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Summary: in the paper a review of selected miethods
with use of sound in diagnosis and theram: has heen
presemted. Methods proposed by the anihors are
muinly based on advanced methods of spectral
analvsis and use of disharmonic multitons,
particulurly those produced by special sound howls.
Usefuiness of preseated methods has heen proved
for people with various dvsfunctions of central
nervous svstem.

1. introduction

For a correet appraisal of the organism”™ condition
various methods may be used. Unfortunately, many
of them are of an invasive character. Proper usage
of acoustic and music methods for this purposce allows
for obtaining. in many cascs. sufficient diagnostic
information in a non-invasive way and in case of further
therapy using sound, such a diagnosis is a basic feature.

One option is to usc difterent analyses of patient’s
voice. Other, additional options arc offered through the
analysis of sounds played by the patient. for example on
keyboard or percussion instruments.

Usc of the sound in therapy is a separate, wide
aspect. It includes both various kinds of music and
specific sounds produced by acoustic instruments and
by clectronic equipment. The other method comprises
of use of digital sound processing, using pre-recorded
sounds, such as music or sounds of naturc.

The use of human’s voice in sound therapy cannot
be omitted. Even though it requires high qualifications
of the therapist as well as patient’s understanding, will
and nced. it is still the cheapest and the most cfficient
method of sound therapy.

Every year the number of people suffering from brain
injuries and strokes is growing. That compels us to search
for new, cheap, non-invasive diagnostic and therapeutic
methods. It is of special attention. as the chances for
those people to be restored to their social activity depend
on correct diagnosis, fast rehabilitation and regular control
of its results. It has inspired us to look for new, non-
invasive, cheap diagnostic and therapeutic methods using

sound. which are applicable to central nervous system
disorders.

2. Voice analysis

Apart from its main purposce — interpersonal
communication. voice has a diagnostic and therapeutic
character. what makes it an important sourcc
of information about the condition of human organism.

Voice shows how stamina. feelings, thoughts and
intuition arc harmonized together. It develops a style
of speaking, through reacting to the stimuli, morcover

it evolves with collecting new experiences. Voice
influences health, feelings. appearance. self-contidence
and the comnuumicative skills.

On cxamining diffcrent paramcters of sounds
produced by a patient, you can tell a lot not only about
condition of his speech organs, but also. according to an
American research {2.3.4] and rescarch carried out
by the authors. about the general condition of patient’s
organism, his disorders and effectivencss of various types
of therapy [20.23].

Voice analysces. which use DSP techniques are used
in phoniatrics for a long time [42]. 1t is based on the
assessment of a set of parameters, which were usually
caleulated with an expensive software MDVP and other.,
provided by Kay Elemetrix {13]. Analyses concern mainly
the assessment of amplitude and frequency fluctuations
of a larynx tonc.

It allows for an asscssment of the functioning
of specch organs. for detecting the abnormalitics. as well
as for assessment of the progress of the rchabilitation
of voice and hearing,

2.1. Parameterised spectral analysis

The authors. basing on their own software, originally
used to analyze music picees [33.37], found out that it
was uscful also for speech analysis. This software used
a division of a part of acoustic band into sub-bands with
regulated breadth and presentation of average energy
values of those sub-bands as a methad of parametrizing
the results of the analysis. The average energy of whole
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signal was subject to the analysis. The range of

the analysis covered 7 octaves from C to e4. breadth
of the bands of the analysis is tuncd between 10 an 100
vents. Detailed deseription of this software is elaborated
n{14.37].

Today we use a subsequent version of this software,
which enables analysis not only in the bands conforming
with twelve-tone equal-tempered seale. as it was
it previous version, but also in other scales, for example
uncqual-tempered Zarlino scale. New software called
anmuZz7 cnables also the transposition of the middle parts
of the analyzed bands.

The results of the analysis are presented in a form
ofawindow with rectangular. with colours corresponding
to the relative level of energy in a particular sub-band.
Ancxample of the analysis of speech signal with anmz 7
(figure 1),

Fig. 1. An example of yvoice analvsis

Using the analysis of how maxima of cnergy and
main cnergetical intervals change their location,
it is possible to deduee the psyehological condition of the
paticnts [11,32]. For example. basing on those results.
dircetion of changes in the patient’s organism after
a therapeutical  trcatment may be asscssed.

