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Background. our brain accomplishes the remarkable feat of processing a continuous stream of incoming sensory informa-
tion at an astonishing speed. Auditory perception is a complex process of organizing sensory information received by the brain through 
the auditory system.
Objectives. Auditory perception in children affected with pathological muscle tone, including a comparison of spatial localization in 
children without tonus abnormalities; the influence of age and gender on auditory reactions in children with and without pathological 
muscle tone.
Material and methods. The studied group consisted of 29 (100%) subjects, made up of 8 females (28%) and 21 males (72%), all afflicted 
with tonus pathology. The children were aged between 30 and 116 weeks (mean age 44.6 weeks) and divided into subgroups according to 
their levels of motor development. The control group was composed of 30 children, whose motor development was within norm limits.
Results. A delayed motor development in children corresponds with spatial hearing impairment. Children have a particular problem 
with locating sounds coming from above and below the head. The main factors contributing to abnormal auditory perception include: 
delayed physical development, reduced muscle tone and age.
Conclusions. our study demonstrates a significant relationship between pathological tonus and auditory perception disorders. Abnor-
mal auditory reactions could be observed in children with pathological tonus. This, in turn, affects the development of spatial hearing. 
A relationship has been found between children’s age and spatial hearing. Children under 40 weeks of age tended to have worse hear-
ing reactions than older children.
Key words: directional hearing, auditory perception, sound source localization, delayed motor development, proper motor development.
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Background 

Auditory perception is a complex process of organizing sen-
sory information received by the brain through the auditory 
system. The information is subsequently processed and used in 
thought processes and speech [1]. localization of a source of 
sound refers to the ability to establish the actual direction of 
an incoming sound and to assess the distance from its source. 
The sensation that forms outside the head of a subject has been 
termed the externalization of a sound image [2]. Auditory per-
ception also refers to the ability to receive, recognize, discrimi-
nate and interpret sounds. in order to properly determine the 
source of a sound in space requires taking into account three 
planes: horizontal, medial and frontal. All these planes cross in 
the middle of the head, marking the point 0.0 on the coordinate 
system. The horizontal plane passes through the lower edges of 
the orbital cavities and the lower edges of the external auditory 
foramens. The frontal plane is perpendicular to the horizontal 
one, whereas the medial plane lies perpendicularly to the other 
two planes [3]. sounds coming from the front are localized more 
easily than those approaching from the back or the side. direc-
tional hearing precedes the development of speech reception, 
pure tone or noise, which is why some children either develop 
distorted speech or do not develop speech at all. Wyatt et al. 
found that a dysfunction of one sense adversely impacts the 
other senses. He observed in a group of deaf subjects a dete-

rioration of motor and visual-motor fitness [4]. The finding led 
to the formulation of a hypothesis that motor disorders affect 
the development of auditory perception. This aspect of human 
development is important in the context of primary healthcare. 
The role of a family doctor is vital, as he or she is the first to spot 
any abnormalities and refer the child to a specialist and for fur-
ther examinations [5]. early diagnosis and prescribing relevant 
therapy to support auditory perception enable harmonious de-
velopment of speech. Moreover, auditory deficits, in particular 
concerning tinnitus, are associated with impaired visual and so-
matomotor functions. it has been shown that certain features 
of sound may be distorted in patients with abnormal voltage 
within the muscles of the neck, head and limbs [6–18]. 

Objectives
Auditory perception in children affected with pathologi-

cal muscle tone, including a comparison of spatial localization 
in children without tonus abnormalities. The influence of age 
and gender on auditory reactions in children with and without 
pathological muscle tone.

