0.5-50HZ
c) 0.05-5Hz
d) 1-200Hz

Answer: b

44. The letter T in the EEG electrode placement system denotes?
a) temporal lope
b) temper lobe
c) trace
d) timpanic

Answer: a
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45. According to the international 10/20 system to measure EEG, odd number denotes
which side of the brain?
a) left
b) right
c) top
d) front

Answer: a

46. The delta wave in EEG ranges from ___________
a) 0.5-4Hz
b) 4-8Hz
c) 8-13Hz
d) 13-22Hz

Answer: a

47. Disturbance in the EEG pattern resulting from the external stimuli is called
________
a) provoked response
b) ckoored response
c) evoked response
d) impulse response

Answer: c

48. The peak to peak amplitude of the waves that can be picked from the scalp is
______________
a) 100mV
b) 100V
c) 100uV
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d) 10mV

Answer: c

49. Which rhythm is the principal component of the EEG that indicates the alertness of
the brain?
a) theta rhythm
b) gamma rhythm
c) beta rhythm
d) alpha rhythm

Answer: d

50. The frequency range of ECG is ____________
a) 0.05-150 HZ
b) 500-1500 Hz
c) 5-500 kHz
d) 0.5-150 MHz

Answer: a

UNIT – III

1. Which of the following statement is correct?
a) 130/90 mm Hg is considered high and require treatment
b) 100/55 mm Hg is considered an ideal blood pressure
c) 105/50 mm Hg makes one active
d) 190/110 mm Hg may harm vital organs

Answer: d
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2. Blood pressure is the pressure exerted by blood against ___________
a) kidneys
b) artery walls
c) brain
d) stomach

Answer: b

3. Blood pressure is measured in terms of ____________
a) mm Hg
b) mm
c) cm Hg
d) Hg

Answer: a

4. _________ is the enzyme that converts Angiotensinogen to Angiotensin I.
a) Rennin
b) ACE
c) ANP
d) ADH

Answer: a

5. A normal heart rate in an adult at rest is ______________
a) 110
b) 125
c) 60
d) 75

Answer: d
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6. Unhealthy growth of tissue due to higher pressures on the walls of the artery is
termed as __________
a) atheroma
b) aroma
c) adenoma
d) aroma and adenoma

Answer: a

7. Any mechanism that increases heart rate is said to have a positive ________ effect.
a) cholinergic
b) inotropic
c) chronotrophic
d) feedback

Answer: c

8. The colloid osmotic pressure of blood plasma is due to high concentration of _______
a) albumin
b) hemoglobin
c) sodium
d) glucose

Answer: a

9. The sinoatrial node depolarizes more frequently under the influence of ________
a) medulla oblongata
b) vagus nerve
c) norepinephrine
d) acetylcholine

Answer: c
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10. Which of the following term does not involve in ideal gas law?
a) Pressure
b) Volume
c) Temperature
d) Time

Answer: d

11. What is the shape of a P-T curve for ideal gas?
a) Straight line
b) Parabolic
c) Hyperbolic
d) Ellipse

Answer: a

12. What is the shape of a V-T curve for ideal gas?
a) Straight line
b) Parabolic
c) Hyperbolic
d) Ellipse

Answer: a

13. What is the shape of a P-V curve for an ideal gas?
a) Straight line
b) Parabolic
c) Hyperbolic
d) Ellipse

Answer: c
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14. Which of the following is not true about ideal gas molecules?
a) They have negligible size
b) They do not have attractive forces
c) They do not apply pressure
d) They move in random motion

Answer: c
15. What is the pressure of a 5 liter/mole ideal gas at temperature 27 oC?
a) 2.5 atm
b) 3.8 atm
c) 4.4 atm
d) 5.3 atm

Answer: d
16. What is the Temperature of a 2 liter/mole ideal gas with pressure 10 atm?
a) 243.6 K
b) 268.4 K
c) 289.1 K
d) 313.5 K

Answer: a

17. First of the two ideal gases has twice molar volume as much as the second at same
temperature, what is the ratio of their pressures?
a) 4:1
b) 1:4
c) 2:1
d) 1:2

Answer: d
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18. 88 grams of CO2 at 27oC is applying 5 atm pressure, what is the volume occupied by
it?
a) 5.6 liter
b) 7.9 liter
c) 9.8 liter
d) 12.2 liter

