
 HANDLE OF ACOUSTIC INFORMATION – 
NON-INVASIVE TEST METHODS IN PAEDIATRICS  

András Illényi a), 
Jenő Hirschberg b), Tamás Szende c), György Várallyay Jr. d), 

Zoltán Benyó d), Zsolt Farkas e), Zsolt Garay b), Kristóf Hirschberg f), Gábor Katona e), 
István Lellei b), Zsuzsa Trenovszki g) 

a) Dept. of Telecommunications and Media Informatics, Budapest University of Technology and Economics 
b) Budai Children’s Hospital, Budapest 

c) Pázmány Péter Catholic University, Piliscsaba 
d) Dept. of Control Engineering and Information Techn., Budapest University of Technology and Economics 

e) Heim Pál Hospital for Sick Children, Budapest 
f) Inst. of Cardiovascular Surgery and Hungarian National Ambulance and Emergency Service, Budapest 

g) Madarász Children’s Hospital, Budapest 
Magyar Tudósok krt. 2, H-1117 Budapest, Hungary 

illenyi@tmit.bme.hu, hirschberg@freesart.hu, szende@nytud.hu, varallyay@iit.bme.hu, benyo@iit.bme.hu, 
drfarkaszsolt@yahoo.com, garaydr@widex.hu, hirschbi@freemail.hu, katonag@heimpalkorhaz.hu, 

ilellei@freemail.hu, logopedia@tvn.hu   www.bute.hu 

Abstract: The perception of attributes of sound play a particular important role in transmission of sound 
source carried information. In fact two clearly different appearances of measured sound signals can lead 
to the same sensation. Békésy measured this phenomenon in the time-space. Nowadays we use the 
various integral transformations, in most cases the frequency transformation for investigations. Compare 
the measured and listened characters of investigated sounds; the divergences are widely known, and 
important. It seems also clear that our measurement equipment and systems could be improved.  
In the sound propagating process the sound is modified by interactions of sound field, and additional 
noise effects. At the end of sound pathway to the ear arrived sound signals are disturbed by the head and 
the human torso. The questions how doe’s true observations from the incoming sound wave the human 
hearing organ, become timely. On other hand the received sound information refer important 
information to the state and working condition of investigated sound sources. This kind of acoustic 
diagnosis investigated a wide area of observations leads to very usefully applications in non-invasive 
acoustic test methods, e.g. the nurse observing the status of baby.  
In Paediatrics the records of unusual and pathological sound phenomena are information sources of wide 
range of sound events, originating from the airways, and representing various kinds of investigated 
voices: cry, stridor and cough of infants and children in different diseases and anomalies.  
The presented diseases and clinical entities are originated from the nose, pharynx and mouth and 
descending to the deeper airways: to the larynx, trachea, bronchi and lungs. Anomalies and syndromes 
associated with pharyngeal stridor are dealt with the nasal, oral and pharyngeal diseases. The neurogen 
and myogen conditions and some chromosomal alterations accompanied by pathological phonation are 
presented in connection with the laryngeal diseases, exciting unusual voice. 

1. Introduction 
This paper focuses to the human interface 
technology of acoustic waves, interested in the 
following questions: 

1) How can out the finding of technical 
parameters of sound, resulting in part 
comparable valuation with psychoacoustic 
evaluation, 

2) How important is to know both about sound 
generation and psychoacoustic evaluation,  
while at the end of sound transfer-line turned 

out, that some till now relevant physical 
parameters are rest unreleased. 

3) How can the essential characters of sounds 
and sound scenes be chosen among the 
multitude of technical parameters? 

4) How to ensure that all of essential parameters 
are detected? 

5) How can these findings applied in medical 
diagnosis, observing the infant cry. 

In this paper some ideas are presented dealing 
with these questions, but the outlook is always in 
the straight line; how to handle the acoustic 
information, carried by sound waves. This kind of 
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interpretation of Acoustics has many advantages, 
and renders new application e.g. in non-invasive 
acoustic test methods. 

In the last decade plays the information carried 
by sound waves more and more significant role in 
acoustics, and had involved the methods, and 
resources of informatics in this classical science. 
The acoustic investigations before, were 
interested in sound wave propagations, in the 
physical acoustic phenomena, rather with the 
receiving of the sound. It seems evident now, that 
the audible sound is related to the information 
transfer of sound signals, decoded in the human 
brain [1]. The revolutionary book of Professor 
Terhardt made a difference to the earlier usual 
scientific aspects. The main stream of them is as 
follows. 

