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Much has been studied on the role of the acoustic 
reflex in the communication process. Aim: To examine the 
responses of the contralateral acoustic reflex in children with 
normal hearing and phonological disorders. To investigate the 
relationship of the level of severity of phonological disorder. 
To measure the chances of it affecting all the frequencies 
tested. Materials and Methods: The study was based on the 
analysis of medical charts from 70 children with phonological 
disorders, and 24 females and 46 males, aged between 5 and 
7 years. Audiological tests were analyzed to exclude children 
with hearing loss, evaluation of the contralateral acoustic 
reflex and the level of severity of phonological disorder. Study 
Design: Prospective. Results: All children showed change 
in the contralateral acoustic reflex. There was no significant 
relationship between the level of severity of phonological 
disorders and changes in the acoustic reflex for both genders. 
Female children showed no statistically significant value in the 
relationship between the frequencies, except at 500 Hz. Male 
children had more significant relationship in the association 
between changes in frequencies tested. Conclusion: It is 
believed that children with phonological disorders exhibit 
changes in the contralateral acoustic reflex.
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INTRODUCTION

The acoustic reflex (AR) or stapes muscle reflex is 
defined as an involuntary contraction of the middle ear 
muscles in response to a sound stimulus and its recor-
ding, which can be done ipsilateral (on the same side 
of the sound stimulus) or contralateral (on the opposite 
side of the sound stimulus) to the ear being evaluated1. 
Through acoustic immittance, it is possible to measure 
the values associated with the AR analyzed in the fre-
quencies of 500, 1000, 2000 and 4000 Hz2.

Such analysis has become a major event in au-
diology, since it allows for the investigation of afferent 
(sensorial) and efferent (motor) systems which are part 
of the stapes arc-reflex and that of the tympanic-ossicular 
system3.

AR investigation allows one to check the middle 
ear all the way to the Superior Olivary Complex.

Many are the functions assigned to AR, such as: 
improvement in the auditory attention for continuous 
sounds, separation of the hearing signal from the back-
ground noise, perception of intensity alterations above 
the auditory threshold, damping noises produced by 
chewing and by mandible movements during speech, 
participation in vocalization, improvements in speech 
discrimination under high intensities and frequency se-
lectivity, improvement in localization or sound direction 
sense through binaural interaction4-9.

The AR threshold or the intensity level value which 
guides the normality and integrity pattern of the auditory 
pathway structures are placed between 70 - 90 dBHL10-11; 
should there be an alteration, one can notice the lack of 
responses and/or values above 90 dBHL, characterizing 
AR as altered12,13. In the clinical practice we see patients 
with normal audiometries, however with AR responses 
above expected for normality standards and/or lack of 
responses14. These results - where AR alterations happen 
alone, with the follow up of tonal and vocal audio-
metry and tympanometry tests within normal patterns 
have sparkled interest towards research in these areas. 
Results from audiologic tests within normal ranges can 
be found in children who undergo speech substitution 
and omission processes. The speech of these children 
is characterized by abnormal sound production and 
inadequate use of the language speech rules according 
with the disposal or sounds and formation of the syllable 
structures. These events are called speech deviation or 
speech disorder15. The severity level of the speech disor-
der is described as the percentage of correct consonants 
(PCC) produced by the children and classified as severe 
(PCC<50%), moderate-severe (50%<65%), <100) medium 

and (65%<85%) medium-moderate >16.
Very little has been unveiled regarding the possi-

bilities of checking AR in children with speech disorders. 
The Literature is very poor in this issue.

Therefore, considering the information described 
above, our goals were to check and analyze contralateral 
AR responses in normal hearing children with speech 
disorder diagnostic. Moreover, our goal was to investigate 
whether an AR change in a given frequency is associated 
with disorders in different frequencies, in the same ear 
or in the contralateral ear for both genders.

MATERIALS AND METHODS

This study is registered at the Ethics in Research 
Committee (CEP) of the institution where it was done, 
under protocol # 046/02, carried out by means of survey 
in the Centro de Estudos de Linguagem e Fala (CELF) 
survey, of a Higher Education Federal Institution. Everyo-
ne responsible for the individuals participating in this 
study was informed about the assessment procedure 
and they signed an informed consent form, agreeing 
with the assessment.