Answer: c
19. What is the density of O2 at 27oC with pressure 1 atm?
a) 1.1 g/L
b) 1.3 g/L
c) 1.5 g/L
d) 1.7 g/L

Answer: b

20. What is the molecular mass of an ideal gas with pressure 1 atm, and density 10 g/L
at temperature 27oC?
a) 84.5 g
b) 135.1 g
c) 186.8 g
d) 246.3 g

Answer: d
21. What is the specific gravity of CO2 at 27oC and pressure 1 atm with respect to air of
with density 1 g/L?
a) 1.23
b) 1.55
c) 1.78
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d) 1.96

Answer: c
22. What is the specific gravity of CO at 27oC and pressure 5 atm with respect to air
(molecular wt. = 29 g) at 27oC and pressure 10 atm?
a) 0.48
b) 0.56
c) 0.64
d) 0.72

Answer: a

23. What is the compressibility factor for an ideal gas?
a) 1
b) 2
c) 3
d) Depends on the gas

Answer: a

24. Which of the following is not the unit of R?
a) Atm.liter/K.mole
b) Pa.m3/K
c) N.Kg.m3/K.mole
d) None of the mentioned

Answer: c

25. Let the pressure P and volume V for a certain gas. If the pressure is increased by
25% at a constant temperature, then what would be the volume of the gas?
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A: 0.6V
B: 0.75V
C: 0.8V
D: 0.85V
Answer: c
UNIT – IV

1.What is the difference between soft and hard X-rays
(a) Velocity
(b) Intensity
(c) Frequency
(d) Polarization
Answer: (c)

2. When X rays pass through a strong uniform magnetic field, Then they
(a) Do not get deflected at all
(b) Get deflected in the direction of the field
(c) Get deflected in the direction opposite to the field
(d) Get deflected in the direction perpendicular to the field
Answer: (a)

3.If the voltage of X-ray tube is doubled, the intensity of X-rays will become
(a) Half
(b) Unchanged
(c) Double
(d) Four times
Answer: (b)

4. X-rays cannot be deflected by means of an ordinary grating due to
(a) Large wavelength
(b) High speed
(c) Short wavelength
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(d) None of these
Answer: (c)

5.If energy of K-shell electron is – 40000 eV and If 60000 V potential is applied at
coolidge tube then which of the following X-ray will get form
(a) Continuous
(b) White X-rays
(c) Continuous and all series of characteristic
(d) None of these
Answer: (c)

6.On increasing the number of electrons striking the anode of an X-ray tube, which one
of the following parameters of the resulting X-rays would increase
(a) Penetration power
(b) Frequency
(c) Wavelength
(d) Intensity
Answer: (d)

7.X-rays are
(a) Stream of electrons
(b) Stream of positively charged particles
(c) Electromagnetic radiations of high frequency
(d) Stream of uncharged particles
Answer: (c)

8. X-rays which can penetrate through longer distances in substance are called
(a) Soft X-rays
(b) Continuous X-rays
(c) Hard X-rays
(d) None of the above
Answer: (c)
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9.For harder X-rays
(a) The wavelength is higher
(b) The intensity is higher
(c) The frequency is higher
(d) The photon energy is lower
Answer: (c)

10.X-rays region lies between
(a) Short radiowave and visible region
(b) Visible and ultraviolet region
(c) Gamma rays and ultraviolet region
(d) Short radiowave and long radiowave
Answer: (c)

11.The voltage applied across an X-rays tube is nearly
(a) 10 V
(b) 100 V
(c) 10000 V
(d) 106 V
Answer:. (c)

12.X-rays are known to be electromagnetic radiations. Therefore the X-ray photon has
(a) Electric charge
(b) Magnetic moment
(c) Both electric charge and magnetic moment
(d) Neither electric charge nor magnetic moment
Answer: (d)

13.X-rays were discovered by
(a) Becquerel
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(b) Roentgen
(c) Marie Curie
(d) Von Laue
Answer: (b)

14. X-rays and gamma rays are both electromagnetic waves. Which of the following
statements is true
(a) In general X-rays have larger wavelength than of gamma rays
(b) X-rays have smaller wavelength than that of gamma rays
(c) Gamma rays have smaller frequency than that of X-rays
(d) Wavelength and frequency of X-rays are both larger than that of gamma rays
Answer: (a)