• The sense of the pitch fluctuating of sound 
signals; the roughness, the intensity of the 
fluctuation strength, are to day widely applied 
characters in handle of acoustic information. 

• The experimental well-founded formulism of 
harmony and music consonances. 

• The system theoretical pitch explication of 
the virtual sound. 

• On the base of a linear algorithmically 
formulated peripheral hearing model, 
containing the so-called hearing true glided 
Fourier Transformation; the Fourier-t-
Transformation. 

The on-line audio information chain of signal 
transfer forms a direct line between the source 
and receiver. It means that the human receiver 
recognizes the original information of the sound 
source, and is able to distinguish the investigated 
source signals from other additional noise 
information. This question seems moreover to be 
a very important scientific problem; and 
constitutes new research branch; the Acoustic 
Informatics. Consequently, the classification of 
the subject of acoustics, and the basic subjects of 
this science – first the subject of the sound – 
needs a further formulation in the Century of 
Information. 

According to the traditionally definition; the 
sound is physically a trouble, propagating in a 
continuum. This interpretation is valid in his 
physical frame in the future too, but for audio 
sound can further definition used. 

In the new and wide range aspect of science, the 
sound can be explained as the sphere of multi 
meaning phenomena, producing senses in the 

audible frequency range with psychological and 
physiological responses. Thus the sound provides 
tonal experiences. 

The latest comprehension of the sound is related 
to the information carried by sound waves, and to 
the information transfer of sound signals. In this 
meaning, in the hearing system decoded sound 
and from them carried information get trough the 
higher stations of the hearing system and is 
decoded at the end in the adequate region of the 
human brain. This kind of information-line 
between the source and the receiving brain topic 
is able to recognize the original information of 
the sound sources. In this aspect the sound can be 
treated as some kind of information, and there are 
a lot of experiences, that the natural objects are 
able to receive, and recognize them. Normally, 
this on-line audio information transfer chain can 
distinguish the source signals from some other 
additional and simultaneously arrived sound 
information into ear channel. Such kind of 
practical cases are e.g. the disturbing noise, apart 
from the interested one, other attendant signals, 
and perhaps more speakers in the same time; the 
cocktail-party effect, etc. All these investigations 
raised recently for several researchers the idea, 
that the information carried by sound, can be 
hidden at the regions of brain. The information 
masking by information seems to be a common 
effect in brain research and looks moreover an 
intelligent working mode of the brain-system.  

In most practical cases the received sound signals 
refer to the working conditions of the sound 
source, to the state of the sound source, to the 
conditions of the propagation way, and to the 
conditions of the observer. The classical question 
in the noise control is; if the received sound is 
disturbing or not? On the other hand, give the 
troublesome noise carried sound signals any 
information to the observer, or they are fully 
unwanted? It is also considerable, whether the 
noise gives trouble for all, or contrary there is 
someone who has interested in it. E.g. the chief 
engineer of the plant – investigated the level of 
the emitted working noise some time ago from 
our laboratory. He was living in the 
neighbourhood of the factory and – in contrast all 
other people living in that region – needed to hear 
day and night the continuous background noise so 
in his bureau in the plan, as at his home! He 
needs the sound as existing information from 
working condition in progress! 
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2. How to handle acoustic 
information? 

Handling acoustic information is a long time 
actual task for sound engineers. The electro 
acoustic transfer chain has many possibilities 
built in the technique and recording technology. 
The possibilities are in the news rapidly grown, 
and much more new technologies are elaborated 
and widely used. The basic question seems after 
all not changed long time. What to do with the 
signals of received microphones having some 
similar effects to the real sound imagine forming 
in the nature, corresponding to the daily 
investigated situation realized by the hearing. The 
old question should be actually in the Information 
Acoustics once more. 

The perception of attributes of sound play a 
particular important role in explanation of sound 
source carried information. In fact clearly 
different appearances of measured sound signals 
can lead to the same sensation. Békésy measured 
this phenomenon in the time-space plane [2]. 

He observed that the sound of a vowel received in 
different distances, or in different, incidence 
angle to the reference axis of the mouth, resulted 
each other different oscillograms, in spite of that 
the excitation by the source doesn’t changed. It 
seems also from other acoustic experiences, that 
the form of propagated sound waves and the 
really interesting information content of the 
sound during – the transmission line – are not 
necessary correlated each other! 