As sample inclusion criteria we used the following 
requisites: have the authorization from the parents or 
guardians for the child to participate in the study, not 
have neurological, emotional and/or perception disor-
ders, and/or congenital diseases; be between five and 
seven years of age; have a satisfactory performance in 
speech and hearing screening, except those associated 
with speech and hearing therapy, not have any anatomi-
cal or physiological alterations in the speech articulatory 
organs of expression and understanding language; not 
have auditory alterations.

The population selected for this study was made 
up of 70 children, with speech disorder, 20 females and 
46 males, with ages between 5 and 7 years. 

We used the following equipment:
Fonix FA - 12 clinical audiometer. All the stimuli 

were deployed in a sound-treated booth by means of 
a TDH 39 phone (ANSI S3.6/96: ANSI S343/92; ISSO 
389/91 calibration).

For the contralateral AR study in the frequencies 
of 500 to 4000 Hz we used the AZ7 audiometer, TDH 39 
phone, with a sound probe sound of 220 Hz to 70 dB 
(ANSI S3.6/96: ANSI S343/92; ISSO 389/91 calibration).

All the children were submitted to an interview, 
ear inspection, audiologic evaluation (tonal audiometry, 
speech reception threshold and speech recognition per-
centage index), tympanometry, assessment of the speech 
articulation organs, Child Speech and Hearing Evaluation 
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(AFC)17 and establishing the speech and hearing disorder 
severity calculated from the PCC16. Moreover, they were 
submitted to neurological and otorhinolaryngological 
evaluations.

The 500, 1000, 2000 and 4000 Hz frequencies 
were tested in the right and left ears in order to assess 
contralateral AR.

The data was analyzed with the aim of observing 
which sample incident value of individuals with speech 
and hearing disorders have contralateral AR alteration. 
In a second moment, the data was crossed in order to 
correlate AR alterations with the severity of the speech 
and hearing disorder. Finally, the data of all the frequen-
cies tested (contralateral) was equally crossed in order 
to check for a possible relationship that some frequency 
alteration could have with other frequencies outside the 
normal range, in the same ear or in a contralateral ear.

The data was statistically analyzed by the Pearson’s 
test for coefficient correlation purposes18.

In order to better appreciate the results and discus-
sion, the statistical calculations were also done by gender.

RESULTS

The study sample showed altered contralateral 
AR values for the 70 children, in other words, 100% of 
the results obtained were outside normal ranges for the 
stapes reflex evaluation. Tables 1 through 3 show the 
acoustic reflex threshold analyses, its distribution and 
mean value in all the frequencies tested. 

Of the 24 girls, there was no statistically significant 
value between the level of severity and the speech and 
hearing disorder in the frequencies tested. Regarding the 
involvement seen at the given frequencies, there was no 
significant value which would determine a relationship 
between the altered frequencies, except for 500 Hz. 
Having an alteration at 500 Hz, in the left or right ear, 
together with an alteration in the same frequency in the 
opposite ear, as depicted on Table 4.

Table 1. Contralateral acoustic reflex thresholds in the entire sample

Variables N mean SD VC% Minimum Maximum

od500 70 94.92 7.49 7.89 75.0 120

oe500 70 93.78 6.39 6.81 75.0 110

od1000 70 93.21 6.75 7.25 80.0 120

oe1000 70 93.00 6.72 7.23 75.0 110

od2000 70 95.37 8.52 8.94 75.0 120

oe2000 70 94.28 7.33 7.78 80.0 110

od4000 70 94.07 9.06 9.63 80.0 120

oe4000 70 92.14 8.99 9.75 70.0 120

N = subjects
SD = standard deviation
VC% = variation coefficient percentage

Table 2. Contralateral acoustic reflex threshold analysis for males.

Variables N mean SD VC% Minimum Maximum

oe500 46 94.78 7.81 8.24 75.0 120

od500 46 93.04 6.62 7.11 75.0 110

od1000 46 93.15 7.25 7.78 80.0 120

oe1000 46 92.93 7.57 8.14 75.0 110

od2000 46 95.32 9.39 9.85 75.0 120

oe2000 46 93.91 7.95 8.46 80.0 110

od4000 46 94.23 10.05 10.66 80.0 120

oe4000 46 92.05 10.46 11.36 70.0 120

N = subjects
DP = standard deviation
VC% = variation coefficient percentage
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As for the males, the 46 individuals did not show 
statistically significant values during the testing of the 
severity level of disorder with alterations in the acoustic 
reflex. The frequency alterations seen in this gender 
proved that there is a strong correlation there, on the 
right or left ears. The disagreement registered in a given 
frequency is followed by the same alterations in other 
frequencies. The 4000 Hz frequency in the right ear had 
a significantly lower value when compared to the other 
frequencies - when associated with the 1000 and 2000 
Hz frequencies. These values are depicted on Table 5. 