At the moment there are rescarch conducted
on subsequent version of this software, that would enable
temporal and frequency analysis, i.e. parameterized
spectcrogram in various musical scales.

Simultancously the authors arc working on selection
of most suitable words or test phrases and proper scales
for the analysis. At this stage Zarlino scale seem to be
betterand so do the texts of proper affirmations from
twelve-tone equal-tempered scale and random
statements.
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2.2, Examination of the cqualization of

produced sounds

Another diagnostic method is an analysis of the
uncqualization of the time of speaking or playing the same
tunes. Human organism is a thythmised structure. This
rhythmicality manifests in words spoken, sounds
produced or moves. During the disturbances
in functioning of the central nervous system the distortions
of'the synchronization of the rhythmicality of the moves
or sounds produced are obscerved. Such changes can
be a sign of developing illness or proccedeing
rehabilitation and recovery, atter a stroke or brain injury.

Riwvthm, metrum or pace are associated with
physiological movement. feeling of life, creation. being.
Particularly the pace and its dynamics are reflected
in respiratory and blood circulation system. For example
cardio-vascular changes are corrclated with speed
of the speech and voice volume [S]. Those parameters
along with breath and pauses in produced sounds reflect
the expression of emotions, particularly the anxicty.
Changes of the pace in time are of diagnostic importance,
for instance increasing pace may be an indication
of an attempt to keep control. to lead.

In order to examine the speed of produced sounds
special programmes. which analyse changes of the
momentary speed of a sequence of identical sounds have
been created. with participation of the authors { 15.16,34].
They allow for measuring both average speed and its
trend using the straight-lined regression and standard
deviation from straight regression. Deviation is a measure
of accidental fluctuations of the speed of produced
sounds.

Figure 2 presents @ demonstration sereen of results
by wavspeed programme tor a number “8” pronounced
by a healthy person.

Odchy ioics [1imen] amana S0 [drven]

Fig. 2. Demonstration sereen of results by swavspeed programme
number 8"



Similarly to sounds produced with voice, sounds
praduced by a percussion instrument can be analysed,
for example sounds tapped on a silenced drum with
a felt drumstick or, in worst casce. on the table. Such kind
of analysis allows tor an assessment of the work of hand
muscies and of a part of nervous system that
is responsible for its control.

Preliminary research conducted by the authors shown
an significant differences in ihe value of standard
deviation from a straight regression in healthy persons
and patients with discases of central nervous svstem {34
It alse shown changes of the parameter in a group of
healthy people under the influence of visual-rclaxation
sessions with a music background [ 16].

Further research is planned in this subjeet. particularly
‘on further development of the software and optimization
‘of testing sounds or phrascs. Preliminary rescarch work
proved this method to be uscful for a support
of psychological diagnostic provided that appropriate sct
of testing phrases has been selected.

3. Seven-tone test

Assumptions of the original seven-tone test and its
variation — twelve-tone test as well as the technique
of conducting the tests have been presented in previous
publications by the author [26,27,29.39]. During the test
a patient plays any three sounds from octave ¢l (A =
440 Hz) on the keyboard. The time of'selecting the sound
and playmng it should not exceed 6 seconds. while
the whole test should not last longer than 30 scconds.
The exceptions are allowed for disabled patients with
limited manual dexterity (up to | minute).

An assumption has been made., that patient’s
subconsciousness chooses the sounds and their order
in such a way to provide the organism with what it nceds
to keep its homeostasis. Chosen sounds reflect the set
of deviations in the energetic-information tield of the
organism. however without showing any clear
determination of the directions of those deviations. This
additional information is given by other premiscs., c.g.
by the analysis of the order of given sounds. the way
of sclecting the sounds (dynamic. intervals cte.) and
selected elements of body language.

Recorded sounds are treated as symbols tor a specific
frequency band, focused upon particular sounds ¢.g. C.D.
ete, equal tempered tune. Mostly, it is enough to usc only
white keys during the test — seven-tone version.

To extend the circle of patients (especially the
disabled) it is admissible to use the variations of the test.
c.g. sing three sounds, give the names of three sounds,
write and mark on the picture of the keyboard three
sounds ctc.