Nowadays the various integral transformations 
are investigated; in most cases the frequency 
transformation. Compare the measured and 
listened characters of investigated sounds, the 
divergences are widely known. It seems also 
clear that our measurement equipment’s and 
systems could be improved.  

A practical overview is made by Genuit [3] to 
apply and development the meaningfully multi 
scene measurement technique in audio acoustics 
(Figure 1). 

 

 

Figure 1. Contemporary overview of the multi scene 
audio measurement technique [3] proposed by Genuit. 

To this scene deals an essential new measuring 
technique, the binaural measuring technique. 

The directional filtering of the outer ear is an 
essential step in the acoustical information 
transfer to the evaluation of spatial information. 
A widely explanation of this technique is 
published by Blauert [4] at the last Forum 
Acusticum 2005 Congress in Budapest. He 
pointed out, that the so called acoustic modality 
in the information processing of the human brain 
system plays the significant role of paramount 
importance in human interindividual 
communication. The human auditory system is a 
highly differentiated and sophisticated signal 
processing system, performing such tasks as 
identification, recognition, or segregation of 
acoustic concurrent sources in such diverse 
acoustic environments, as are existed equally in 
quiet rooms, and in hard reverberant 
environments. 

An important attribute of human sound 
evaluation system is it ability to perform to 
analyze auditory scenes and segregate its 
different auditory components in them. It is in 
consequence with the new trends in nature 
sciences; namely the technological systems are 
being furnished of built-in intelligence and 
explicit knowledge [5]. On the base of modeling 
the sound evaluation in higher pathways in the 
hearing organ are evaluated the various hearing 
models, including the possible DSP methods. 
Such a basic architecture of binaural signal 
processing is seen on Figure 2 [5]. 

75



 

Figure 2. Architecture of a hearing model. Technical 
realization of the bottom up signal processing system 
of a binaural DSP. Published by Blauert [5] 

Apply the hearing model in Figure 2, to explain 
the Békésy experiment, mentioned above, it is 
clearly visible in the next representation, that in 
free field environment, the source signals are 
unambiguous, while in reverberant sound field 
the original source information are masked 
(Figure 3a and 3b). The handle of acoustic 
information services further possibilities to avoid 
the disturbing parts from the observed sound 
scene (Figure 3c). 

 

Figure 3. Localization using the in Figure 2 
introduced hearing model, to investigate the influence 
of typical sound environments (a, in anechoic sound 
field, and b, in reverberant sound field). The binaural 
activity map on Figure 3c shows the effect of the 
reverberation has partly removed by signal processing. 
Published by Blauert [5]. 

In the new hearing aid technique, the application 
of more hearing models, are successfully to reach 
the better sound allowance of hearing impaired 
persons (Figure 4). Today the most sophisticated 
application of newest technology of DSP’s are 
investigated in hearing aid technology. The 
possibilities and restrictions of available 
technologies used, and the realizable signal 
processing algorithms are in rapid development 
for the most advanced commercial hearing 
instruments. 

 

Figure 4. A part from effective new hearing aid DSP 
architectures using the binaural spectral subtraction to 
noise power spectrum estimation based on correlation 
analysis [6]. 

The even more complex evaluation of signal 
processing procedures, the effective 
miniaturization progress in chip technology, 
additionally involving the psychoacoustic and 
further methods of informatics in DSP 
realizations are expected in near future (Figure 
5), [7]. It seems sure, that the most sophisticated 
application in handle of acoustic information is 
happened at present in hearing aid technology. 

 

Figure 5. Knowledge based hearing aid architecture, 
developed for different listening conditions [7]. 

Investigations by computer-controlled dummy-
head measurement system – with increased 
spatial resolution – show, that effects and 
common properties of objects near to head 
(glasses, hair, baseball cap) take significant 
changes in acoustic waveforms of the acoustical 
environment. These changes in the sound field, 
and in the properties of HRTF’s are presented on 
Figure 6 as function of frequency and as common 
function of frequency and azimuth on 2D polar 
diagrams [8, 9]. 
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Figure 6. Typical HRTF’s difference polar diagrams 
show the deviations respecting to the dummy head 
status comparing to the effects putting hair (above), a 
cap (middle) or glasses (below) on the head, from the 
elevation -10° (left column) and 0° (right column) 
[10]. 