15.The penetrating power of X-rays increases with the
(a) Increase in its velocity
(b) Increase in its frequency
(c) Increase in its intensity
(d) Decrease in its velocity
Answer: (b)

16.A direct X-ray photograph of the intestines is not generally taken by the radiologists
because
(a) Intestines would burst on exposure to X-rays
(b) The X-rays would not pass through the intestines
(c) The X-rays will pass through the intestines without causing a good shadow for any useful
diagnosis
(d) A very small exposure of X-rays causes cancer in the intestines
Answer: (c)

17.The X-ray beam coming from an X-ray tube will be
(a) Monochromatic
(b) Having all wavelengths smaller than a certain maximum wavelength
(c) Having all wavelengths larger than a certain minimum wavelength
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(d) Having all wavelengths lying between a minimum and a maximum wavelength
Answer: (c)

18.X-rays are in nature similar to
(a) Beta rays
(b) Gamma rays
(c) de-Broglie waves
(d) Cathode rays
Answer: (b)

19. In radio theraphy, X-rays are used to
(a) Detect bone fractures
(b) Treat cancer by controlled exposure
(c) Detect heart diseases
(d) Detect fault in radio receiving circuits
Answer: (b)

20.Which of the following wavelength falls in X-ray region
(a) 10000 Å
(b) 1000 Å
(c) 1 Å
(d) 10–2 Å
Answer: (c)

21.For continuous X-rays produced wavelength is
(a) Inversely proportional to the energy of the electrons hitting the target
(b) Inversely proportional to the intensity of the electron beam
(c) Proportional to intensity of the electron beam
(d) Proportional to target temperature
Answer: (a)

22. Penetrating power of X-rays can be increased by
(a) Increasing the potential difference between anode and cathode
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(b) Decreasing the potential difference between anode and cathode
(c) Increasing the cathode filament current
(d) Decreasing the cathode filament current
Answer: (a)

23.The wavelength of X-rays is
(a) 2000 Å
(b) 2 Å
(c) 1 mm
(d) 1 cm
Answer:. (b)

24. CAT scan is essentially _________
a) a finer X-ray of bones
b) a detailed x-ray
c) x-ray of soft tissues
d) x-ray of brain

Answer: c

25. CAT scan is often combined with _____
a) PET
b) SPECT
c) Fluoroscopy
d) MRI

Answer: a

26.Why is contrast used in CT scan?
a) To suppress particular tissues
b) To enhance a particular tissue
c) To ensure correct tissue is being imaged
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d) To reduce bone interference

Answer: b

27.The current generation CT scanner use __________ for scanning
a) pencil beam and stationary detectors
b) pencil beam and rotating detectors
c) fan beam and detectors
d) electron beam and detectors

Answer: d

28.In order to visualize the flow of blood in the renal arteries, what process is done with
CT?
a) CT Angioplasty
b) CT Angiography
c) Simple CT
d) CT Cardiography

Answer: b

29.The radiodensity or the radiopacity is measured in _________
a) mA
b) mV
c) g/m3
d) HU

Answer: d

30. The endoscope that examines the respiratory tract is called as ____________
a) Bronchoscopy
b) Laparoscopy
c) Colonoscopy
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d) Arthroscopy

Answer: a

31. Endoscope used to examine the upper GI tract is ___________
a) Laparoscopy
b) Bronchoscopy
c) Esophagogastroduodenoscopy
d) Laryngoscopy

Answer: c

32. Capsule endoscope has a ________ for taking images.
a) CCD camera
b) LED camera
c) X-Ray camera
d) US camera

Answer: a

33.Extraction of a small piece of the diseased organ is called __________
a) biopsy
b) surgery
c) chemotherapy
d) replacement

Answer: a

34. Which if the following diagnostic procedures require an endoscope?
a) Transesophagal Echocardiography
b) X Ray of the Chest
c) Counting the Number of Platelets
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d) Detecting Leukemia

Answer: a

35.Which endoscope can be used to look at the knees before and after a surgery?
a) Colonoscopy
b) Arthroscopy
c) Bronchoscopy
d) Laryngoscopy

