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Abstract

Sensory disorders are one of the most common problems in modern society, affecting both communication and quality of life. Most of these
disorders can be avoided by performing regular screening tests and minimising risk factors. The objective of this paper is to provide an over-
view of the modern techniques built into the Sensory Examination Capsule for testing most of the senses. This new screening tool has the
potential to significantly reduce the costs associated with health care by providing earlier and more accurate medical diagnoses.
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KAPSULA BADAN ZMYSLOW - JEDNOCZESNE BADANIE WIELU
NARZADOW ZMYSLOW

Streszczenie

Zaburzenia narzagdow zmysléw sg jednym z najczestszych problemoéw wspolczesnego spoteczenstwa, wptywajacych zaréwno na komunikacje,
jak i jako$¢ zycia. Wiekszosci z tych zaburzen jestesmy w stanie unikna¢, wykonujac regularne badania przesiewowe i minimalizujac czynniki
ryzyka. Celem tego artykulu jest przedstawienie przegladu nowoczesnych technik wbudowanych w Kapsule Badan Zmystéw w celu przete-
stowania wigkszo$ci zmystow. To nowe narzedzie do badan przesiewowych zmystéw moze znacznie obnizy¢ koszty zwigzane z opieka zdro-
wotng, zapewniajac wczesniejsze i dokladniejsze diagnozy medyczne.

Stowa kluczowe: badanie przesiewowe « narzady zmysléw « telemedycyna

Introduction preventive measures such as mitigating risk factors and

having regular hearing tests [5].

Sensory disorders are one of the most common diseases of

old age and one of the most common causes of social exclu-
sion and communication disorders in adults [1]. Scientific
reports indicate that sensory disorders are also increasing
in children [2,3].

According to the World Health Organization (WHO),
about 5% of the entire world population — 360 million
people, made up of 328 million adults and 32 million chil-
dren — have been diagnosed with hearing loss. WHO also
reports that hearing loss is the biggest problem for peo-
ple over 65, affecting about 1/3 of this group. Some pre-
dict that by 2025 more than 900 million people worldwide
will suffer from hearing loss [4]. WHO believes that half
of all hearing loss problems might be avoided by taking

From 2000 to 2011, the Institute of Physiology and Pathol-
ogy of Hearing (IFPS) in Poland performed hearing screen-
ing tests on over half a million school students. The results
were that over 20% of children and adolescents had hear-
ing problems and needed constant or periodic audiolog-
ical, phoniatric, speech therapy, psychological, or peda-
gogical care [6,7].

At the same time, WHO estimates that approximately
285 million people have vision problems, while 39 million
are blind. The main causes of visual impairment are uncor-
rected refractive errors — myopia, hyperopia and astigma-
tism (43%), unoperated cataracts (33%), and glaucoma
(2%). Cataracts are an affliction that dominates in low and
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middle-income countries [8]. People with visual impair-
ment are at risk of falling and injuring themselves twice as
often as people with good vision. There is also a 4-8 times
higher risk of bone fractures and 3 times higher risk of
depression [9]. Eyesight disorders often evoke a sense of
limited autonomy, and so patients need institutional assis-
tance 3 years earlier on average than people with no visual
impairment. Children with visual impairment are prone to
educational problems, which can cause anxiety and cog-
nitive impairment [10]. However, 80% of all visual distur-
bances can be avoided or treated, and the earlier the disease
is diagnosed, the better the chance of a complete recovery
[8]. To increase the chances of successful correction, it is
best to have a regular eyesight check with an ophthalmolo-
gist — preferably as soon as the first year of life. If no abnor-
mality is detected as a baby, further consultations should
be done at ages 2, 4, and 6 years [11].

Vision is also necessary to provide information about body
posture and head location, factors that are crucial to balance.
Moreover, information about the position and movement
of the body comes from the vestibular organ (and both its
peripheral and central connections), muscles, and joints.
Equilibrium problems require a diagnosis and then therapy.
Maintaining balance requires interactions between the ves-
tibular system of the ear, eye, pressure receptors in the foot,
and proprioception. The process involves the labyrinth, the
vestibular nerve, the vestibular nuclei in the brainstem, and
the cerebellum [12]. According to research conducted at
IFPS on people over 65, the most common balance disor-
ders are benign paroxysmal positional vertigo (28%), fear
of falling and the consequences of immobilization (22%),
damage to the peripheral vestibular organ (12%), leuko-
araiosis (8%), cerebellar damage (5%), and Menieres dis-
ease (4%) [13]. There is a need for early balance screening
to detect disorders and refer the patient for early otoneu-
rological intervention.