In spite of investigated differences in sound 
transfer, the observed sound imagine was not 
influenced. It means that the disturbed sound 
field doesn’t perturb the original sound 
information transfer! Consequently on the base of 
many investigations [9, 10, 11] is proved, that 

• on the way of sound transmission the 
waveform and the information content of 
transmitted message have to distinguished, 
and 

• in the human interface technology only the 
handling of acoustic information have to be 
considered. 

3. The acoustic information is 
available 

The received sound signals refers important 
information to the state, and working conditions 
of the human source (gender, personality, 
psychical parameters, reveal typical sounds and 
sound components of repeating events, etc.) to 
the conditions of propagated sound way, and the 
interaction of the environment of the recordings. 

From other side, the received sound signals refer 
further information to the conditions, and hearing 
capabilities of the observers (experience, well 
skilled abilities in the questionable topic of 
investigation, observing important factors of 
explanations, etc.). 

According to the in Figure 1, overviewed 
multidimensional auditory scene seems possible 
in the block of “subjective attitude” to accept the 
following statements as hypothesis. In the process 
to investigate audio information by the hearing 
can be stated, that  

• the generated sound is characteristic to the 
state of the source, including to circumstances 
its working conditions, and other sides 

• the investigated sound is characteristic to 
excited sound waves, including its 
propagation conditions, and similar manner 

• the expected sound is characteristic to the 
conditions of the observer and to the 
conditions of the hearing systems during the 
process of sensing. 

These basic statements are always directive in all 
cases, when have to attend what about the 
information arrived in the hearing organ. On 
other hand these statements can help us to take 
investigations according on the incoming sound 
waves, respecting information; and evaluate non-
invasive acoustic test methods. The evaluation of 
the mentioned criteria above needs to use the 
method of one variable. Let continuous the 
conditions of the observer and of the propagation 
way, so can considered direct the source, and its 
working circumstances. 

In the next chapter apply this kind of 
measurement hypothesis will be shown how can 
to investigate them to evaluate the characteristic 
infant cry, caused by their basically disease. 

4. Acoustic test methods to analyze 
the infant cry 

Investigations dealing with infant cry can be 
classified in three mean categories [12]: 
investigations in the reasons of crying, 
investigations of the development of the crying, 
and investigations of the connection between 
diseases and crying.  The infant cry is a mean of 
communication. Crying is different if the baby is 
hungry, sleepy, bored or need to be changed. 
Several research teams had been investigated the 
reason of crying they tested mostly acoustic and 
psychological respects [13, 14, 15, 16]. 
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Investigating the development of crying is stated, 
that the sound of crying has a development in the 
same way, as the development of baby itself [17, 
18]. The cry of preterm infants is acoustically 
different from the normal term babies in the first 
three months of the life [19]. According to 
Zeskind et al. the sound of crying is characteristic 
to the birth process [20]. If there are 
complications the at the birth, the sound of crying 
is much sharper, shorter, the time of the pause 
between crying blocks is longer then they are at 
the normal birth [21]. Crying can also refer to 
emergency. E.g. normal term infants kept in 
incubator observably decrease the volume their 
crying, while normally it should be increased 
[22]. 

The acoustic analyze of infant cry can be an 
important aid in medical diagnosis. Experienced 
otorhinolaryngologist paediatricians use their 
impressions from the movements and crying of 
the infant in the diagnosis. E.g. infants suffer 
from Mongolism have a weak sound of crying 
[23, 24]. 

Approximately 0.2-0.3% of the infants are born 
with at least a medium grade permanent hearing 
loss (the hearing threshold is above 40 dB) [25]. 
The baby learns to speak by hearing its 
environment. It is essential for the correct 
development of speech to have good hearing in 
the critical period of his life; time range of the 
first 6 and 24 months. Hearing disorders can be 
cured in many cases, if they are detected in the 
first few months of life. 

Investigating the complex hearing system 
including the brain, if any of these elements has 
functional disorders, hardness of hearing will 
occur. Generally a basic hypothesis can chosen, 
there is an auditory feedback between the organ 
of speech and the brain, that instructs the organ of 
speech to create sound (Figure 7) If this feedback 
is missing the created sound may differ from the 
normal sound. According our basic hypothesis, 
infants who have unlike hearing disorders or 
hearing loss cry unlike healthy infants [26] 

There are several parameters which can be 
obtained from crying, as length of crying blocks, 
as fundamental frequency, as spectral 
components, as melody contour of crying as 
rising time, etc. [27]. These signals are full of 
disturbing components; they are often not in 
direct connection with the main content of 
investigated signal. 