Answer: b

UNIT – V

1. For what all purposes is diathermy principal used?
a) Surgical and Therapeutic
b) Therapeutic and Diagnostic
c) Diagnostic and surgical
d) Diagnostic and rehabilitative

Answer: a

2. What surgical functions are performed by the diathermy machine?
a) cutting, coagulation, fulguration
b) cutting, fulguration
c) cutting, coagulation
d) coagulation, fulguration

Answer: a

3. The types of therapeutic diathermy machines that exist are ___________
a) Short wave, micro wave and ultrasound
b) Short wave, ultrasound and cold compress
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c) Cold compress, microwave and electrical impulse
d) Electrical impulse, microwave and ultrasound

Answer: a

4. Which of the diathermy machine is good for deep tissue healing?
a) short wave
b) ultrasound
c) cold compress
d) electrical impulse

Answer: a

5. What is the frequency range of the sound used for ultrasound diathermy?
a) 0.1 – 0.7 MHz
b) 0.7 – 3.3 MHz
c) 3.3 – 5 MHz
d) 5 – 15 MHz

Answer: b
6. What precaution is used in diathermy?
a) the patient is made to lie on a soft pillow
b) pads are used for grounding and completing the circuit
c) the patient is made to drink a large number of fluids
d) wooden blocks are used for grounding

Answer: b

7. In heat wave diathermy, the maximum power given out is 500 W and the maximum
voltage possible is 4000V. Thus, what is the highest resistance that heat wave diathermy
machine can deal with?
a) 3.2 K ohm
b) 32 K ohm
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c) 320 K ohm
d) 3200 K ohm

Answer: b

8. Which of the following is used to measure the biological damage caused by radiation?
a) Curie
b) Rem
c) Rad
d) Roentgens

Answer: b

9. Beyond what dose is the cerebral system shows signs of failure?
a) 25 – 200 rad
b) 200 – 600 rad
c) 600 – 1000 rad
d) > 1000 rad

Answer: d

10. What is the relation between 1 Rad, 1 Rem and 1 R?
a) 1 Rad ≈ 1.5 Rem ≈ 1000 R
b) 1 Rad ≈ 10 Rem ≈ 1.8 R
c) 1 Rad ≈ 1 Rem ≈ 1 R
d) 1 Rad ≈ 10 Rem ≈ 100 R

Answer: c

11. The two known units of radioactivity and the relation between the two are _______
a) Curie and Becquerel 1 Ci = 3.7 x 1010 Bq
b) Curie and Becquerel 1 Bq = 3.7 x 1010 Ci
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c) Curie and Roentgens 1 Ci = 1000 R
d) Roentgen and Becquerel 1 R = 1000 Bq

Answer: a

12. In a hypothetical radioactive material, the total number of active photons are 20000
and the decay constant is found out to be 4.916 X 10-17 per second. How much of the
material will be left in a 100 years? (1 year = 365 days. Leap year is not assumed in the
calculations)
a) 1589.99999
b) 19,999.9999
c) 19.999999
d) 123.99999

Answer: b

13. If the half life is found to be 100 msec, what is the decay constant?
a) 693 per second
b) 24948 per hour
c) 0.1155 per minute
d) 59875.2 per day

Answer: b

14. With what energy must the radiation be given to image a bone of thickness 5 cm
which has covering of skin of thickness of 2 cm on the both sides and the emerging
intensity of the X – Ray is 200MeV. (impedance for bone = b for skin = s )
a) 2000e9
b) 200e(4s + 5b)
c) 20/e
d) 2e

183

Answer: b

15. Interruption or interference with normal physiological and developmental processes
or structures is called _________
a) Functional Limitation
b) Pathophysiology
c) Societal Limitation
d) Modality-Specific

Answer: b

16. For rehabilitation engineering perspective a task that is specific to a single sense or
movement pattern is called ___________
a) Functional Limitation
b) Societal Limitation
c) Modality-Specific
d) Pathophysiology

Answer: c

17. An artificial limb, a sensory substitution system, or an augmentative communication
aid is prosthetic devices __________
a) therapeutic device
b) diagnostics device
c) orthosis device
d) prosthetic device

Answer: d

18.Aesthetics of appearance is called ____________
a) orthosis
b) cosmesis
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c) lymphosis
d) homeostasis