An effective sense of smell depends on the correct recep-
tion of external stimuli. Within each nostril is an area of epi-
thelium containing millions of receptors which connect to
olfactory nerves. The olfactory nerves lead to an area in the
brain that is capable of distinguishing an enormous number
of odours. Humans have approximately 40 million olfactory
cells in an area of 2 by 5 cm which can distinguish around
1,000 different olfactory sensations. Each smell activates many
of them simultaneously although each receptor can respond
to many smells. Any process that interferes with the trans-
mission of stimuli from the receptors to the olfactory cen-
tres in the brain may cause loss of smell [14,15] . The most
common causes of loss of smell and taste are diseases of
the nose and paranasal sinuses, conditions following upper
respiratory tract infection, previous craniocerebral trauma,
subarachnoid haemorrhage, multiple inflammation of the
cranial nerves, meningitis, diabetes, hypothyroidism, and
cirrhosis of the liver. Some commonly used medications
can also be the cause of the disorder [16,17].

Proper functioning of the sense organs is essential for liv-
ing in our modern information society. This is especially
true of hearing, which is fundamental for the development
of speech and the mastery of spoken language, which we
need for interpersonal communication. Partial hearing
loss — of various origins, character, and level - leads to
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Figure 1. Outside view of the Sensory Examination
Capsule

loss of social interaction, and is one of the largest group
of disorders affecting a person’s daily life [18,19]. Modern
methods of treatment and rehabilitation are available, but
it is important to detect the disorder early through basic
screening tests [20-22].

Poor eyesight or sense of balance, and even the sense of
smell, are all factors which limit a person’s contact with the
outside world, hindering communication and thus exposing
them to the risk of total exclusion [23-26]. Those affected
by various diseases of the sensory organs amount to over
1.5 billion people, affecting babies, infants, and adults alike,
but especially the elderly. Unless funding for research on
sensory disorders is increased, it is possible that in an ageing
European society the problems are likely to get worse [27].

This article aims to familiarize the reader with already
available screening tests for each sense and describes the

tests incorporated into the Sensory Examination Capsule.

Rationale for the Sensory Examination Capsule

Screening programs are an important part of public health.
Early diagnosis of disorders and initiation of treatment sig-
nificantly reduces the costs associated with health care.
To meet the demand for better and earlier medical diag-
noses, the Sensory Examination Capsule was created on
the initiative of the director of the Institute of Physiology
and Pathology of Hearing, prof. Henryk Skarzyn ski. It is
shown in Figure 1.

The project was supported by a consortium consisting of
research departments with expertise in the fields of oto-
laryngology, audiology, and ophthalmology, together with
biomedical and materials engineering and telemedicine,
and was co-financed by the National Center for Research
and Development [28]. The initial aim was to develop a set
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Figure 2. Inside view of the Sensory Examination Capsule
ready for seating a patient

of unique medical devices for detecting diseases of the
senses — hearing, speech, balance, sight, taste, and smell.
An inside view of the device is shown in Figure 2.

All the devices were combined into one multimedia diag-
nostic and a therapeutic station called the Sensory Exam-
ination Capsule. The station can be used to quickly and
comprehensively diagnose diseases of the sensory organs
and thus provides early detection. Looking more broadly,
the device could lower the total cost of diagnosing and
rehabilitating diseases of the sensory organs in Poland and
throughout Europe, where every fourth person has signif-
icant cognitive and communication deficits [29]. Consid-
ering the population of seniors, the capsule system could
help them with any hearing, sight, or speech disorder.
More generally the system makes it possible to econom-
ically undertake preventive examinations of any selected
population, for example, children.

Complex examinations in one visit

The Sensory Examination Capsule is a complete system
of diagnostic and therapeutic devices all contained in
one universal unit, enabling the simultaneous diagno-
sis of most of the senses (hearing, speech, sight, balance,
smell, taste). This makes it possible to perform multiple
tests during a single visit without the need to wait for sev-
eral specialist appointments. The unit allows problems to
be quickly identified and referrals made for further treat-
ment. The Capsule is intended to perform large-scale pre-
ventive examinations quickly and cheaply, which is ideal
for school children or for the elderly. The Capsul€’s soft-
ware allows the operator to quickly and easily test each of
the senses. In fact, the Capsule makes it possible for a user
to conduct a test on themselves using a ‘patient portal’ — an
internet facility that simply requires the user to register
and generate a unique login and PIN. When testing is
complete, the results are automatically saved to the indi-
vidual’s account. The patient portal can save patient data
together with questionnaire results, and has a direct link
to the IFPS telemedicine system in Warsaw.
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Hearing and central auditory
processing disorders

The Capsule offers tonal audiometry via a Hearing Test
Platform which is classed as a class IV audiometer. Cen-
tral processing tests can also be performed. Tonal audiom-
etry examines a patient’s air conduction hearing over the
range 250 to 8000 Hz for losses less than 80 dB. The plat-
form also includes a pitch discrimination test and fre-
quency sequence test to measure the degree of maturity of
the auditory system and check right hemisphere brain func-
tion. For patients who complain of ringing or buzzing in
the ears, the Capsule includes a diagnostic test — the Ran-
domized Test — designed to establish the level of tinnitus.

