UNIT - IV

PHYSICAL MEDICINE AND BIOTELEMETRY

Diathermies – Shortwave, Ultrasonic and microwave type and their applications, Surgical Diathermy, Biotelemetry
1.   DIATHERMY

Explain the working principle of a diathermy unit with a neat block diagram. [Nov/Dec 2016][April/May

2016][May/June 2006][April/May 2008][Nov/Dec 2016]

1.1 Introduction

  When heat is applied to the particular area of the body, the temperature of the tissue increases.

  Due to dilation of blood vessels, the flow of blood increases at that area.

  Various methods are used to raise the tissue temperature.

  One of them is called as external method or conductive heating.

  The main disadvantage of this method is, it increases the skin temperature but the heat does not penetrate very deeply into the body.
  The devices used for the purpose of external heating are hot compressors, infra-red lamp, etc.

  The externally used heat sources like hot towels, heat lamps, and heating pads often produce inconvenience and discomfort to the patient.
  This results in the burning of skin before the penetration of adequate heat to the deeper tissues.

  Hence to overcome such demerits, diathermy technique is adopted.

  In this method the patient’s body becomes a part of electrical circuit, hence heat is produced within the body instead of transferring through the skin.
  Diathermy is the treatment process by which cutting, coagulation of tissues are obtained.

1.2 Advantages of Diathermy

The advantages of diathermy technique are as follows,

  The treatment can be controlled easily.

  Use of appropriate electrodes permits the heat to be localized only in the region to be treated.
  Amount of heat that is to be delivered can be adjusted accurately.

  Inter lying tissues, muscles, bones, internal organs, etc., can be provided with heat by using high frequency energy.
1.3 Types of Diathermy:

The types of diathermy techniques used are as follows:

  Short-wave diathermy

  Microwave diathermy

  Ultrasonic diathermy
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  Surgical diathermy

The  short-wave  and  microwave  diathermy involves  electromagnetic  effects  and  the  ultrasonic diathermy uses mechanical effect.
1.3.1 Short-wave Diathermy

Draw the block diagram of short wave and microwave diathermy and explain in detail. [April/May

2019][May/June 2016][April/May 2018][Nov/Dec 2017][April/May 2017][Nov/Dec 2016]

  Short-wave diathermy involves high frequency of 27.12 MHz and wavelength of 11m.

  Since high frequency currents are used, the motor and sensory nerves are not stimulated and there is no muscle contraction.
  This method has no discomfort to the patient.

  The basic operation of the short-wave diathermy unit can be explained with the help of block diagram as shown below.


Fig 1.1 Short-wave diathermy unit – Block diagram

  The output of RF oscillator is given to the patient electrodes.

  The RF energy heats the tissues and helps in heating of injured tissues.

  The power delivered by the unit is about 500 W.

  The intensity of the current used can be regulated and adjusted.

  The electrodes are not directly in contact with the skin.

  Usually layers of towels are interposed between the metal and surface of the body.

  There are two methods of short-wave diathermy, they are: (i) Capacitive method
(ii) Inductive method

Capacitive method

  Here, the patient electrode pads form a capacitor plates and the body tissues between the pads act as a dielectric.
  Thus the whole arrangement forms a capacitor.

  When the RF current is applied to the electrodes, the capacitor produces heat in the interlying tissues.
  This technique is called as capacitive method.
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Inductive method (Inductothermy)

Fig 1.2 Capacitive method

  In the inductive method a flexible cable is coiled around the arm or knee or any other portion of the body which is to be treated.
  This is used where the plate electrodes are inconvenient to use.

  When the electrostatic field set up is given between the ends of the cable, deep heating of the tissue occurs.
  The superficial tissues are heated by the eddy currents that are produced due to the magnetic field around the cable. This technique is also called as Inductothermy.


Fig 1.3 Inductive method

  Then instead of using continuous RF waves, RF pulses are used.

  This technique is called Diapulse short-wave diathermy.

Advantages:

  Heating rate of tissue is increased.

  Depth of penetration of RF waves can be easily adjusted.

  There is no danger of burns or irritation and the patient has no discomfort.

1.3.2 Microwave Diathermy

  In this method the tissues are heated by the absorption of microwave energy.

  The frequency used is about 2450MHz with a corresponding wavelength of 12.55 cm.
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  Better results are obtained by the microwave method and it is more advantageous than the short wave method.
  Here, there is no usage of pad electrodes and flexible cable.

  Microwave is transmitted into body and treats directly from the direction of the unit.

  Usually microwaves are produced with the help of magnetron.

  A time period of 3 to 4 minutes is required for heating of magnetron.

  A lamp light arrangement is provided to indicate that the magnetron is ready to deliver its output.

  Proper cooling arrangements are made for the purpose of cooling the magnetron.

Precautions

  Necessary precautions should be taken during this method of treatment.

  Excessive dosage causes skin burns and the skin should be dry as the waves are rapidly absorbed by water.
Disadvantages

  Patients with implanted pacemaker should not undergo this treatment.

  There are possibilities of overheating.

  Care should be taken while the treatment is made near the eyes.

1.3.3 Ultrasonic Diathermy

  Ultrasonic diathermy is used for curing the diseases of peripheral nervous system, skeletal muscle system and skin ulcers.
  It is adopted when the short-wave treatment has failed and it helps to achieve the localization of heat to the affected part.
  The heating effect is produced in the tissues by the absorption of ultrasonic energy.

  The absorption effect is similar to that of a micro massage.

  Ultrasonic massage is better than the manual massage because the micro massage provides a greater depth of massage without causing any pain to the patient.


Fig 1.4 Block diagram of ultrasonic diathermy

  The piezo-electric transducer is excited by the high frequency alternating current produced by the

RF oscillator.
  The ultrasonic output waveform from the piezo electric transducer is used for the purpose of treatment.
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  The ultrasonic waves can be applied in continuous mode or pulse mode.