 

Figure 7. The natural human speech communication. 

The needed special hygienic demands in the 
newborn babies’ environments cause often 
practical difficulties in measurements. The 
elaborated and since 5 year long well existed 
methodology has therefore a 2-stage procedure. 
The first stage is the special record of the sound 
signal to fit the medical environments (big 
reverberation, overloads, sterile instrumentations, 
light handling, of the equipment, audio-visual 
receiving). The second stage is the signal 
evaluation, made in the laboratory of Medical 
Informatics, using the typical hardware, and 
software devices. The evaluation of the cry signal 
is made in two steps. First is the pre-processing to 
clean the signal from carried disturbing 
components. Second is the processing phase 
according to the various demands in the research. 

The signal of the cry contains “clear” and 
annoying parts. On the Figure 8 annoying parts 
are hoarseness (c), highcough (a and f), 
spasmodic crying (d) and the silence (e) between 
the “clear” parts (b and g). In the elaborated 
signal processing in the pre-processing phase the 
software automatically cuts the annoying parts 
out of the investigated signal 

 

Figure 8. A wave file before and after pre-processing 
[28]. 

At the processing phase most the FFT DSP is 
used. In the spectrum of clarified signal two 
special components have importance; the lowest 
useful frequency – the fundamental frequency 
(F0), and the dominant frequency (Fdom), that is 
the tallest frequency component of the spectrum 
[28]. 
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Authors used their own developed Matlab 
software to evaluate pre-processing, feature 
extraction, fundamental frequency detection, and 
to plot the melody contour and calculate the 
rising time. 

In the medical diagnosis was, the sound 
spectrogram (it is also called sonagram) the 
major tool for analyzing cry sounds in 1960s and 
1970s. Produced by an analog device, a 
spectrogram plots time on the x axis and 
frequency on the y axis, and encodes the darkness 
of the frequency lines [23]. This kind of 
measuring technique is widely used aided by 
modern methods nowadays too. Respecting in 
medical diagnosis used terms, in the follows to 
analyze of infant cries we represent 
measurements demonstrated by sonagrams. 

There are several attributes of the cry which can 
be obtained from a spectrogram, as length of the 
cry, a few spectral components, roughly the shape 
of the melody contour, etc. Nowadays 
spectrography is still a general tool in the analysis 
of infant cry, although we use, of course, 
digitally-produced spectrograms (Figure 9). 

 

Figure 9. A digital-produced spectrogram [23]. 

The sonogram, at Figure 9 shows well and clear 
the time story of the investigated cry, the 
frequency components in time, and in the 0-
12 kHz range, and the intensity components in 
the full; 2.2 s time period. 

Produce sonogram applied the new methodology, 
can be stated at this field consistent with all 
others, that the digital technique has the 
advantage of the analogue technique and that the 
procedures are reproducible, authentic and well-
arranged. 

5. Analysis of infant cries in 
Pediatrics 

The baby cries if it has pain, if it is hungry, if it 
feels discomfort, or when it is pleased with 
something, and also it may cry when it is bored. 

Under pathological conditions the crying sound, 
as opposed to the normal, may be changed 
significantly and become unusual, irregular. 

Referring to the Chapter 3 detailed, the received 
sound signal refers important information to the 
state and working conditions of the human source 
(the gender, the personality, the physiological and 
physical parameters of typical excited sound; 
including the tonal symptoms of different illness, 
if any exist). These concomitant phenomena of 
the heard sound are for experienced observer, and 
skilled diagnostics traditionally well interpreted, 
and it is the goal of the acoustic measurement 
technique, to take measurable this phenomena. 

This kind of acoustic diagnosis investigating 
wide area of observations, leads to very usefully 
applications in non-invasive acoustic test 
methods, e.g. the nurse observing the status of 
baby.  

In Pediatrics the records of unusual and 
pathological sound phenomena are treated as 
information sources of wide range of sound 
events, originating from the airways, and 
representing various kinds of investigated voices: 
cry, stridor and cough of infants and children in 
different diseases and anomalies. See in 
Appendix 1 the set of cries, and in Appendix 2, 
the set of stridors. 