Material and methods
The studied group consisted of 29 (100%) subjects, made up 

of 8 females (28%) and 21 males (72%), all afflicted with tonus 
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pathology. The group were recruited from the Children’s reha-
bilitation and Therapy Center ‘Corecta’ in szczecin, as well as 
department of Pediatrics, endocrinology, diabetology, Metabol-
ic diseases and Cardiology of developmental Age of the Autono-
mous Public Clinical Hospital at unii lubelskiej st. in szczecin. 
The children were aged between 30 and 116 weeks (mean age 
44.6 weeks) and divided into subgroups according to their lev-
els of motor development: 20 (68%) of the children suffered 
from hypotonia of central origin caused by hypoxia (3 subjects) 
and premature birth (17 subjects). The remaining 9 (32%) were 
hypertonic due to perinatal damage (5 subjects) and hypoxia  
(4 subjects). The eligible children were with moderate or severe 
disorders of muscle tone. The study did not take into consid-
eration children with a mild decrease in muscle tone. evalua-
tion of muscle tone and motor development was performed by 
a child neurologist and a specialist in physiotherapy. A physical 
examination and a test for neurological symptoms in order to 
evaluate muscle tone were performed on the children. The 
children underwent Bobath and Voida rehabilitation therapies, 
which lasted between 30 and 116 weeks.

The control group was composed of 30 children whose mo-
tor development was within norm limit. The group comprised 17 
females (57%) and 13 males (43%), aged between 33 and 118 
weeks (mean age 55 weeks). some of the children were under 
the care of a pediatrician in the outpatient clinic of the Pomera-
nian Medical university. The treatment group and the control 
group came from the West Pomeranian Province and were of 
the same age. All groups were with hearing disorders. Children in 
the control group were found to have abnormal muscle tension.

The hearing test carried out by means of the auditory brain-
stem response test (ABr) revealed that none of the children 
participating in the study suffered from any hearing disorders.

screening for sound localization disorders was conducted 
with a calibrated rattle manufactured by Manchester rattle, 
emitting sounds at a frequency of 5 kHz. These are standard 
tools normally used for testing hearing in children. 

during the test, the child was sitting on their parent’s lap, 
with their back to the examiner, who, from a distance of one 
meter, was delivering sounds using the rattle positioned at the 
level of the ear, on the left and on the right side, as well as above 
and below the level of the head.

The results were considered normal when the examined 
child was looking for the source of the sound in the correct di-
rection. lack of such a reaction meant an abnormal result. We 
also designed an original questionnaire with 20 questions con-
cerning the children’s gender, age and date of birth, the number 
of previous pregnancies of the mother and the course of the last 
one, labor and the child’s Apgar score. Parents of the children 
with retarded motor development were questioned about the 
length of the rehabilitation therapy and the motives for choos-
ing it for their children.

The study was approved by the Pomeranian Medical univer-
sity Commission of ethics – resolution no. kB-0012/89/02/17.

Statistical analysis

descriptive statistics were used in data analysis. The shap-
iro–Wilk test was applied to check the normality of distribution 
of quantitative variables. since the tested quantitative variables 
deviated from normal distribution, the analysis was carried out 
by means of the non-parametric Mann–Whitney u test. To as-
sess nominal variables in children with or without disorders, 
a chi-squared test was employed. spearman’s ranks enabled 
the assessment of the correlation between qualitative variables. 

effect size for contingency tables was used for the analysis of 
the relative risk and the odds ratio. The results were considered 
statistically significant at p < 0.05. licensed sTATisTiCA 12 (stat-
soft, inc. Tulsa, ok, usA) software was used for performing the 
calculations.

Results

Table 1. Characteristics of the group of children afflicted with 
tonus pathology and children whose motor development was 
within the normal limit
 Children with 

pathological 
tonus  
(n = 29)

Children with 
normal tonus  
(n = 30)

p

Female 8 (27.59%) 17 (56.67%) 0.02
Male 21 (72.41%) 13 (43.33%)
natural childbirth 10 (34.48%) 14 (46.67%) 0.34
Caesarean section 19 (65.52%) 16 (53.33%)
Pregnancy normal 22 (75.86%) 23 (76.67%) 0.94

disturbed 7 (24.14%) 7 (23.33%)
Burden of 
perinatal

yes 11 (37.93%) 9 (30.00%) 0.52
no 18 (62.07%) 21 (70.00%)

Week of birth 37.5 ± 3.3 39.2 ± 1.4 0.03
Apgar score 9.5 ± 0.9 9.7 ± 1 0.21
Age [weeks] 42.1 ± 28.4 46.9 ± 18.2 0.06

Table 2 illustrates the relationship between auditory reac-
tions to sounds delivered from above and below the head, as 
well as from the level of the left and the right ear in children 
with pathological and normal tonus. Tests of auditory percep-
tion, including spatial localization, revealed a dysfunction of the 
right ear in 4 (6.8%) children afflicted with tonus abnormalities, 
whereas no such dysfunction was observed in patients with 
physiological tonus (p = 0.03).

