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Intraocular pressure (IOP)
• an important indicator monitored in clinical practice
• represents the ratio of formation and outflow of chamber water
• contributes to the preservation of the shape and protection of the eyeball 
• maintenance of oncotic pressure
• torr, mmHg
• normal IOP values 10-20 mmHg
• abnormal values → glaucoma, choroidal swelling,...
• influencing factors: age, genetics, gender, corneal thickness,...
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Tonometry = measurement of intraocular pressure
• NT corresponds to the force that must be exerted to achieve corneal applanation or 

impression
• previously palpation → approximate 
• Contact
• Contactless
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Impression tonometry 
Schiötz impression tonometer
• Principle: depth gauge with a conversion ratio of 1:20 

• one part = 0.05 mm corneal deformation

• deformation → rod perpendicular to the centre of the cornea 

• local anaesthesia, supine position

• standard force of piston forming impression - 5,5g 

-low accuracy

-the need to convert values according to Tab.

-tilt, full weight ton. on the eye → inaccuracies

-the experience of the examiner, the blinking of the patient
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Applanation tonometry
Goldmann Applanation Apparatus (GAT)
• The principle of measurement with the Goldmann Applanation Tonometer (GAT) consists in 

the deformation of the cornea, which occurs by applying a certain pressure of the device on 
the front surface of the cornea. The lower the NT, the more pressure is applied to the 
cornea under the given conditions and the more it deforms the cornea. At higher NT, on the 
other hand, the cornea is deformed less.

• The GAT is attached to the slit lamp and consists of several parts: the applanation double 
prism, the prism sleeve, the actual instrument body and the scale. Inside the body of the 
instrument there is a mechanism with a set of weights that transmits the force to the prism. 
The scale is located on the side near the rotary control by which the pressure of the pen is 
varied. The pen is then applied to a glass applanation body in the shape of a comical cone 
which comes into contact with the cornea.
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Applanation tonometry
Pascal's Dynamic Contour Tonometer (OPA)
• The PASCAL dynamic contour tonometer is a diagnostic device for measuring intraocular pressure and ocular pulse amplitude (OPA) using a 
piezoelectric sensor that is independent of the biomechanical properties of the cornea. PASCAL is specifically designed for the diagnosis of 
glaucoma. The advantage of the Pascal contour tonometer is the ability to measure IOP without the influence of corneal thickness on the 
accuracy of the measurement.

• Corneal anaesthesia is required prior to measurement. The cone is applied to the centre of the cornea. Electrical signals are generated 
when the cone comes into contact with the cornea. Their level is monitored throughout the measurement. If the sensor is moved away from 
the cornea, the signal level drops to zero and this zero value is taken as a reference. The instrument performs 100 measurements per second 
while constantly monitoring the signal level. The measurement takes 5-7 s. The results of the measured values are shown on the display. 
These are the IOP value, the ocular pulse amplitude value (IOP fluctuations caused by blood pulsation) and the quality index of the 
measurement Q in the range 1-5, where Q = 5 means very poor quality and Q = 1 means excellent quality.
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Applanation tonometry 
TonoPen
• movable piston with a diameter of 1.02 mm

• final value = average of several measurements (4-10) 

• battery power supply

• corneal anaesthesia

• applied perpendicular to the centre of the cornea + sitting and lying patient

+ portable

+ suitable for irregular, scarred corneas 

+ after laser refractive surgery

- daily calibration required
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Non-contact tonometry 
• Principle 

→ the cornea is sheathed by the air impact (1-3 m/s)

→ the air return time is measured. of the pulse 

→ ↑IOP, thus ↓ applanation

• screening examinations

+ no contact → no anaesthesia, no risk of infection 

+ fast, easy

- shock on impact

- more measurements needed → average

- inaccuracy → high astigmatism, corneal edema and scarring
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Diagnosis of the ocular background 
• examination of the back of the eye
• the status is being monitored: 

• retina
• optic nerve 
• vessels

• ophthalmoscope 
• slit lamp

• Optical Coherence Tomography (OCT)  
• fundus camera
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Ophthalmoscope
Ophthalmoscopy is an objective examination method that allows the examination of the background of the eye using an 
ophthalmoscope. Direct ophthalmoscopy uses an ophthalmoscope with a built-in light source and lens system. The 
examination takes place in a darkened environment. The examiner stands opposite the subject and observes the background  
from a distance of about 5-7 cm. The image is straight and magnified 16 times. Focus is achieved by moving the lens on the 
ophthalmoscope.
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Slit lamp
• The slit lamp is an instrument used for objective observation and examination of the eye, 

especially the anterior segment. The intraocular pressure, the chamber angle and the ocular 
background can also be examined with the aid of additional devices. It consists of an 
illumination system, a magnification system and a mechanical system. A halogen light 
source is used as the illumination system.