  Micro massage is obtained without any thermal heating in the pulsed mode.

  The metal face plate in the crystal is made to vibrate due to the oscillations of the crystal and ultrasonic waves are emitted from this plate.
  The frequency range of 800 KHz to 1 MHz is suitable for the ultrasonic method of treatment.

  The timer is an electrically operated contact which can be set upto 15 minutes and gets switched off after the preset time.
  The transducer probe is in direct contact with the patient and it can be moved up and down or circularly around the treatment area for uniform distribution of ultrasonic energy.
1.3.4 Surgical Diathermy
Write short notes on Surgical Diathermy.                                                                            [May/June 2016] Explain the working principle of surgical diathermy unit with a neat block diagram.        [Nov/Dec 2018]




















Fig 1.5 Surgical diathermy machine

  Apart from the thermal and therapeutical applications, the high-frequency currents are also used for surgical purposes like cutting and coagulation.
  The frequency of current used here is 1 to 3 MHz (low-frequency currents are not suitable for this method).
Cutting

  When a high frequency current flows through sharp edge of a wire or the point of a needle into the tissue, there is a high concentration of current at this point.
  The tissues get heated and as a result the cells immediately under the electrode are torn apart by the boiling of cell fluid.
  The other electrode called indifferent electrode has large area of contact with the patient and the RF

current passed through it induces only a very little heat at the electrode.

  This type of tissue separation is called as electrosurgical cutting.
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Coagulation

Fig 1.6 Cutting RF waveform

  The coagulation process is achieved by the high frequency current flowing through the tissue and results in heating and coagulation.
  The process of coagulation is accompanied by a grayish-white discoloration of the tissue at the edge of electrode.
  Better coagulation is achieved by high frequency currents as this does not cause burning.

  The continuous radio-frequency current is used for cutting and burst wave radio-frequency is used for coagulation.
  The electrode melts through the tissues and seals capillaries and other vessels. Even if the high-

frequency surgery is not used, the method of electro-coagulation can be used.





Advantages

Fig 1.7 Coagulation waveform

  It provides simple and effortless surgery.

  This coagulation method prevents the contamination of bacteria.

  Simplified method of coagulation saves time.

  Bleeding can be arrested immediately by touching the spot with the coagulation electrode.

1.3.4.1 Electrosurgical diathermy

  Center logic board is used to produce the waveform for cutting, coagulation, etc.

  Astable multivibrator is used to generate the required pulses.

  250 KHz frequency signal is used for cutting.

  The generated frequency is given to the power amplifier.

  Here, push pull amplifier is used.

  The transformer is used at the output of the push-pull amplifier.

  So, stepping up and stepping down is possible.

  Class B – push pull amplifier is shown in the figure.

  Audio tone generator is used to heat the 1 KHz signal which is used for coagulation.
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Fig 1.8 Block diagram of electrosurgical diathermy

  Isolation switch board is used to provide the isolation between main supply and the diathermy blocks.
  Foot switch is used to avoid the explosion formed by the existence of anesthesia gas used for the patient near the electrical contact.
  Now, finger switch is mostly used, because, in emergency, the persons in the operating room can press the foot switch without the proper preparation.
  So, the operator gets the supply by using Finger switch only.



Fig 1.9 Class-B push-pull amplifier

**************************************************************************************

2.   Bio Telemetry

What is bio telemetry? Explain the working of single channel and multi channel ECG telemetry system. [May/June 2016][Nov/Dec 2007][May/June 2006]
What are the components of biotelemetry system? Briefly discuss about biotelemetry.    [April/May 2019] Describe the working of biotelemetry system.                                                                        [Nov/Dec 2018]
  Bio-telemetry is the measurement of biological parameters over long distances.

  For conveying biological information from a living organism and its environment to a different location where this can be recorded.
  This involves radio frequency signal as a carrier for modulation, referred to as radio-telemetry.
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2.1 Elements of Biotelemetry

The essential blocks of a bio-telemetry system are shown below.



Fig 2.1 Block diagram of a bio-telemetry system

  The biological signal may be ECG, EEG, and EMG.

  The biological information is converted into corresponding electrical signal by using transducer.

  It converts one form of energy into another form.

    For measuring ECG, EEG, EMG  Electrodes act as transducer

    For measuring temperatures  Thermistor is used as transducer

    For measuring blood pressure  Strain gauge is used as transducer

    For measuring stomach pH  Glass electrode is used as transducer

  The signal (electrical) is not sufficient for transmission because they are weak in nature.

  So sufficient amplification and condition is needed.

  For that purpose conditioner element is provided.

  The transmission link provides a link between the transmitter and receiver. i.e, it changes the electrical signal sufficient for transmission.
  It modulates the signal as frequency modulated and allow for transmission.

  The read out devices are used to read the received signal.

  Some of the read out devices are video recorder, tape recorder, cathode ray oscilloscope, x-y recorder.
2.2 Design of Biotelemetry

  The telemetry system should be selected to transmit the bio-electric signal with maximum fidelity and simplicity.
  The system should not affect the living system by any interference.

  Smaller in size and light in weight.

  It should have more stability and reliability.

  The power consumption at the transmitter and the receiver should be small.
  The system should reject common mode interference rejection i.e., High CMRR can be provided to the system by using differential amplifier.
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  The miniature radio telemetry system should be used to reduce noise.

2.3 Radio Telemetry Systems

With suitable diagram, explain how the ECG signal can be transmitted using single channel telemetry systems.                                                                            [Nov/Dec 2016][April/May 2017][April/May 2018] The telemetry system involves radio transmission and reception of biosignals. They are:
(i) Single channel telemetry system

(ii) Multi channel telemetry system

2.3.1 Single channel telemetry system

  For a single channel telemetry system, a miniature battery operated radio transmitter is connected to the electrodes of the patients.
  The transmitter broadcasts the biopotential to a remote place in which the receiver detects the radio signal and recovers signal for further processing.
  The receiving system can even be located in a room separately from the patients.