Answer: b

19.Filter that amplifies frequency above certain value is called ___________
a) low pass filter
b) high pass filter
c) band pass filter
d) band stop filter

Answer: b

20. Transcutaneous means ________
a) passing to the skin
b) passing to the bones
c) passing to the heart
d) passing to the lungs

Answer: a

21. Which of the following is not a soft tissue?
a) ligament
b) bone
c) tendons
d) skin

Answer: b

22. Blood vessels are _______
a) soft tissue
b) hard tissue
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c) connective and hard tissue
d) connective and soft tissue

Answer: d
23. Which of Newton's laws do we use most when manufacturing orthotic devices?
A:-I
B:-II
C:-I and II
D:-III
Answer:- D

24. When weight is a major concern, in designing Prosthetics and Orthotics
____________ is used.
A:-Steel
B:-aluminium
C:-Titanium
D:-Plastic
Answer:- B
25. When residual forearm is so short, which of these is used to augment function?
A:-Supracondylar suspension
B:-Step up Hinges
C:-Both (1) and (2)
D:-Prehensors
Answer:- C

26. Which of these are used on uneven terrain?
A:-Constant friction knee
B:-Polycentric knee
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C:-Stance phase control
D:-Fluid control knee
Answer:- A
27. For fixed deformities, ___________ foot orthoses are used to improve foot function.
A:-Rigid
B:-Soft
C:-Semi-rigid
D:-All the above
Answer:- B

28.Which of these is not applicable for AFO?
A:-Absorption of ground reaction forces
B:-Protection of fusion sites
C:-Protection of md foot
D:-Providing mediolateral stability
Answer:- D

29.Which of these is not applicable for orthosis?
A:-Prevent deformity
B:-Controls instability
C:-Corrects a fixed joint contracture
D:-Relieves pain
Answer:- C

30.The mandibulor-occipital assembly is a part of ____________ orthosis
A:-Foot
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B:-Spinal
C:-Knee
D:-Cervical
Answer:- B
31.Central amputation involves _____________
A:-Digits II and III
B:-Digits III and IV
C:-Digits IV and V
D:-Thumb and index finger
Answer:- B
32. _____________ provides stable support of prosthesis
A:-Socket
B:-Body of prosthesis
C:-Harness
D:-Control system
Answer:- C
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QUESTION BANK

Part A :
Unit-I
1. Explain the structure of Cell
2. Define DNA
3. What are resting and action potentials?
4. What is meant by central nervous system?
5. Define protoplasm
6. What are the electrolytes present in the cell?
7. What is the nature of cancer cell?
8. Define ICF and ECF
9. Define Goldman’s equation and Nernst equation of resting potential
10. Define sodium pump
11. Define arteries and veins
12. Define systolic and diastolic pressure
13. What are the different valves present in the heart?
14. Define heart beat
15. Define circulatory system
16. Define respiratory system
17. Define neuron, nerve fiber
18. Define synapse
19. Define CNS, PNS
20. Define cerebrum
21. What are the function of cerebellum?
22. Define transducer and its types
23. Mention some active transducer
24. List some passive transducer
25. Explain resistive transducer
26. Define loading effect and sensitivity of a transducer.
27. Define strain gauge
28. Define gauge factor
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29. Define capacitive transducer
30. What is the principle of inductive transducer?
Unit – II
31. What is a differential ampilfier?
32. Mention various bioelectrical potentials
33. Define electrodes and mention its types
34. Define all or nothing law.
35. What is electrode potential or half cell potential?
36. Define residual volume and tidal volume
37. Define polarized and non polarized electrodes
38. Name some piezo-electric materials
39. Define Seebeck effect, Peltier effect
40. Define LVDT
41. What is a pre amplifier?
42. Define CMRR
43. What are the function of chopper amplifier?
44. What are the basic components of bio-electric system?
45. What is the need of bio-amplifier ?
46. What is ECG?
47. Draw the Einthovan triangle
48. Draw ECG wave form
49. What are the types of ECG lead system?
50. What is EEG?
51. What are the applications of EEG?
52. What is EMG?
53. What is ERG?
Unit – III
54. What is auscultation?
55. What are the types of BP measurement?
56. What is cardiac output?
57. What is cardiac rate?
58. What are the type of heart sound?
59. Write the equation to find PH value
60. Expand the term BSR and GSR
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61. What is the use of plethysmograph?
62. What the method of blood flow measurement?
63. What are two methods of pulse measurement?
Unit – IV
64. How are X rays produced.
65. What is the application of X rays?
66. What is the principle of CT?
67. Compare radiography and fluoroscopy
68. What is the application of CT?
69. What is ultrasonography?
70. Define NMR
71. Define endoscope and mention some of its types
72. Define thermograph
73. Define electrical safety
74. What are the types of thermography?
75. Draw the block diagram of biotelemetry
76. Define macro shock
77. Define micro shock
Unit – V
78. What is pacemaker?
79. What are types of pacing modes?
80. What is demand pacemaker?
81. What is fibrillation?
82. What are types of fibrillation?
83. What are the various electrodes used for defibrillation?
84. What is counter shock?
85. What is the need for ventilators?
86. What is IIP?
87. What is stimulator?
88. What are the advantages of diathermy?
89. What is heart-lung machine?
90. What is dialysis?
91. What are the components of pacemaker?
92. What are type of pacemaker?
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93. How are pulse generated in competitive pacemaker
94. Give the classification of pacemaker based on the modes of operation?
95. What are the advantages and disadvantages of standby pacemaker?
96. What is audiometer?
97. What are the types of audiometer?
UNIT – I
PART – B