The relative risk of the occurrence of dysfunction of the 
right ear in people with pathological muscle tone is twice as 
high as the risk of the dysfunction occurring in people without 
tonus disorders (rr = 1,833). When the sound was delivered 

Table 2. Analysis of the relationship between auditory reactions to sounds delivered from above and below the head, as well as from 
the level of the left and the right ear in children with pathological and normal tonus
Variables Children with pathological tonus  

(n = 29)
Children with normal tonus 
(n = 30)

p

n % n %
Auditory perception in 
the context of spatial 
localization

right ear normal 25 42.4 30 50.8 0.03
disturbed 4 6.8 0 0

left ear normal 27 45.8 30 50.8 0.14
disturbed 2 3.4 0 0

above normal 9 15.3 21 35.5 0.002
disturbed 20 33.9 9 15.3

below normal 10 16.9 23 38.9 0.001
disturbed 19 32.3 7 11.9
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life. This hypothesis can be supported by the fact that the grad-
ually increasing diversification of a child’s movements (turning 
sideways, sitting and getting up to the vertical), where tonus 
plays an important role, runs parallel to the development of au-
ditory functions (lateral, up and down localization). 

There are a host of circumstances affecting proper physical 
development. According to kułakowska, gradual understand-
ing of the body schema is very intensive in children in the first 
months of life and depends on certain factors, such as time, in 
which particular structures within the central nervous system 
mature as well as all the sensations resulting from the impact 
of the environment [22]. Postural tonus forms and develops 
owing to frequent changes in the position of the body. new 
sensory stimuli are provided, and the medial line becomes evi-
dent, which affects the process of lateralization. Proper tonus 
and reception of proprioceptive stimulation are other vital pre-
requisites for lateralization and, consequently, a normal body 
schema.

The development of lateralization is determined by the en-
vironment a child grows in, overall development, as well as in-
nate patterns. delayed lateralization can be observed in children 
with neurodevelopmental disorders [29]. ritzke et al. found that 
deaf children displayed abnormal development of the rib cage 
and posture. Also, other studies proved that impaired hearing 
indirectly affects motor fitness and physical activity [30]. The 
relationship between impaired hearing and motor fitness and 
physical activity was not confirmed by gesell and Amatura, even 
though they did find a correlation between motor skills and the 
development of cognitive functions in children during their ba-
byhood [31]. Myklebust also noticed that hearing impairment 
impacts physical development. He pointed to the existence of 
a relationship between distorted physical development and 
a type and etiology of deafness. He argues that the components 
of physical fitness that are particularly affected by lack of hear-
ing are: coordination, movement speed and balance [28].

The correlation between muscle tone and physical de-
velopment and auditory localization was also confirmed by 
szkiełkowska et al., who demonstrated in her research that in 
27% of children with delayed speech development correspond-
ed with pathological muscle tone in early childhood. 

it is worth noting that hearing impairment frequently results 
in delayed speech development, so it is essential that children 
with a motor disorder undergo thorough hearing testing [27]. 

Auditory perception develops with age, and proper growth 
stimulates the improvement of auditory perception in 3-month-
-old babies. The process is attributed to increased motor activ-
ity and, in particular, better performance of head movements. 
At this time, auditory reactions are becoming more distinct 
for a child [32]. Another author points out that it is not before 
a child turns 5 months old that they begin to turn the head to-
wards a sound, listen intently or try to localize the source of 
a sound coming from the side. A 9-month-old infant already 
has the ability to localize sounds emitted from the side, above 
or below the head [33]. normalization of multisensory connec-
tions is determined by the frequency at which a certain experi-
ence occurs. The hearing ability that babies develop proves that 
stimulating the hearing organ must be accompanied by physical 
exercise [32]. 

it is worth bearing in mind that age is a factor that must be 
taken into consideration while assessing a child’s growth. each 
sense and organ takes time to develop. Children aged between 
1 and 4 months are still unable to localize a sound, but those 
who are a few months older (4–8) will have already acquired the 
ability. They also begin to imitate actions that they see around 
them. The same applies to sounds. Babies gradually try, in their 
own way, to mimic the sounds they hear. 8–12 months of age 
marks the time when children’s actions are becoming intentional 
and thoughtful [34]. it is important that each sense develops 
normally. Abnormalities in the development of one function can 
have a negative influence on the development of the entire body.