This test allows for assessment of the general psycho-
physiological condition of the organism and its encrgetic-
information condition. The test indicates the arcas of the
body and groups of organs that diverge from the standard,
itallows tor appraisal of the current emotional condition,
predispositions or family relations,

Information delivered by the test are particularly
important in sctting the general trends of the therapy
or the rehabilitation, ¢.g. programming the therapeutical
actions, prioritics in the trends of therapy. particularly
in monttoring the cffectiveness of various therapeutical
sesstons. The test turns out to be useful especially
in techniques of cultural therapy. particularly the sound
therapy.

Participation in the test may be a beginning of the
autotherapy. an incitation to keamn one’s inner life, to go
outside, 10 mect one’s own organism. The participation
itself lowers the level of fear. it tniggers the will
of cognition. It may cven become an element of releasing
the stress in the form of play or even catharsis [27].

4. The sound in therapy of people suffering
from central nervous system illresses

Both music and specific sounds have been used
in the therapy of various illnesses from ancient times.
Nowadays a growing interest in such methods is being
observed, as well as a comeback to well known old ethnic
instruments, which are today successfully used in the
therapy. Specific propertics of the sound, as a stimulus
of positive energy and multi-level information, proved to
be particularly useful in various forms of therapy of people
suffering from central nervous system illnesses.
Regarding the extensiveness and complexity of this topic.
the authors decided to present only the selected issues
and examples, that are particularty uscful for this group
of paticnts.

4.1. The use of sound bowls

Sound bowls arc the percussion instruments, from
the group of idiophones. known trom ancient times, Even
today they are produced accordingly to the old regulations.
The original production technology of the therapy bowls
is based maioly on the manual forging of the panc made
of multicomponent alloy. which determines the final
and unique sound of the instrument [7]. Such a sound
is a complexed disharmonic multitone, where spectrum
tringes are focused in several characteristic groups. The
authors have spent many years on examining the
propertics of this sound [ 18.19.24.25.36]. The spectrum
of the sound produced by a model bowl, so called solar
plexus bowl, is presented on figure 3.
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Fig. 3. Spectrum of a model solar plexus bowl

There are insigmificant differences of the frequency
of the fringes in the group. They cause rumbling with
sub-acoustic frequency. which lie in the bands of most
magnetic resonances of the human body and in the bands
of bioclectric brain activity —especially in alpha and theta
rhvthm.

The intervals between groups are also of a specitic
stimulating character. Accordingly to the authors” survey
|18.24.36] and Maman’s works [11]. dependent on the
typc and copy of the bowl. the tunctioning of the intervals
between first and sccond group of the fringes has
a waking, opening, expanding character. For sclected
heart bowls it may even make it casier to transit {rom
inner to outer world, to relcase the artistic potential.
The intervals between second and third group of fringes
for medium sized bowls arc the enhancement,
anaspiration to look for solution. As well as the stimulation
of healthy cells and destruction the pathologic
or canccrous oncs [11].

These propertics of sounds produced by bowls in the
therapy allows the brain for a fast transition from beta
to alpha condition and then towards theta, which provides
quick state of deep relaxation (what has been often
observed also by the authors) [7.9.25]. Proper usage
of the bowls allows for achicving the interhemispheric
synchronization. which is used in Hemisyne method [9).
Simultancously blood circulation and processes of toxins
removal from the organism improve. Delicate
vibroacoustic stimulation along with the proper usage
of the bow! improves the blood supply and regencration
processes in various parts of the body [7,19]. Specific
features of the bowl sound trigger positive changes
in psyche and predispose them to nonverbal
communication, which is very important in aphasia.
a disorder that often accompanices strokes or brain injurics
{30].

4.2. The usage of tuning forks

Tuning forks gencrate sinusoidal tones of varied
frequency. They correspond to the varied frequency
of organism. especially certain organs or tissues [40].
Lsing two shightiy distuned from cach other tuning forks,
we can generate subacoustic rumbling which
synchronize the work of the brain. or cven achieve
the FFR effect. used in Hemisyne method [17]. and
interhemispheric synchronization. Tuning forks arc also
successtully used for stimulating the acupuncture points
[ 12.40]. The usage of tuning torks in sound therapy include
mainly stimulation of particular arcas of the body
and particular acupuncture points. The specificity of tuning
forks sound requires highly qualified therapist.