The Capsule can test a patient’s central auditory process-
ing based on the following nine tests.

1) Frequency Pattern Test. During the test, the patient
hears two sounds and their task is to say which of
them was high and which was low. In the next step, the
patient hears three sounds in different sequences (e.g.
high-low-high or high-high-low), and the task is to
repeat the order in which they were played.

3) Duration Pattern Test. In the first part of the test, the
patient hears two sounds and their task is to say which
was long and which was short. Then the patient hears
three sounds in different sequences (e.g. long-short—
long, short-short-long), and the task is to repeat the
sequence in which they were played.

4) Gap Detection Test. The tested person hears a noise in
which breaks appear from time to time. The person’s
task is to verify whether the noise heard was intermit-
tent or uninterrupted sound.

5) Dichotic Digit Test. The patient hears two digits over
headphones, one pair given to the right ear and another
pair to the left ear. The subject’s task is to check off
which numbers have been reproduced in both ears.

6) Multi-ear word test. Again over headphones, the patient
hears two words given to the right ear at the same time
as another two words are given to the left. The task is
to repeat which words have been heard.

7) Speech in Noise Test. Noise is reproduced over head-
phones, and from time to time a word is repeated
within the noise. The task is to listen and pick out the
word that was played.

8) Compressed Word Test. The test person hears a word
that is electronically compressed in time (sometimes
called the distorted speech test). The subject’s task is
to pick out the word.

9) Filtered Word Test. The examined person hears a word
whose frequencies are filtered, a so-called frequency
distorted speech test. The aim of the test is to pick out
which word has been reproduced.

Taste

In recent months, the importance of taste tests has increased,
since with the advent of SARS and COVID-19 one possi-
ble symptom is a lack of taste [30,31]. Previously, taste tests
were confined mainly to the effect of neurological disease
or diabetes mellitus [32-34]. Currently available tests are in
the form of taste strips, a pen-like odor dispensing device,
taste drops, or thin edible wafers [32-35].
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In the Sensory Examination Capsule, taste testing is car-
ried out using a self-administered test based on specific
gustometry. This is the commonest, quickest, and cheapest
way to perform a taste test. There is an envelope contain-
ing 5 strips — one is tasteless and the other 4 contain solu-
tions of common flavours: sweet (40% glucose solution);
bitter (0.6% quinine); salty (25% sodium chloride); and
sour (30% citric acid). The participant takes a paper strip
out of its envelope, places it on the centre of the tongue,
and closes their mouth for 30 seconds. The person has
to identify the taste: sweet, sour, salty, bitter, or no taste.

Smell

In the last few decades, knowledge of olfactory testing
has advanced and we can now easily distinguish nor-
mal patients from those with hyposmia (low odour sensi-
tivity) and anosmia (lack of smell) [36,37]. The need for
developing taste tests is a difficult issue because the prev-
alence of olfactory dysfunction is still not well described.
There are complex diseases of the nose that can be iden-
tified based on other measurable symptoms but the issue
still needs additional work (e.g. in cases of adult Refsum’s
disease) [38]. While attempts have been made to develop
accurate tests, research has accelerated significantly dur-
ing the COVID-19 pandemic and pre-screening and wide-
spread smell testing have been proposed, as they may be
predictive of a positive COVID-19 test [39-41].

Smell tests are based on psychophysical olfactometry. The test
kit consists of an envelope containing 6 strips painted with
different fragrances — cinnamon, banana, ashtray (smoke),
leather, chocolate, and gasoline. The patient sniffs a strip
and chooses one of 5 possible answers. Both the smell and
taste tests are valuable in that they can be used not only to
detect the disorder but also to allow long-term monitoring.

Vision

The literature contains common tests for screening pre-
school and school children for visual impairment [10,42—
44]. Others designed for seniors have been extended to test
vision acuity for driving or to detect neurological diseases
[45]. The most common test for verifying visual impair-
ment is based on visual acuity. Population screening tests
are rare, but as recent studies show, they are important for
determining whether vision is deteriorating with age [46].