from overhead, abnormalities in 20 (70%) of the children with 
tonus disorder were found compared to 9 (30%) of the children 
with normal tonus. Children with pathological tonus are 5 times 
more likely to develop disturbed auditory perception of over-
head sounds (or = 5,185). The analysis of lower spatial local-
ization produced similar results (or = 6,243); here, the abnor-
malities were reported in as many as 19 (66%) of the children 
with abnormal muscle tone. By comparison, only 7 (23%) of the 
healthy children displayed problems with localization of a sound 
sent from below. 

Table 3 illustrates the relationship between age, develop-
ment and reactions to sounds delivered laterally (right and left 
ear) and from above and below the head in children with path-
ological and normal tonus. The strongest negative correlation 
was found between the children’s age and disturbed auditory 
reactions to a sound whose source was placed overhead, as well 
as to a sound delivered laterally from the right side.

younger subjects with pathological tonus proved worse at 
reacting to sounds approaching from below the head and to-
wards the right ear than their healthy counterparts. They were 
also less effective in localizing sounds emitted from above and 
below the head, as well as those approaching the right ear.

Table 3. Analysis of the relationship between the children’s 
age and their reactions to sounds delivered laterally (right and 
left ear) and from above and below the head in children with 
pathological and normal tonus

Pair of variables n R p

Child’s age [weeks] & right ear 59 -0.36 0.005

Child’s age [weeks] & left ear 59 -0.26 0.048

Child’s age [weeks] & above 59 -0.40 < 0.001

Child’s age [weeks] & below 59 -0.24 0.071

Discussion 

Auditory perception, and sound localization in particular, is 
a higher auditory function. it is by all means essential for the 
proper development of a human organism and its motor func-
tions. Any abnormalities occurring in the development of those 
skills might seriously impair a child’s development, which can 
consequently have an adverse effect on their future life.

our study demonstrates a relationship between children’s 
pathological tonus, their age and auditory perception. 

no scientific publications concerning auditory perception in 
children with pathological tonus have been found. A number of 
existing studies focused on an analysis of the ability to localize 
sound in space. The researchers described methods of evalua-
tion of directional hearing (Polizer, Preyer, Wertheimer, Muir) or 
contemplated babies’ ability to localize a source of sound [3, 19, 
20]. An abnormality present in at least one of the higher audi-
tory functions, such as directional hearing, sound discrimination 
or time analysis of a sound signal, provides a basis for diagnos-
ing disturbances in the functioning of central auditory process-
ing in children [21]. 

Although kułakowska worked on a description of motor de-
velopment and factors that can adversely affect it, she did not 
take hearing disorders into account [22–24]. krawański [25] and 
dziedzic and rempelewicz [26], studying a cohort of children 
with hearing impairment, found that their motor development 
was delayed in comparison with children that could hear well. 
szkiełkowska et al. [27] and Myklebust [28] noticed that physical 
development correlates with proper hearing and, consequently, 
speech development. 

our research proves the existence of a relationship between 
pathological muscle tone and impaired auditory perception in 
children. it can be concluded that auditory and motor functions 
significantly interact with each other during the first months of 
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Conclusions
our study demonstrates a significant relationship between 

pathological tonus and auditory perception disorders. Abnormal 
auditory reactions could be observed in children with pathologi-
cal tonus. This, in turn, affects the development of spatial hear-
ing. A relationship has been found between children’s age and 
spatial hearing. Children under 40 weeks of age tended to have 
worse hearing reactions than older children. exercise to improve 
the development of spatial hearing seems to be the appropriate 
management of disturbed muscle tension in children.

our study also demonstrated a correlation between age and au-
ditor perception. older children proved better at localizing a source 
of sound, which corresponds with the current state of research. 

Limitations of the study

if our group was greater, we would more accurately be able 
examine the problem of auditory perception in children with 
abnormal muscular tension. our studies only signal the problem 
and provide an introduction to further work.

source of funding: This work was funded by the authors’ own resources.
Conflict of interest: The authors declare no conflict of interests.
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