The presented diseases and clinical entities are 
originated from the nose, pharynx and mouth and 
descending to the deeper airways: to the larynx, 
trachea, bronchi and lungs. Anomalies and 
syndromes associated with pharyngeal stridor are 
dealt with the nasal, oral and pharyngeal diseases. 
The neurogen and myogen conditions and some 
chromosomal alterations accompanied by 
pathological phonation are presented in 
connection with the laryngeal diseases, exciting 
unusual voice. 

Infant vocalizations originating from the air 
passages are merely symptoms and not entities. 
However, the systematic study and classification 
of the various sounds have convinced us that 
subjective observation and objective analysis of 
these symptoms may furnish important diagnostic 
clues. In the course of 45 years of practice in 
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pediatric laryngology, phoniatrics and 
bronchology, we observed and defined 42 
different pathological sounds, which may occur, 
in different combinations, in some 50 
pathological conditions [23]. Elucidation of the 
origin of pathological phonation, respiratory 
noises and cough sounds basically relies on the 
conventional investigation procedures (primarily 
endoscopy and radiological /MRI methods), and 
neurological methods. With the present work our 
aim has been to call attention to the practical 
value of objective sound analysis used in 
combination with other methods. 

The value of the acoustic analyses can be sum-
marized as follows: 

1. It is a diagnostic tool not at all inconvenient for 
the patient. Its use may be supplementary, but in 
some cases it supplies more information concern-
ing the origin of pathological sound phenomena 
than do other methods, especially if the 
conventional procedures fail to reveal any 
alteration in the airways (Fig.10; dysphonia). In 
such disorders of phonation, especially in those 
of central nervous origin, it may be helpful in the 
diagnosis of brain lesions, and may in the future 
even be instrumental in the topographical 
determination of the pathological process (Fig. 
11; encephalophatic dysphonia, amorphous). 

 
Fig. 10. Dysphonia. Infant aged 17 months. History: Following 
plastic surgery of the lip under intubation anaesthesia the infant 
was found to have hardly any voice. Intubation complication 
suspected, tracheotomy contemplated. On grounds of the acoustic 
pattern, the absence of voice was believed to be central in origin, 
as confirmed by the additional data of history referring to a weak 
cry (`thin voice') from birth. Acoustic finding: Creaking, very thin 
crying sound, no stridor. 
Sonagram: no component corresponding to the normal 
fundamental frequency can be observed; instead, a relatively high 
overtones appear, of which even the lowest is 700 Hz, or 
occasionally 2500 Hz. Scanty, mutilated harmonic structure: at 
some parts there are only two overtones. Masking by noise varies, 
but is not marked. The scattered overtones occasionally show 
considerable variations in melody (0.1-0.4 s); between 2500 and 
5000 Hz the second overtone glides 2500 Hz within 0.15 s. The 
sound is high-pitched at the same time shrill. It is also very thin 
and creaking.  

 
Fig. 11. Encephalopathic dysphonia amorphus. Infant aged 5 
days. History: Reported to have been `crying silently' ever since 
birth. Turns blue sometimes during feeding. Reduced turgor, 
acrocyanosis, parchment-like, greyish skin 
Laryngoscopy: Negative. Acoustic finding: Shrieking, breaking, 
occasionally aphonic voice (a). Sound production normalized 
presumably with improvement of the cerebral symptoms 
Sonagram. Amorphous, noisy, and hoarse sound which fails to 
create a phonation impression; at 0.9 s three overtones emerge 
showing a 400 Hz glide within 0.05 s at, e.g., 1.05 s and an abrupt 
break of about 350 Hz at 1.2 s. After a segment of aphonia (1.4-1.55 
s) the same structure recurs but with lower intensity (till 2.0 s). The 
three overtones appear at 2500 Hz, between 4500 and 5500 Hz, and 
between 7500 and 8000 Hz..In the shrill part of the cry there is no 
noise, but the overtones are markedly thickened. Shrieking, piping, 
occasionally breaking cry of long duration, turning into aphonia at 
sites. 
 

2. Its prognostic and therapeutic uses follow from 
what has been stated above. Adequate inter-
pretation of pathological acoustic phenomena 
may make invasive instrumental interventions 
unnecessary for the selection of the therapeutic 
method or for stating the prognosis e.g the 
Meagre whistin phonation see in Fig.12. 