  The only risk is shock to the patient.

  It is due to the battery powered transmitter itself.

  Since it is kept low, there is negligible risk to the patient.



Fig 2.2 Block diagram of a typical single channel telemetry system

  Biosignal from the patient is converted into electrical signals by the transducer.

  Then they are amplified and filtered at the conditioner.

  Further they are frequency modulated or pulse modulated.

  Frequency modulation provides the high noise interference rejection and high stability.

  Amplitude modulation is not adopted because when relative motion occurs between transmitter and receiver, the signal amplitude will be varied and thus introduces serious error.
  The biosignals are amplified to radio frequency range of few hundred KHz to about 300 KHz and then they are transmitted by transmitter antenna.
  At  radio  receiver  the  corresponding  frequency  are  received  and  then  they  are  demodulated,

amplified and displayed.


UNIT – IV                                               PHYSICAL MEDICINE AND BIOTELEMETRY                                         Page 9
Prepared by, L.Megala M.E., Assistant Professor / ECE, V.R.S.C.E.T, Arasur
Transmission of Bioelectric variables – Various methods

(i) Active measurements: Bioelectric variables like ECG, EMG and EEG are measured directly without using any excitation voltage.
(ii) Passive measurements: The physiological variables like blood pressure, temperature, blood flow are measured indirectly by using this method. The bridge unbalance voltage obtained from the variations of these variables is measured.
1. Tunnel Diode FM Transmitter (For transmitting ECG, EEG, EMG, and Respiration Rate)



Fig 2.3 Single channel FM transmitter

  The tunnel diodes exhibit a specific characteristic known as negative resistance.

  They have extremely low values of inductance and capacitance.

  It is used for the transmission of EMG, ECG, respiration rate, etc.

  In this type, tunnel diodes are used as active devices and this circuit  has higher fidelity and sensitivity.
  Total weight is 1.44 gm with battery and the size is small.

  These are the advantageous factors of this circuit. Some specifications are given below. (a) Radio frequency used is 100 to 250 MHz
(b) Frequency range is 0.01 Hz to 20 KHz

(c) Input impedance is 300 KΩ to Mega Ωs

(d) Temperature stability of carrier frequency is 0.05% / oC

  Varactor diode is basically a reverse biased PN junction which utilizes the inherent capacitance of depletion layer.
  Varactor diodes (dV) are voltage capacitors used for frequency modulation.

  The other names of varactor diode are varicap, voltcap, tuning diode.

  The signal is transmitted through the inductor ‘L’ of the tank circuit of RF oscillator.

Advantages

  All the signal can be transmitted by using this circuit

  No shielded room is needed.

  Interference is much reduced.
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2. Hartley type FM transmitter

  It consists of two stages, first stage is known driver amplifier stage and second stage is known as oscillator circuit stage.
  R4, R5, R1, R2, R3 are used as Biasing Resistors.

  The capacitor C and inductor L form the tank circuit component of Hartley oscillator.

  The capacitor C1 is coupling capacitor.

  Q1 is the driver amplifier transistor and it drives the next stage.



Fig 2.4 Hartley type transmitter

  Q2 transistor is used in oscillator circuit.

  By using LC tank circuit, the specified frequency can be designed.

  The capacitance between the emitter and base of transistor (VBE) is voltage sensitive and is used to modulate the carrier frequency.
  Amplitude of input signal may vary from 10 µV to several millivolts.

  The distance between TX and RX is varied from few meters to 30 meters.

  Bandwidth of the signal is varied from 100 Hz to 1 KHz.

3. Pulsed Hartley Oscillator (Transmission of Temperature Signals)



Fig 2.5 Pulsed Hartley oscillator
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  It is used for transmission of temperature signals.

  L1, L2, C1 forms the tank circuit of Hartley oscillator.

  To measure temperature, a thermistor is placed in the place of R.

  To measure pressure, the pressure changes should be given to move the core ‘M’.

  To measure pH or any voltage, suitable electrodes are connected in the input side.

  The transducer and conditioner are integrated into the components of the oscillator-transmitter.

  Continuous wave operation can be obtained by reducing the value of resistor R.

Advantages

  The circuit is simple.

  It consumes low power (from 5 µW to 10 µW)

Disadvantages

  Error can be produced by the power supply voltage variations.

  Interference can be generated over wide frequency band (due to self blocking pulsed carrier mode operation).
Radio Telemetry with Sub-carrier system

Explain the working of a biotelemetry system with sub-carrier.                                           [Nov/Dec 2017]




















Fig 2.6 Bio-telemetry using sub-carrier system

This system is used for continuous measurement.

Need of Sub-carrier System

At the transmitter side:

  When  the  position  of  transmitter  to  the  body  or  other  conduction  object  change,  the  carrier frequency and amplitude will change, due to the loading change of the carrier frequency resonant circuit.
  If the signal has a frequency different from the loading effect, they can be separated by filters.

  Otherwise the real signal will be distorted by loading effect.

  To avoid this loading effect the sub-carrier system is needed.
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  The signal is modulated on a sub-carrier to convert the signal frequency to the neighborhood of the sub-carrier frequency.
  Then the R.F carrier is modulated by this sub-carrier carrying the signal.

  The 20 KHz sub-carrier signal is given to amplitude modulator.

  It is then given to frequency modulator circuit to frequency modulate the 100 MHz R.F carrier.

  The signals are amplified and forwarded to the transmitter.

At the receiver side:

  At the receiver end, the receiver detects the R.F and recovers the sub-carrier carrying the signal.

  At the receiver side, the signals are passed to demodulator, demodulated signal is filtered, amplified by amplifier and then they are given to additional demodulator.
  It is used to convert the signal from the modulated subcarrier and to get the original signal.