• To observe the background of the eye using a slit lamp, a special lens is required, which is 
placed in front of the eye being examined. Special lenses are used to observe the 
background of the eye - the Hruby scattering lens and the Volk aspheric lens.
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Optical coherence tomography (OCT)
• Optical coherence tomography is a non-invasive and non-contact examination method. 
• In a short time we obtain a cross-section of the tissue under examination.
• Target groups for the indication of the examination are diabetics, people with high blood 

pressure, severe hereditary eye disease or age-related macular degeneration.
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The principle of OCT 
Electromagnetic radiation

In the case of optical coherence tomography, coherent radiation at the boundary between 
visible light and infrared radiation is applied. This means that wavelengths of 600 nm to 1300 
nm are used. Radiation with larger wavelengths can penetrate deeper into the tissue, and 
radiation with shorter wavelengths shows more superficial structures of the area under 
examination. A relatively broad spectrum of 20 to 100 nm is also used during the 
examination. OCT used in ophthalmology usually works with infrared wavelengths to 
eliminate the risk of blinding the patient.
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The principle of OCT 
Image resolution

Radiation with a longer wavelength penetrates deeper into the tissue and has less scattering, 
which provides a very high spatial resolution image in the micrometer range. Conversely, the 
spectral width of the radiation affects the axial depth resolution, which can reach up to 1 
micrometer for OCT. Certain wavelengths are readily absorbed by certain tissues, and 
therefore the choice of wavelength for imaging with optical coherence tomography is very 
important. In general, the resolution of OCT is very high compared to other imaging methods 
and therefore allows imaging of very small ocular structures.
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The principle of OCT 
Sensing method

OCT is often compared to ultrasound, the difference in principle is the use of a light beam 
instead of a mechanical sound wave. The essence of the measurement is to evaluate the 
magnitude of the reflections and the time delay of the waves reflected at different tissue 
depths. Given the high speed of propagation of light, the time delay of light waves cannot be 
measured directly as in the case of ultrasound wave propagation, but a technique based on 
the interference phenomenon must be used. The principle of the imaging method is therefore 
coherent interferometry in the form of a Michelson interferometer. It uses the interference of 
two light beams, a beam reflected from the sample under examination and a beam that has 
travelled a known distance along a reference path. The result of the interference is 
proportional to the path difference between the two light beams.
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OCT device
The basic component of optical coherence tomography is a special technique, known primarily as a Michelson 
low-frequency interferometer, working primarily with infrared light.

The main parts of the measuring optical system are the light source, the beam splitter, the reference mirror and 
the optical system of mirrors and lenses. The light beam generated from the light source is split into two beams, 
a measuring and a reference beam, by a beam splitter consisting of a semi-transparent plate. The reference 
beam is reflected on the beam splitter to a reference mirror and travels a known pre-set distance. The 
measuring beam passes through the beam splitter and strikes the tissue under examination through an optical 
array of lenses and mirrors. The beam is reflected from the tissue to be imaged and the reference beam from 
the reference mirror and then the two beams interfere with each other at the beam splitter. They then pass 
through another optical system and hit the detector.
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Funduscamera
• non-contact
• low energy microscope
• camera with CCD chip attached to the microscope
• system of lenses and mirrors → focusing of the rays on the eye background 
• photodocumentation of the disease → colour photographs
• objective assessment of the progression of change 
• evaluation of the effects of laser therapy
• detecting pathological changes after the use of contrast media.
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Implantation of artificial intraocular lens (IOL)
• Intraocular lens

- optical part, haptic part
- anterior chamber, posterior chamber 
- silicone, acrylic
- single - piece, multi - piece 
- monofocal, multifocal, toric

• Modern types - Accommodating IOL, Photosensitive IOL (LAL light adjustable lens)
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Accommodating IOL
• Special design that allows the lens to move forward and backward 
• Zonular fibres, ciliary muscle
• Patients with presbyopia (gradual loss of accommodation) 
• FluidVision - presence of fluid in the lens
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Photosensitive IOL - Light Adjustable lens (LAL) 
• The most advanced implants
• Change in optical parameters about one month after surgery 

• Special light-sensitive lens material
• Photopolymerization of macrometer - irradiation with light causes a change in the structure of macrometer

and thus the shape of the lens
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Bionic eye
• Bionics - a science combining knowledge from biology and technology
• Bionic eye - a visual prosthesis used to replace visual perception and to compensate for the loss of vision to 

some extent. 