1.How do you record the action potential? . With the action potential waveform summarizes
depolarization, repolarization and absolute and relative refractory periods. (13)

2.Explain generation of Action potential and its propagation.(13)

3.Demonstrate about action potential generation in a cell with neat sketch also discuss
refractory period of cell. (13)

4.Explain action and resting potential of cell. With a relevant graph describe the relationship
between the action potential and muscle contraction. (13)

5.Describe the usage of the various types of electrodes used to measure bio potentials. (13)

6.How the Limb and suction cup electrodes can be used for recording of ECG. (13)

7.Draw and explain the equivalent circuit of a bio potential electrode interface. (13)

8.Draw the electrical equivalent circuit of a glass microelectrode and explain its electrical
characteristics.(13)

9.Discuss in brief about body surface electrodes with suitable examples. (15)

10. Elaborate the classification of electrodes used for bio-medical applications. (15)
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UNIT – II
PART – B

11. What is evoked potential? Explain EEG recording with suitable block diagram. (13)

12. Explain 12 lead electrode system for ECG measurement.(13)

13. Draw an ECG of a normal person, labeling the critical features and explain the working of
an ECG machine.(13)

14. Discuss the different components of EMG measurement. Describe the desired features of
electromyography. (13)

15. Draw an ECG waveform indicating typical time intervals and amplitudes of all the waves.
Explain how these waves are physiologically correlated with the heart activity. (13)

16. Draw and explain the EEG system block diagram with an emphasis on preamplifiers and
system specifications.
UNIT – III
PART – B

17. Describe the working principle of ultrasonic blood pressure measurement. (7)

18. Write the equation for mean arterial blood pressure. Also demonstrate the setup used for
measuring blood pressure.(13)

19. Write short notes on Indicator dilution technique for cardiac output measurement. (13)

20. Discuss with necessary diagram Doppler Imaging system for blood flow measurement.
(8)
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21. Sketch the block diagram of automated electro sphygmomanometer for blood pressure
measurement and explain its operation. (13)

22. Discuss about the different techniques used to measure heart rate.
UNIT – IV
PART – B

23.Sketch the block diagram of X- RAY machine and explain its operation.

24. Describe the working principle of computer tomography.

25. Discuss with necessary diagram of magnetic resonance imaging system.

26. Write short notes on ultrasonography.

27. Draw and explain working principles of the endoscopy

28. Discuss about the different types of telemetry system.
29. Discuss about the laser in biomedicine.
UNIT – V
PART – B

30. Discuss with necessary diagram of Cardiac pacemakers.

31. Sketch the block diagram of defibrillators ventilators and explain its operation.

32. Draw and explain working principles of the diathermy.

33. Describe the working principle of heart lung machine.

34. Briefly explain with neat sketch of artificial kidney artificial heart.
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35. Write short notes of

i.

limb prosthetics

ii. orthotics
iii. muscle stimulators
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USEFUL VIDEO LINK