 
Fig 12. Meagre, whistling phonation of a 5 weeks old infant. 
History: Could not cry since birth, only moan. Responds to 
handling with stridor. Laryngoscopy: Vocal cords cannot be 
differentiated, the laryngeal lumen is 2 to 3 mm in diameter. 
Diagnosis: Severe congenital stenosis of the larynx. 
Sonagram: Extremely faint fundamental frequency, with sparse, 
though intensive harmonic structure. The individual overtones 
show sudden, approximately 300 Hz shifts within short periods of 
time (0.5 s). There are essentially no noise components, while the 
overtones appear as bands. 
 

80



3. It has documentative value, supplying objec-
tive and unequivocal records of the pathological 
sounds instead of the often complicated, 
subjective descriptions. Although the value of the 
subjective auditive experience is beyond doubt, it 
should not be forgotten that occasionally the 
acoustic analysis may record changes which are 
not perceived by the human ear. (See Appendix 
3). With adequate documentation the patients can 
be followed up, and the outcome of conservative 
or surgical management can be compared with 
the data of other specialists. 

4. It offers considerable aid in the training of all 
those (doctors, nurses, mothers, midwives) for 
whom the infant's cry and vocalizations carry 
important information. It is a particular advantage 
for those with a well-developed visual memory 
that during repeated replays of the records they 
can also observe the respective sound 
spectrograms. (See Appendix 4). It is common 
knowledge that training considerably improves 
the ability to recognize the utterances of infants 
in different situations (hunger, pain, pleasure) and 
to identify pathological cries. We noted the 
advantages of this practice in the course of our 
work.(More information are seen in Appendix 5, 
and 6). 

5. It may inspire research efforts in related fields 
such as linguistics, psychology, phoniatrics, 
speech pathology, and acoustics. 

The only disadvantage of the method may be that 
it is somewhat complicated and cumbersome for 
the examiner. The evaluation of the sonagrams 
requires special training and skill. However, a 
solution may be found in this respect, too. A 
problematic, unusual sound phenomenon, easily 
recorded anywhere in the world, may be sent 
online to centers where it will be analyzed.  
Beside that, also an automatic recognition system 
or an adequate screening device may help in the 
future, as well. In this way acoustic analysis may 
become a useful aid for the practicing physician, 
similarly to audiological methods and screening 
instruments applied in the diagnosis of hearing 
defects or electronystagmography which may be 
performed to elucidate vestibular disorders. 

6. Conclusion 
The aim of the authors has also been to study the 
aphysiological phonation types and to describe 
their acoustic characteristics in the cases of 
various diseases and anomalies as objectively as 
possible. 

In judging the baby’s general condition, besides 
the evaluation of the crying sound, the 
investigation of the breathing, the different 
respiratory noises, the stridors referring to airway 
obstruction, and the coughing sounds turns out to 
be essential.    

All the diagnostic possibilities, the auditive-
perceptive examination, the imaging, 
neurological and acoustic procedures are 
discussed, on the basis of which one may have 
great help to be able to find the cause and 
localization of the pathological sound phenomena 
and, thus, to establish a correct diagnosis. 

As a matter of fact, the answer, above, as given 
here or elsewhere in the literature can never be 
definitively settled. Notwithstanding, efforts and 
achievements of further (interdisciplinary) 
research work enable us to make our knowledge 
to become more profound in the field. 
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Appendix. 
The infant cry has always been looked upon with interest. 
 
Let here presented typical sonagrams [23] to demostrate, the received infant cries refer important 
information to the state and working conditions of the  human source. These records are significant 
information sources in Pediatrics of usual and pathological sound phenomena originated from the nose, 
pharynx and mouth and the deeper airways. The sonagrams represent wide range of various kind of 
investigated voices and anomalies: cry stridor and coughs of infants and children get ill in different 
disseases. 

82



A.1. Set of cries 
 
 

 
Hoarse cry of a 5 months old infant. (Laryngeal croup)  
 
 
 

 
Tense, pressed, bitonal cry of an 11 months old infant. (Hyperkinetic 
dysphonia.) 
 
 

 
Tense, pressed cry of a 4 months old infant. (Hyperkinetic 
dysphonia) 
 
 

 
Hyperkinetic, pressed, false-vocal-cord cry of a 12 months old 
infant. (Hyperkinetic dysphonia) 
 

 
Raucous, pressed, tense cry of a 4 months old infant. 
(Dysphonia) 
 
 

 
Crackling cry of a 7 months old infant. (Dysphonia)  
 
 
 

 
Crackling cry of a 7 months old infant. (Acute laryngitis, with 
insufficiency of the internal and transverse muscles) 
 
 

 
Shrill cry of a 12 months old infant. (Hypercinetic dysphonia) 
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A. 2. Set of stridors. 
 