• Systems that replace visual functions with electrical stimulation are referred to as visual prostheses
• Degenerative retinal diseases - retinal pigmentary degeneration, age-related macular degeneration 
• Retinal and cortical implants (research phase)
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Retinal prostheses
• Electrical stimulation of intact retinal cells
• Storage location:

• Epiretinal - implant on the surface of the retina 
• Subretinal - implant behind the retina
• Suprachoroidal - implant between choroid and sclera

• Optic nerve stimulation
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Cortical prostheses
• Electrical stimulation directly to the visual cortex
• Advantages: larger surface area for implant placement, easier implantation, larger electrode 

sizes
• The great advantage is bypassing all damaged parts of the optic pathway and optic nerve
• The principle of operation: the patient is equipped with camera glasses that scan the area 

under observation, a processor is placed on the side of the patient, which converts the 
image into signals for the electrodes and sends instructions wirelessly to the implant.
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Audiometry 
Subjective methods:
• Audiometry with pure tones 
• Verbal audiometry
• High-frequency audiometry
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Audiometry with pure tones 
= tonal audiometry

• Electroacoustic examination method

• Examination device = audiometer → tone generation of a certain frequency and intensity 

• We examine the auditory threshold of bone and air conduction

• Each ear separately

• Performed in sound-proofed rooms = silent chambers - defined by ČSN ISO 8253 - 1, noise must not exceed 20 dB 

Air conduction

• 7 basic frequencies - 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz and 8 kHz 

• 4 additional frequencies - 750 Hz, 1.5 kHz, 3 kHz and 6 kHz

Bone conduction

• Special oscillator - 5 basic frequencies - 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz
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Verbal audiometry 
• Stimulus signal = word
• Recording = verbal audiogram
• Special word structure - words must be commonly known, proportionally represented single-, double- and 

multisyllabic, the ratio must correspond to the frequency in colloquial speech, vowels of deep and high 
frequencies

• The set contains 100 words divided into decades
• Examination with headphones - word intensity 10 dB above the average air conduction threshold of pure 

tones of frequencies 500-2000 Hz
• The subject repeats the words
• When moving to the next decade, amplify the sound by 10 or 5 dB 
• Second ear - noise
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High-frequency audiometry
• Hearing threshold measurements of selected frequencies above the frequency range of 

conventional audiometers - up to 20 kHz 
• Common audiometers - 125-8000 Hz
• Human hearing field wider
• Tone audiogram = only part of the hearing information
• Increase in hearing threshold for high frequencies may occur earlier → significant for 

workers in noise or for threshold shift 
• Technical problem - headphone calibration - critical position on the listener's ears → special 

headphones
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Audiometer and its types
• Hearing tester capable of generating various acoustic signals - includes harmonic oscillation generator 
• Tones are selectable in frequency: 250, 500, 1000, 2000, 4000 and 8000 Hz

• Frequencies of 125, 750 and 1500 Hz are also recommended 
• Generator quality based on distortion - tenths of %
• Also includes a noise generator 

Types:
• Tone audiometer - set to precisely defined tones 
• Verbal audiometer - word intelligibility

• Audiometer for objective audiometry - tympanometer, without patient cooperation
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Impedance audiometry - Tympanometry 
• Measurement of the acoustic cavity as a function of air pressure changes
• Middle ear function examination method - energy transfer
• Cannot be used to assess hearing sensitivity → audiometry is used for this purpose 
• Examination using a tympanometer
• Measurement of the amount of acoustic energy reflected from the eardrum
• Part of the energy incident on the eardrum is transmitted to the middle ear system → inner ear
• Some energy is reflected → the more pliable the eardrum → more energy is transferred to the middle ear 
Measurements
• Probe with 3 turbines
• Measurement signal frequency 226 Hz, sound pressure value 85 dB 
• Special air pump with a range of +200 daPa to - 600 daPa
• Result = tympanogram
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Cochlear implant
• A cochlear implant is an electronic device that replaces hearing sensation in patients with 

severe hearing loss. Auditory sensations are induced by direct stimulation of the auditory 
nerve. Currently, only multichannel devices are used, with both energy and signal 
transmission by electromagnetic induction. The inner part of the cochlear implant consists 
of a receiver-stimulator, which is placed in the fossa of the scalene, and a fine bundle of 22 
(24) electrodes, which is inserted into the cochlea of the inner ear.

• The implant converts sound into digital signals that are sent by the auditory nerve to the 
brain, where they are recognised as sounds. The external part contains a microphone, a 
processor to process the sound information and a transmitting coil with a centering magnet.
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Functions of a cochlear implant
• the microphone receives the signal and transmits it to the speech processor 
• the sound is digitized, filtered and encoded in the processor
• the encoded signal passes through the transmitting coil 
• the signal is transmitted to the receiving coil
• the signal is decoded in the implanted processor and the electrodes are sent the specified 

pulses
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Thank you for your attention

doc. Ing. Martin Augustynek, Ph.D.

+420 597 325 852

martin.augustynek@vsb.cz
https://profily.vsb.cz/AUG011
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