  Finally this signal is displayed.

2.3.2 Multi Channel Telemetry system

***Write short notes on frequency selection for telemetry applications.                          [April/May 2016] Need
  For most biomedical applications, simultaneous recording of bio signals are required for correlation

study.

  Each signal is in need of one channel.

  When the number of channels is more than the two or three, the simultaneous operation of the several single channels is difficult.
  At that time multiple channel (multiplex) telemetry system is adopted.

  Two types of multiplexing are used. (i) FDM
(ii) TDM

(i) Frequency Division Multiplex system (FDM)



Fig 2.7 Frequency Division Multiplex System
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  Each signal is frequency modulated on a sub-carrier frequency.

  Then these modulated sub-carrier frequencies are combined to modulate the R.F carrier.

  Then they are transmitted by using the FM transmitter and antenna.

  At the receiver side the modulated sub-carrier can be separated by the proper band pass filter.

  Then the each signal is demodulated by using specified frequency.

  The frequency of the sub-carrier has to be carefully selected to avoid interference.

  The low pass filter is used to extract the signals without any noise.

  Finally, the output unit displays the original signal.

2. Time Division Multiplex Telemetry System



Fig 2.8 Time Division Multiplex Telemetry System

  Since  most  biomedical  signals  have  low  frequency  bandwidth  requirement,  we  can  use  time division multiplex system by time sharing scheme.
  The transmission channel is connected to each signal channel input for a short time to sample and transmit that signal.
  Then the transmitter is switched to the next input signal channel in a definite sequence.

  When all the channels have been scanned once, a cycle is completed and the next cycle will start.

  Scanning follows an order from signal 1 to signal 3.

  At the receiver, the process is reversed.

  The sequentially arranged, signal pulses are given to the individual channels by using Gate signal

Generator.

  If the number of scanning cycles per second is large and if the transmitter and the receiver are synchronized, the signal in each channel at the receiver side can be recovered.
  But the scanning frequency has to satisfy the following condition. fscan > 2 fmax
Scanning frequency > 2 x Maximum signal frequency
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  The maximum number of channels, n =

Tn   =             Scanning  p eriod 	
t n          Samp ling time of each channel

  The number of channels practically allowed is smaller than the calculated value of ‘n’ to avoid the

interference between channels.

Problems in Implant Telemetry

  For long term telemetry, implant telemetry is very useful.

  The full electronic circuit is packed as a capsule and then implanted deep in the body to be closer to the signal source and to avoid the mechanical difficulties of surface mounted units for long-term observation.
  The size and weight limitations are much more serious and the reliability requirement is more critical.

  Reliability means the life time of a specified circuit. It should be good.

  Body Reaction: Size, weight, surface condition and shape of the implant system will be affected by the body reaction.
  The medical grade metals used as enclosures causes little foreign body reaction on tissues.

  The various coating materials used in electronic circuits is silicon, rubber, epoxy, plastics, paraffin, glass and metal.
  They are used to protect them from body fluid.

  At the time of scaling, the temperature should not be high because the electronic components may be affected by the temperature.
  Power Supply: Two special power supplies are used for long term implant telemetry units.

  They are:

  Environmental power supply: Radio induction has been applied to transmit   milliwatt          of power to the implanted telemetry unit for months.
  Microwatt power supply circuits using Piezo electric crystals placed on any blood vessel or aorta.
Advantages of Biotelemetry

	It is used to record the biosignals over long periods and while the patient is engaged in his normal activities.
	The  medical  attendant  or  computers  can  easily  diagnose  the  nature  of  disease  by seeing  the telemetered biosignals without attending patient room.
    Patient is not disturbed during recording.

    For future reference or to study the treatment effect, the biotelemetry is the essential one.

    For recording on animals, particularly for research, the biotelemetry is greatly used.

    For monitoring the persons who are in action, the biotelemetry is an ideal one.

    Biotelemetry is extended for monitoring patients in a hospital from a remote location.
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    Now, Tamilnadu government had taken great effort to implement this Bio Telemetry system.

	For monitoring astronauts in space, for monitoring patients who are on the job or at home and carrying implanted pacemakers or other stimulators.
    It is used to monitor the athletes running a race.

**************************************************************************************

3. Telemetry

What is telemetry? Mention the application of telemetry. [Apr/May 2007, Apr/May 2008, Nov/Dec 2006]

  Telemetry is a technology that allows remote measurement and reporting of information.

  The word is derived from Greek roots tele = remote, and metron = measure.

  Systems that 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 or infrared systems), it also encompasses data transferred over other media, such as a telephone or computer network, optical link or other wired communications.
  Many modern telemetry systems take advantage of the low cost and ubiquity of GSM networks by using SMS to receive and transmit telemetry data.
3.1 Applications

Motor racing

  Telemetry is a key factor in modern motor racing.

  It allows race engineers to interpret the vast amount of data collected during a test or race, and use that to properly tune the car for optimum performance.
  Systems used in some series, namely Formula One, have become advanced to the point where the potential lap time of the car can be calculated and this is what the driver is expected to meet.
  Some examples of useful measurements on a race car include accelerations (G forces) in 3 axis, temperature readings, wheel speed, and the displacement of the suspension.
Agriculture

  Most activities related to healthy crops and good yields depend on timely availability of weather and soil data.
  Therefore, wireless weather stations play a major role in disease prevention and precision irrigation.

  These  stations  transmit  major  parameters  needed  for  good  decisions  to  a  base  station:  air temperature and relative humidity, precipitation and leaf wetness (for disease prediction models), solar radiation and wind speed (to calculate evapotranspiration), water deficit stress (WDS) leaf sensors and soil moisture, crucial to  understand the progress of water into soil and roots for
irrigation decisions.