Observation of the therapy with use of the wning
forks for patients in the association CEREBRUM
in Poznan, proved this method to have a positive effect.

As cach tuning fork gencrate only one tone.
the therapist has to be equipped with an expensive and
wide set of it. For this reason the authors are examining
the possibility of creating a technical inductor of the
vibrations. which would replace the set of tuning forks
and provide with additional therapeutic opportunities.

4.3. Electronically processed sounds and music

Such acoustic stimuli arc mainly used in therapy
of autistic children. Most of the methods is based
on various modulations of an envelope of a spectrum
of an acoustic signal. mainly the stochastic one. The
examples include AIT method, Samonas, Digital Auditory
Acraobics or the most recent KAMS micthod synthetically
shown in {31]. For a modulation difterent types of music
are used - from classical music to pop and sounds
of nature.

Other method includes proper processing of the
recorded bowl sound. Thanks to appropriate placement
of the particular sound in time in the sterco data base.
accordingly to slow changeable rhythm of blood
saturation with oxygen in the brain [R), it is possible
to multiply their tunctioning in relation to the sound of the
bowl itsclf. A CD with such a record prepared
by the authors [28] has been implemented into therapy
in Day Childcare and Educational Centre for Children
and Youth with Autism in Szczecin and got a positive
therapeutical effect {10.31].

4.4. Visualization sessions with a music
background
Visualization scssions arc part of various types
of therapies. Creating particular, controlled by a therapist
images in the paticnt’s imagination may aftcet both



psychological condition and physiological processes
in the organism [6,21.33.41]. Visualization may be also
very uscful in therapy for patients with disturbances
of c.ns.

Correctly matched music background is very helpful,
Such a background. unlike random music (even so called
rclaxation music), enables to multiply the effectiveness
of the therapy. Optimization of both text of the session
and music background is of great importance and should
be oriented to a particular patient or similar group
of patients [21.35]. It concems both the sessions carried
out live by a qualified therapist and the appropriate
sclection of the recorded sessions. Therefore before
selecting any kind of training. patient, and cspecially
his voice, music preferences and reactions to particular
situations and sounds, should be carctully diagnosed.
For such a diagnosis voice analysis in music bands and
seven-tone test may be successfully used.

Rescarch conducted by the authors contormed those
rules and allowed for determining significant features
of a good music background [35]. Key role in the
research plays the analysis ofa sound spectrum in bands
of music scales {14.37] and analysis of this sound’s
envelope [ 1.38]. A good background should have properly
matched melodic line, arrangement of the accord. pace.
In preciscly sclected intervals there should appear non-
music sounds (c.g. sounds of nature) and especially words
from the session text. It is casicr for the brain to achieve
the desired state of consciousness when envelopes
of particular components in appropriate parts of the
background dominate in the spectrum. Band 67 Hz
is of a great importance [35].

Atape LIn the land of imagination 17, which is based
on number of authors™ experiences and analyses {22].
proved to be uscful in various types of therapy for

Fig. 4. The lTayout of the energy in subbands for the sceond part
of ..In the land of imagination 17

exampie for people with c.n.s. disturbances. such
as multiply sclerosis [20.21]. or Parkinson discase.
To illustrate the acoustic features of sound record from
the tape, figures 4 and 5 shows respectively a spectrum
of sound in bands of cqual tempered twelve-tone scale
and a spectrum of envelope of the second part of the
tape.

of the anvnisas of i cianst
niope ”

Fig. § Speetrum of the emvelope for the second part
of n the land of imagination 1™

5. Summary

Human’s nervous system is a tender tunc fork, which
rcacts to various outer sound stimuli and produces strong
resonance inside itselt. In the case of strokes and brain
injurics a contact with appropriate sounds provides a wide
range of non-invasive diagnostic and therapeutic
opportunitics. It can reveal the cause. incite the recovery
process. bring calm and comfort or cven climinate the
pain. Morcover it may be an excellent source of releasing
the stress, improvemient of the general disposition and
a way of fun.
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