In the Capsule, four tests are used to assess the sense of sight:
distance and near vision acuity, contrast sensitivity, and colour.
If the patient wears corrective glasses or contact lenses, they
are left in place so that the correctness of the lenses can be
assessed. All tests assess the patient’s vision with a positive
or negative test result, and on this basis a referral to an oph-
thalmologist can be made. The test is a simple and inexpen-
sive method for examining patients of all ages.

Balance

The balance system is a combination of the sense of sight,
an inner sense, and the vestibular organ, and is complex
in its operation. So far, no uniform screening test for equi-
librium has been developed and using just one test would
limit the ability to properly verify imbalance. One approach
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is to use a questionnaire developed to identify patients at
increased risk of falls, which can be used by both primary
care physicians and ENT specialists [47].

In previous years, screening tests were based on already
known dlinical tests, such as the Head Impulse Test, Dix—
Hallpike manoeuvre, or Clinical Test of Sensory Integra-
tion and Balance (CTSIB). Electronystagmography was
also sometimes used to perform the Dix—Hallpike test,
vestibular evoked myogenic potentials, caloric test, and
rotatory chair [12]. These are common tests which evalu-
ate the two balance reflexes — the vestibular ocular reflex
(VOR) and the vestibulospinal reflex (SVR) which regu-
late body posture. These tests are performed in daily clin-
ical practice whenever a patient reports vertigo or imbal-
ance. However, Polensek et al. (2008) indicated that patients
complaining of dizziness who visit a general practitioner
(GP) or geriatrician are typically undiagnosed, even for
common diseases such as Benign Paroxysmal Positional
Vertigo (BPPV) [48].

This points to the need for further guidance to improve
healthcare and to develop readily available screening meth-
ods to determine if patients need further evaluation. To
develop a simple screening test, it was necessary to reduce
complexity and the time taken, while still ensuring maxi-
mum stimulation of the vestibular organ.

The Sensory Examination Capsule uses a special system
for recording and assessing balance. It consists of wireless
Frenzel goggles for recording eye movements and software
for analysing nystagmus. The test involves two stages of
vestibular assessment, the first while standing and a sec-
ond while sitting. Instructions given to the patient are like
those given before a clinical posturography examination
using a platform and goggles. The Capsule offers 5 bal-
ance tests: 1) spontaneous nystagmus; 2) directional-gaze
nystagmus; 3) saccades; 4) free tracking; and 5) optoki-
netic nystagmus. All tests are performed in the same way
asin a dinic. An ENT doctor obtains readings of postural
movement and nystagmus (either spontaneous or induced)
and the results are presented on a panel. Based on the out-
comes, the ENT can decide about referrals for further bal-
ance tests. The next step is to make the balance screening
program available to a wider population.

Conclusions

The Sensory Examination Capsule is the only system in the
world that allows for simultaneous testing of six sensory
organs. In many medical facilities, there is a multitude of
diagnostic systems and therapeutic devices for the senses,
including peripheral disorders, but so far there has been
no way of performing a set of universal sensory diagnos-
tics. The full examination takes 40-45 minutes for a healthy
participant, although the time is longer when the individual
has disorders of the sensory organs. The Sensory Exami-
nation Capsule presents these unique abilities:

« Shortening the time taken to have a comprehensive
diagnosis of multiple sensory organs, thus providing
earlier detection of disease.

« Lowering the overall cost of diagnosis and rehabilita-
tion of diseases of the sensory organs in the growing
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number of people affected by these diseases in Poland
and in Europe more generally.

Increasing access to comprehensive diagnosis of dis-
eases that affect every fourth person in Europe and
which are associated with significant cognitive and
communication deficits.

Improving the way patients with hearing, sight, and
speech disorders interact with the world around them,
especially the elderly.

Provision of economical screening of selected popu-
lations, especially children.

o far eight devices have been produced and more than
0,000 tests have been performed. The use of the Sen-

sory Examination Capsule has included, among others,
research involving:

3.

Skarzynski et al. - The Sensory Examination Capsule

Participation in scientific conferences organized by
IFPS.

Our work has been appreciated and awarded with a Gold
Medal for Best International Design Award at the Japan
Design, Idea & Invention Expo organized by the World
Invention Intellectual Property Associations and Chizai
Corporation. In 2021, the Capsule was announced as the
Polish Product of the Future during the 23rd session of
the Polish Agency for Enterprise Development (PARP)
and the National Center for Research and Development
(NCBR).
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