UNIT – IV                                               PHYSICAL MEDICINE AND BIOTELEMETRY                                      Page 16
Prepared by, L.Megala M.E., Assistant Professor / ECE, V.R.S.C.E.T, Arasur
Water management

  Telemetry has become indispensable for water management applications, including water quality and stream gauging functions.
  Major  applications  include  AMR  (automatic  meter  reading),  groundwater  monitoring,  leak detection in distribution pipelines and equipment surveillance.
Defense, space and resource exploration systems

  Telemetry is an enabling technology for large complex systems such as missiles, RPVs, spacecraft, oil rigs and chemical plants because it allows automatic monitoring, alerting, and record-keeping necessary for safe, efficient operations.
  Space agencies such as NASA, ESA, and other agencies use telemetry/telecommand systems to collect data from operating spacecraft and satellites.
  Telemetry is vital in the development phase of missiles, satellites and aircraft

  Without telemetry, these data would often be unavailable.

Rocketry

  In rocketry, telemetry equipment forms an integral part of the rocket range assets used to monitor the progress of a rocket launch.
  Some special problems are the extreme environment (temperature, accelerations, vibration), the energy supply, the precise alignment of the antenna and (at long distances, e.g. in spaceflight) the signal travel time.
Flight test

  Flight test programs typically telemeter data collected from on-board flight test instrumentation over a PCM/RF link.
  This data is analyzed in real-time for safety reasons and to provide feedback to the test pilot.

  Particular challenges for telemetering this data includes fading, multipath propagation and the

Doppler Effect.

  The bandwidth of the telemetry link is often insufficient to transfer all the data acquired and therefore only a limited set is sent to the ground for real-time processing
Enemy intelligence

  Telemetry was a vital source of intelligence for the US and UK when Soviet missiles were tested.

  For this purpose, the US operated a listening post in Iran.

  Eventually, the Russians discovered this kind of US intelligence gathering and encrypted their telemetry signals of missile tests.
  Telemetry was a vital source for the Soviets who would operate listening ships in Cardigan Bay to eavesdrop on the UK missile tests carried out there.
Energy monitoring
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  In factories, buildings, and houses, energy consumption of systems such as HVAC are monitored at multiple locations, together with the related parameters (e.g. temperature) via wireless telemetry to one central location.
  The  information  is  collected  and  processed  enabling  intelligent  decisions  regarding  the  most efficient use of energy to be implemented.
  Such systems also facilitate predictive maintenance.

Resource distribution

  Many resources need to be distributed over wide areas.

  Telemetry is essential in these cases, since it allows the system to channel resources to where they are needed.
Medicine

  Telemetry also is used for patients (biotelemetry)  who are at risk of abnormal heart activity, generally in a coronary care unit.
  Such patients are outfitted with measuring, recording and transmitting devices.

  A data log can be useful in diagnosis of the patient's condition by doctors.

  An  alerting  function  can  alert  nurses  if  the  patient  is  suffering  from  an  acute  or  dangerous condition.
  Also a system that is available in medical-surgical nursing to monitor a condition where heart condition may be ruled out.
Fisheries and wildlife research and management

  Telemetry is now being used to study wildlife, and has been particularly useful for monitoring threatened species at the individual level.
  Animals under study may be fitted with instrumentation ranging from simple tags to cameras, GPS

packages and transceivers to provide position and other basic information to scientists and stewards.

  Telemetry is used in hydro acoustic assessments for fish which have traditionally employed mobile surveys from boats to evaluate fish biomass and spatial distributions.
  Conversely, fixed-location techniques use stationary transducers to monitor passing fish.

Electrical energy providers

  In some countries telemetry is used to assess the amount of electrical energy users have consumed.

  The  electricity meter  communicates  with  a  concentrator  and  the  latter  sends  that  information through GPRS or GSM to the electrical energy provider's server.
Falconry

  In falconry, "telemetry" means a small radio transmitter carried by a falconry bird to let the bird's owner track it when it is out of sight.
**************************************************************************************
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4. Electrical safety

Explain the physiological effects of current at 50 Hz.     [Nov/Dec 2006][Nov/Dec 2010][May/June 2016] State the influence of leakage current in cardiac patients and explain in detail about the preventive method.                                                                                                                                    [Nov/Dec 2018] What is the need of electrical safety in hospital? Discuss the various physiological effects of electricity. [April/May 2018]
4.1 Physiological Effects due to 50 Hz Current passage

  Patients and hospital equipment users are susceptible to shock, because they must make physical contact with the hardware.
  The physiological effects of shock range from discomfort to injury to death.

  An electrical shock is a physiological response to current i.e. electrical shock cause an unwanted cellular depolarization and its associated muscular contraction, or it may cause cell vaporization and tissue injury.
4.2 Physiological Effects of current at 50 Hz (Macro shocks, they are distributed over large areas)

	Type of current
	Current Range
	Physiological Effect

	Threshold
	1 – 5
	Tingling sensation

	Pain
	5 – 8
	Intense or painful sensation

	Let-go
	8 – 20
	Threshold of involuntary muscle contraction

	Paralysis
	> 20
	Respiratory paralysis and pain

	Fibrillation
	80 – 1000
	Ventricular and heart fibrillation

	Defibrillation
	1000 – 10,000
	Sustained     myocardial     contraction,     temporary

respiratory paralysis and possible tissue burns


  Let-go current is the minimum current to produce muscular contraction.

[For men  About 16 mA, for women  About 10.5 mA]

  Between 5 Hz to 200 Hz, value of let-go current is so low.

  Above 200 Hz, let-go current is directly proportional to the logarithm of frequency.