 

 
Pharyngeal-type stridor of a 5 months old infant. 
(Micrognathia) 
 
 

 
Mixed type of stridor in a 6 months old infant. 
(Micrognathia, laryngotracheomalacia) 
 
 

 
Sawing stridor in a 6 months old infant. (Bilateral choanal 
atresia. Partial Robin sequence - micrognathia, gothic 
palate) 
 

 
Rasping stridor of a 34 months old child. (Hypertrophy of 
the tonsils, adenoid vegetation). 

 
Croaky stridor of a 1 day old newborn. (Micrognathia, 
glossoptosis) 
 
 

 
Snoring stridor in a 3 months old infant. 
(Micrognathia) 
 
 

 
Bubbling stridor in a 3 months old infant. (Gargoylism, 
multiple congenital anomalies)  
 
 

 
Divided pharyngeal stridor in a 10 months old infant. 
(Cornelia de Lange syndrome) 
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A. 3. Sonagrams in case of laryngithis 
 
 

 
Moderate, diffuse inflammation of the laryngeal mucosa. Hoarse 
cry. 
 
 

 
Moderate, diffuse inflammation of the laryngeal mucosa. The 
hoarse cry clears up immediately after the direct endoscopic 
removal of fibrin. 
 

 
Laryngeal thrush (verified by mycological examination). 
Infant aged 9 months. Recordings made before the aspiration 
of the thrush colonies. 
 

 
Laryngeal thrush (verified by mycological examination). 
Infant aged 9 months. Recordings made after the aspiration of 
the thrush colonies. 

 
State after prolonged intubation. Child aged 2½ years. 
Recordings made 2 days after extubation. 
 
 

 
State after prolonged intubation. Child aged 2½ years. 
Recordings made 12 days after extubation.  
 
 

 
Condition after prolonged intubation. Subglottic stenosis. 
Infant aged 6 months. (Stridor-phonation and hollow 
cough) 
 

 
Hoarseness. Child aged 2½ years. (Laryngeal papilloma). 
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A. 4. Sonagrams having typical A/V characters 
 
 

 
Down's syndrome. Infant aged 3 weeks. 
  
 
 

 
Cri du chat syndrome. Child aged 2 years. Cry closely 
resembling the mewing of a cat 
 
 

 
Mewing of a 1 year old cat showing striking acoustic similarity 
to the cry of the cri du chat syndrome infant. 
 
 

 
Myasthenia gravis. Child aged 23 months. Faint, inert, and 
veiled cry. 

 
Myasthenia gravis. Child aged 23 months. Faint, inert, and 
veiled cry clears up and becomes powerful following  i.v. 
Tensilon. 
 

 
Pseudocroup. Child aged 2 years. Dull, but clear cry; deep 
subglottic inspiratory stridor. 
 
 

 
Pseudocroup. Child aged 2 years. Barking cough.  
 
 
 

 
Congenital goitre. Infant aged 2 weeks.: Deep, hollow cough. 
When crying or when handled, stridor with cyanosis 
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A. 5. Cry is a signal, a sign, and a symptom 
 
 

 
Congenital rigid stenosis of the trachea (Sedláčková’s syndrom). 
Infant aged 3months. Deep, hollow tracheal stridor. 
 
 

 
Stenosing laryngotracheobronchitis. Infant aged 18 months. 
Dull, slightly hollow cry; inspiratory stridor; occasionally 
hollow, deep cough. 
 

 
Foreign body in the trachea and bronchus (a 9 cm long husk, 
removed). Infant aged 6 months.  
 
 
 

 
Spastic bronchitis. Infant aged 6 weeks. Slightly sibilant, spastic 
expiratory stridor. 
 
 

 
Pertussis. Infant aged 10 months. Staccato cough and stridor-
phonation. 
 
 

 
Pneumonia. Infant aged 3 months. Suppressed, painful cough. 
 
 
 

 
Mild laryngitis associated with dysphonia. Prematurely born 
infant aged 6 months. Hoarse, then pressed and forced cry; 
occasional episodes of aphonia Inspiratory phonation may also 
be heard. 
 

 
Mild laryngitis associated with dysphonia. Prematurely born 
infant aged 6 months. Highly variable. Hoarse, then pressed 
and forced cry; when the baby relaxes, its voice is almost 
clear, or veiled at the most. 
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