UNIT I

ANATOMY, PHYSIOLOGY AND TRANSDUCERS

Brief review of human physiology and anatomy
https://www.youtube.com/watch?v=YgnGPw4AxO0
cell and their structures
https://www.youtube.com/watch?v=URUJD5NEXC8
action and resting potential
https://www.youtube.com/watch?v=ZY6CL2D_SpA
different types of electrodes
https://www.youtube.com/watch?v=cP1h_uuXBR4
sensors used in biomedicine
https://www.youtube.com/watch?v=dmlDFY7eNLo
selection criteria for transducers and electrodes
https://www.youtube.com/watch?v=FYggY7LLDrw
necessity for low noise pre- amplifiers
https://www.youtube.com/watch?v=7UGEvcXlRlw
difference amplifiers
https://www.youtube.com/watch?v=ltVspUteuuI
chopper amplifiers
https://www.youtube.com/watch?v=J19rRjKV7kk
electrical safety – grounding and isolation.
https://www.youtube.com/watch?v=lnM3J5auQBk

UNIT II

ELECTRO – PHYSIOLOGICAL MEASUREMENT

ECG
https://www.youtube.com/watch?v=5zwIKWqOqOc
EEG
https://www.youtube.com/watch?v=SmiTJ0ubzPo
EMG
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https://www.youtube.com/watch?v=4kkIvP1jNLA
ERG
https://www.youtube.com/watch?v=lgTpsuUdF3E&t=2s

UNIT III

NON – ELECTRICAL PARAMETER MEASUREMENTS

Measurement of blood pressure
https://www.youtube.com/watch?v=f6HtqolhKqo
blood flow cardiac output
https://www.youtube.com/watch?v=hpQFToprlH8
cardiac rate
https://www.youtube.com/watch?v=ke1zlgXaaSg
heart sound
https://www.youtube.com/watch?v=dBwr2GZCmQM
measurement of gas volume
https://www.youtube.com/watch?v=dcqa4md4pAg
flow rate of CO2 and O2 in exhaust air
https://www.youtube.com/watch?v=_-iKtGOlkKI
pH of blood
https://www.youtube.com/watch?v=C_uvyLU4d8s&t=2s
https://www.youtube.com/watch?v=iA09GPUE2h8
ESR and GSR measurements.
https://www.youtube.com/watch?v=YodW4rz65bY

UNIT IV

MEDICAL IMAGING PARAMETER MEASUREMENTS

X- RAY machine
https://www.youtube.com/watch?v=hTz_rGP4v9Y
computer tomography
https://www.youtube.com/watch?v=0OdNI3lSgLc
magnetic resonance imaging system
https://www.youtube.com/watch?v=E44W54z_Ykw
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ultrasonography
https://www.youtube.com/watch?v=X8ab6NAIV5I
endoscopy
https://www.youtube.com/watch?v=F6hdQJdWFkk
different types of telemetry system
https://www.youtube.com/watch?v=SbW1dBHvDzA
laser in biomedicine
https://www.youtube.com/watch?v=JlpRgsfMZUk

UNIT V

ASSISTING ANDTHERAPETIC DEVICES

Cardiac pacemakers
https://www.youtube.com/watch?v=53_jyoA47Fk
defibrillators ventilators
https://www.youtube.com/watch?v=V8VIw0fk4X0
muscle stimulators
https://www.youtube.com/watch?v=zNBVQPvlX6g
diathermy
https://www.youtube.com/watch?v=xGqN2IWjBsA
introduction to artificial kidney artificial heart
https://www.youtube.com/watch?v=YKesLS2j2WU
https://www.youtube.com/watch?v=fjISP5n939o
heart lung machine
https://www.youtube.com/watch?v=RmwMzw_YTNU
limb prosthetics
https://www.youtube.com/watch?v=9NOncx2jU0Q
orthotics
https://www.youtube.com/watch?v=wKlnK7_CwOs
elements of audio and visual aids
https://www.youtube.com/watch?v=lWldaog5Ix8
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CONCLUSION
The students should be able to Understand the Fundamentals of Biomedical Engineering. To
study about communication mechanics in a biomedical system with few examples and its
applications and also Understands the basic principles in imaging techniques. The Acquires basic
knowledge in life assisting devices in bio medical field and also known the Acquires basic
knowledge in life therapeutic devices
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