**************************************************************************************

5. Macro shock and Micro shock

Discuss briefly on macroshock and microshock.          [Nov/Dec 2010][May/June 2006][April/May 2017] Define  leakage  current.  Explain  the  impact  of  leakage  in  cardiac  patient  and  discuss  about  the prevention methods.                                                                                                                 [Nov/Dec 2017]
5.1 Macro Shock

  A physiological response to a current applied to the surface of the body that produces unnecessary stimulation like muscle contractions or tissue injury is called macro shock.
  The hospital patients and medical attendants are exposed to macro shocks from defective electrical devices and biomedical equipment.
5.2 Micro Shock

  A physiological response to a current applied to the surface of the heart that results in unwanted stimulation like muscle contractions or tissue injury is called micro shock.
  Micro shock occurs when currents in excess of 10 µA flow through an insulated catheter to the

heart.

Macro shock to Micro shock

Current          Current lever

1000      :         1

  Macro shock can cause heart fibrillation, results in patient’s death i.e. current applied directly to the

heart.

  Shock is defined in terms of current, because the voltages that produce the currents are highly variable.
  The variance in voltage is caused by wide variation in skin resistance among individuals and among different clinical situation.
1. Dry skin

2. Electrode gel on skin

3. Penetrated skin

5.3 Micro Shock Hazards

  Many devices have a metal basis and cabinet that can be touched by the medical attendants and patients.
  If they are not grounded, then an insulation failure or short circuit results and lead to macroshock or microshock.
  Hence the patients must be isolated or insulated from the electrical circuit.

5.4 Factors

(a) Leakage current: The leakage current is due to: (i) Ungrounded equipment
(ii) Broken ground wire

(iii) Unequal around potentials

  Leakage current is an extraneous current flowing along a path other than those intended.

  It could be due to resistive, inductive or capacitive couplings with the mains or some electric equipment.
(b) Static Electricity

  Static electricity may be dangerous to people and sensitive equipment having integrated circuits.
  Sparks from static electricity could ignite flammable gases causing an explosion.

  Shocks from static electricity could cause cardiac arrest, if applied to a pacing patient.

  Floor carpeting is common source for static electricity charge build up.

(c) Interruption of power

  Interruption of electrical power to life support equipment can also be dangerous.

  If a delay occurs before emergency power is brought into operation, the failure of a respirator monitor, defibrillator, pacemaker or other life support equipment can be fatal.
  The possibility of a power failure must be considered in the planning of a power distribution system.
Macro shock Hazards

  It occurs with two-wire systems than with three-wire systems. Hot H, Neutral N, Patient P leads. (Proper ground connection)
5.5 Devices to protect against electrical hazards (Macro to micro shock)

***Explain the working of a ground fault interrupter.                                                         [Nov/Dec 2016]

The devices used to protect against electrical hazards are,

  Ground fault interrupter

  Isolation transformer

5.5.1 Ground Fault Interrupter (GFI)

  It protects against the shock that occurs if a person touches the hot lead with one hand and the ground with the other.
  It consists of a magnetic coil on which hot lead and neutral lead be wound with same number of turns, but in opposite directions.
  When system is normal, IN = IH, magnetic flux ɸ in the coil due to these current cancels.

  Hence in the sensing coil, no voltage is induced.

  When hot leads faults, the fault current IF is shunted to ground.

IN = IH - IF [IN ≠ IH, hence flux are unequal, induces an voltage]

  If IF exceeds 2 mA for 0.2 second, relay opens the line and prevents a macro shock from injuring the person, as well as preventing further damage to the equipment.
Receptacle:

  The power delivery point in the hospital room consists of the outlets in the vicinity of the patient.

  The outlets should have 3-prong wall receptacles that meet the ground retention force requirements as per the relevant medical standards.
  These force requirements are very important to ensure that plugs on the medical devices do not fall out of the receptacle.
  Receptacle is to be tested for proper wiring, low ground resistance and mechanical tension.
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  The tension in the receptacle should not be so high.

  Otherwise it will destroy the plug cable.

5.5.2 Isolation transformer

  It protects against a H-lead to G-lead macro shock.

  It also prevents sparks when H-lead touches ground.

  Important protection in an explosive or flammable environment, such as user flammable anesthetics or excessive oxygen is present.
  This reduces the isolation from either secondary lead to ground and then to the other secondary lead. (ECG isolation amplifier circuit)


Fig 5.1
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UNIT –IV

PHYSICAL MEDICINE AND BIOTELEMETRY Two Marks Question & Answers
1.   What is diathermy?                                                  [April/May 2011][Nov/Dec 2007][Nov/Dec 2012]

  Diathermy is the treatment process by which cutting, coagulation of tissues are obtained.

  In this method, the patient’s body becomes a part of electrical circuit.

  Hence, heat is produced within the body instead of transferring through the skin.

2.   What are the advantages of diathermy?

The advantages of diathermy technique are as follows,

    The treatment can be controlled easily.

    Use of appropriate electrodes permits the heat to be localized only in the region to be treated.

    Amount of heat that is to be delivered can be adjusted accurately.

	Inter lying tissues, muscles, bones, internal organs, etc., can be provided with heat by using high frequency energy.
3.   What are the types of diathermy?                                                                                  [Nov/Dec 2007]

The types of diathermy techniques used are as follows:

  Short-wave diathermy

  Microwave diathermy

  Ultrasonic diathermy

  Surgical diathermy

The  short-wave  and  microwave  diathermy involves  electromagnetic  effects  and  the  ultrasonic diathermy uses mechanical effect.
4.   What is meant by short wave diathermy?

  Short-wave diathermy involves high frequency of 27.12 MHz and wavelength of 11m.

  Since high frequency currents are used, the motor and sensory nerves are not stimulated and there is no muscle contraction.
  This method has no discomfort to the patient.

5.   What are two methods of short wave diathermy?

There are two methods of short-wave diathermy, they are: (i) Capacitive method
(ii) Inductive method

6.   What is a capacitive method in diathermy?

  In the capacitive method, the patient electrode pads form a capacitor plates and the body tissues between the pads act as a dielectric.
  Thus the whole arrangement forms a capacitor.
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  When the RF current is applied to the electrodes, the capacitor produces heat in the interlying tissues.
  This technique is called as capacitive method.

7.   What is the inductive method (Inductothermy) in diathermy?

  In the inductive method a flexible cable is coiled around the arm or knee or any other portion of the body which is to be treated.
  This is used where the plate electrodes are inconvenient to use.

  When the electrostatic field set up is given between the ends of the cable, deep heating of the tissue occurs.
  The superficial tissues are heated by the eddy currents that are produced due to the magnetic field around the cable. This technique is also called as Inductothermy.
8.   Write the advantages of shortwave diathermy.

The advantages of shortwave diathermy are,

  Heating rate of tissue is increased.

  Depth of penetration of RF waves can be easily adjusted.

  There is no danger of burns or irritation and the patient has no discomfort.

9.   What is meant by microwave diathermy?

  In this method the tissues are heated by the absorption of microwave energy. The frequency used is about 2450MHz with a corresponding wavelength of 12.55 cm.
  Better results are obtained by the microwave method and it is more advantageous than the short wave method.
  Here, there is no usage of pad electrodes and flexible cable.

10. What are the disadvantages of microwave diathermy?

The disadvantages of microwave diathermy are,

  Patients with implanted pacemaker should not undergo this treatment.

  There are possibilities of overheating.

  Care should be taken while the treatment is made near the eyes.

11. What is ultrasonic diathermy?                                                                                        [Nov/Dec 2011]

  Ultrasonic diathermy is used for curing the diseases of peripheral nervous system, skeletal muscle system and skin ulcers.
  It is adopted when the short-wave treatment has failed and it helps to achieve the localization of heat to the affected part.
12. Mention the features of ultrasonic type diathermy.                                                      [Nov/Dec 2018]

  It helps to achieve the localization of heat to the affected part.
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  Ultrasonic diathermy is used for curing the diseases of peripheral nervous system, skeletal muscle system and skin ulcers.
  It is adopted when the short-wave treatment has failed.

  Ultrasonic massage is better than the manual massage because the micro massage provides a greater depth of massage without causing any pain to the patient
13. List the various techniques used in surgical diathermy.

The various techniques used in surgical diathermy are Cutting and coagulation.

14. Bring out the need for patient plate in surgical diathermy.                                         [Nov/Dec 2013]

Diathermy is a treatment process by which cutting, coagulations of tissues are obtained. It is found that when high frequency current in the range 1 -3 MHz is applied, heating of tissues take place.
15. What is meant by Biotelemetry?                                                                                 [April/May 2011]

  Bio-telemetry is the measurement of biological parameters over long distances.

  For conveying biological information from a living organism and its environment to a different location where this can be recorded.
  This involves radio frequency signal as a carrier for modulation, referred to as radio-telemetry.

16. Draw the block diagram of Biotelemetry system.                                                      [April/May 2019]



17. Mention the design of biotelemetry system.                                                                [May/June 2007]

The design of biotelemetry system is,

  The telemetry system should be selected to transmit the bio-electric signal with maximum fidelity and simplicity.
  The system should not affect the living system by any interference.

  Smaller in size and light in weight.

  It should have more stability and reliability.

  The power consumption at the transmitter and the receiver should be small.

  The  system  should  reject  common  mode  interference  rejection  i.e.,  High  CMRR  can  be provided to the system by using differential amplifier.
  The miniature radio telemetry system should be used to reduce noise.
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18. Mention the two radio telemetry system.

The two radio telemetry systems are

(i) Single channel telemetry system

(ii) Multi channel telemetry system

19. What is meant by single channel telemetry?                                                                 [Nov/Dec 2011] Single channel telemetry is used for the measurement of biological parameters over long distance. A miniature battery operated radio transmitter and receiver is used.
20. Name the various methods of single channel telemetry systems.

The various methods of single channel telemetry systems are,

    Tunnel Diode FM Transmitter (For transmitting ECG, EEG, EMG & Respiration Rate)

    Hartley type FM transmitter

    Pulsed Hartley Oscillator (Transmission of Temperature Signals)

    Radio Telemetry with Sub-carrier system

21. Write the two methods of multi channel telemetry system. (or) What are the choices of radio carrier  frequency  for  medical  telemetry  purposes?  (or)  List  the  two  types  of  multiplexing involved in multi channel wireless telemetry.                                      [Nov/Dec 2013][Nov/Dec 2016]
The two methods of multi channel telemetry system are: (i) Frequency Division Multiplexing (FDM)
(ii) Time Division Multiplexing (TDM)

22. Specify the problems in implant telemetry.

The problems in implant telemetry are,

  Mechanical difficulties

  Size and weight limitations

  Body reaction

  The temperature should not be high

23. Name the two power supply used for long term implant telemetry units.

The two power supply used for long term telemetry units are,

  Environmental power supply

  Microwatt power supply

24. Mention the advantages of biotelemetry.                                                                    [May/June 2009]

The advantages of biotelemetry are,

  It is used to record the biosignals over long periods and while the patient is engaged in his normal activities.
  The  medical  attendant  or  computers  can  easily  diagnose  the  nature  of  disease  by seeing  the

telemetered biosignals without attending patient room.
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  Patient is not disturbed during recording.

  For recording on animals, particularly for research, the biotelemetry is greatly used.

  For future reference or to study the treatment effect, the biotelemetry is the essential one.

  For monitoring the persons who are in action, the biotelemetry is an ideal one.

25. What is meant by telemetry?

Telemetry is a technology that allows remote measurement and reporting of information. The word is derived from Greek roots tele = remote, and metron = measure.
26. Mention the applications of telemetry.             [April/May 2011][May/June 2013][April/May 2017]

The applications of telemetry are,

  Motor racing

  Agriculture

  Water management

  Enemy intelligence

  Energy monitoring

  Fisheries and wildlife research and management

27. What are the Physiological Effects due to 50 Hz Current passage?

  Patients  and  hospital  equipment  users  are  susceptible  to  shock,  because  they  must  make physical contact with the hardware.
  The physiological effects of shock range from discomfort to injury to death.

  An  electrical  shock  is  a  physiological  response  to  current  i.e.  electrical  shock  causes  an unwanted cellular depolarization and its associated muscular contraction, or it may cause cell vaporization and tissue injury.
28. Name two different ways in which electricity can harm the body.                           [May/June 2012]

  An electrical shock is a physiological response to current. The two types of shock are macro shock and micro shock.
  A physiological response to a current applied to the surface of the body is called as macro shock.
  A physiological response to a current applied to the surface of the heart is called as micro shock.

29. What is microshock?                  [April/May 2011][April/May 2008][Nov/Dec 2007][Nov/Dec 2017]

A physiological response to a current applied to the surface of the heart that results in unwanted stimulation like muscle contractions or tissue injury is called micro shock.
30. What    is    macro    shock?    [April/May    2008][Nov/Dec    2007][May/June    2012][May/June

2013][Nov/Dec 2017]

A physiological response to a current applied to the surface of the body that produces unnecessary stimulation like muscle contractions or tissue injury is called macro shock.
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31. State the difference between micro and macro shock.                                                  [Nov/Dec 2018]

	Micro shock
	Macro shock

	1.   A  physiological   response  to   a  current

applied to the surface of the heart.

2.   It  results  in  unwanted  stimulation  like muscle contractions or tissue injury.
	A physiological response to a current applied to

the surface of the body.

It produces unnecessary stimulation like muscle contractions or tissue injury.


32. Specify the factors that cause micro shock hazards.

The factors that cause micro shock hazards are, (a) Leakage current
(b) Static Electricity

(c) Interruption of power

33. What is leakage current? How is leakage current caused?             [May/June 2007][Nov/Dec 2007]

The leakage current is due to:

(i) Ungrounded equipment

(ii) Broken ground wire

(iii) Unequal around potentials

  Leakage current is an extraneous current flowing along a path other than those intended. It could be due to resistive, inductive or capacitive couplings with the mains or some electric equipment.
34. Mention the devices to protect against electrical hazards. (Macro to micro shock) [May/June

2016][April/May 2018]

The devices to protect against electrical hazards are

  Ground fault interrupter (GFI)

  Isolation transformer

35. What is ground fault interrupter (GFI)?

GFI protects against the shock that occurs if a person touches the hot lead with one hand and the ground with the other.
36. What is Isolation transformer?

  The isolation transformer protects against a H-lead to G-lead macro shock.

  It also prevents sparks when H-lead touches ground.

  Important  protection  in  an  explosive  or  flammable  environment,  such  as  user  flammable anesthetics or excessive oxygen is present.
  This reduces the isolation from either secondary lead to ground and then to the other secondary lead. (ECG isolation amplifier circuit)
37. Define Let go current.                    [Nov/Dec 2016][Apr/May 2008][Nov/Dec 2011][May/June 2012]

  Let-go current is defined as the minimum current to produce muscular contraction.
  [For men  About 16 mA, for women  About 10.5 mA]

  Between 5 Hz to 200 Hz, value of let-go current is so low.

  Above 200 Hz, let-go current is directly proportional to the logarithm of frequency.

38. What are the different types of current?

The different types of currents are threshold current, pain current, let-go current, paralysis current, fibrillation and defibrillation current.
39. What is radiopill?                                               [May/June 2016][April/May 2011][May/June 2012]

    Radio pill contains transducer sensitive to pH, temperature and pressure.

	It is used for telemetering continuous information about one or various variables from one place to another.
40. List out the devices used in micro sensors.

The devices present in micro sensors are,

1. A silicon diode

2. An ion-selective field effect transistor (ISFET)

3. A pair of direct- -contact gold electrodes and

4. A 3-electrode electrochemical cell.

41. What is the function of a silicon diode?

The silicon diode is used to measure the body core temperature and also identify local changes associated with tissue inflammation and ulcers.
42. What is ISFET?

  ISFET is Ion-selective field effect transistor

  It is used to measure pH.

  It is used to determine the presence of pathological conditions associated with abnormal pH levels, particularly associated with pancreatic disease, hypertension, inflammatory bowel disease, the activity of fermenting bacteria, the level of acid excretion, reflux to the oesophagus and the effect of GI-specific drugs on target organs.
43. What is the function of gold electrodes?

  A pair of direct contact gold electrode is used to measure conductivity.

  The conductivity sensor is used to monitor the contents of the GI tract by measuring water and salt absorption, bile secretion and the breakdown of organic components into charged colloids.
44. What is the 3-electrode electrochemical cell?

  The 3-electrode electrochemical cell is used to detect the level of dissolved oxygen in solution.

  The oxygen sensor measures the oxygen gradient from the proximal to the distal GI tract.

  This enables a variety of syndromes to be investigated including the growth of aerobic bacteria or bacterial infection.
45. What does the term fulguration refer to?                                                                   [April/May 2018]

	The term ‘fulguration’ refers to superficial tissue destruction without affecting deep-seated tissues.
	This is undertaken by passing sparks from a needle or a ball electrode of small diameter to the tissue.
46. List the applications of diathermy.                                                                                 [Nov/Dec 2017]

The diathermy is used

    To treat muscle spams (or) tension

    Stiff joints

    Muscle joint pain

47. Define desiccation and haemostasis.                                                                           [April/May 2017]

	In desiccation, needle-point electrodes are stuck into the tissue and then kept steady. Depending upon the intensity and duration of the current, a high local increase in heat will be obtained. The tissue changes due to drying and limited coagulation.
	The concurrent use of continuous radio-frequency current for cutting and a burst wave radio- frequency for coagulation is called Haemostasis mode.
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