DISCUSSION

This paper was possible and very interesting due 
to the fact that the individuals presented contralateral 

AR responses which were out of the normal ranges. In 
fact, abnormal values for these responses and the speech 
and hearing disorder seem to have a very close relation.

Analyzing children with speech disorders we noti-
ced very different idiosyncrasies and socio-environmental 
factors among them, leading us to believe that these 
children must be watched separately, bringing to play 
numerous approaches and challenges as to etiology and 
treatment methodology. The inspection and identification 
of characteristics which are common to this group serve 
as guiding factor for a better understanding of the factors 
which lead to the speech disorder and a more efficient 
treatment approach.

The fact that 100% of the children evaluated sho-
wed contralateral AR alterations may serve as a guiding 
factor for future studies, since the present study repre-

Table 3. Contralateral acoustic reflex threshold analysis for females.

Variable N mean SD VC% Minimum Maximum

od500 24 95.20 6.99 7.34 80.0 110

oe500 24 95.20 5.80 6.09 80.0 105

od1000 24 93.33 5.83 6.25 85.0 110

oe1000 24 93.12 4.84 5.20 85.0 100

od2000 24 95.41 6.74 7.06 85.0 115

oe2000 24 95.00 6.07 6.39 85.0 110

od4000 24 93.75 6.95 7.41 85.0 115

oe4000 24 92.29 5.31 5.75 80.0 105

N = subjects
SD = standard deviation
VC% = variation coefficient percentage

Table 4. Results obtained from crossing data between the contralateral acoustic reflex frequencies and the speech disorder severity in females.

Fem  od500 oe500 od1000 oe1000 od2000 oe2000 od4000 oe4000

SD degree  0.037 - 0.084 - 0.132 - 0.097 - 0.105 - 0.097 - 0.133 - 0.012

od500  - 0.695* 0.275 0.268 0.251 0.127 0.117 0.101

oe500   - 0.074 0.285 -0.085 0.030 0.006 0.263

od1000    - 0.115 0.226 0.298 0.274 0.238

oe1000     - 0.224 0.279 0.088 0.131

od2000      - 0.283 0.251 0.280

oe2000       - 0.237 0.204

od4000        - 0.275

oe4000         -

SD degree = speech disorder degree
The (p) significance varied between 0.02 - 0.98 for females.
There was no significant association.

All the frequencies with low significant values.
*Significant at P<.0001
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sented a common trait among the children with speech 
disorder.

The results reached in the attempt to associate 
acoustic reflex alteration with the percentage of cor-
rect consonants in the speech of children with speech 
disorders, did not yield statistical significance indexes, 
different from one study19 which reported an auditory 
discrimination with the severity of the speech disorder, 
in which the individuals with medium disorder presented 
a better performance regarding hearing discrimination, 
compared to children with a higher speech disorder 
severity. Another study present in the literature20 is the 
correlation between the speech disorder severity level 
and the working memory in children, with a positive 
relation among them.

In comparing the genders, we can notice that there 
was a prevalence of AR alterations associated with males. 
We must stress the numerical differences found in the 
study; nonetheless a very plausible justification for this 
fact is on the lower rate of people looking for speech 
therapy for girls, in other words, speech disorders for 
this gender happen less frequently21-22.

As we analyze Table 4, we can notice that there 
is a lower significant relation regarding the involvement 
of the frequencies tested, when compared to the values 
on Table 5. Thus, we must state that among females 
there are greater chances of having values within what 
is expected in the normal range for males, which are 
more susceptible to alterations, observing the relationship 
existing among the frequencies.

This factor is extremely relevant, since it reaffirms 
the superiority of females in terms of anatomical and 
physiological structures associated with speech skills23-24.

In girls, we can notice certain flexibility and au-
tonomy as far as AR response analysis goes, in other 
words, there is no statistically significant value between 
the frequencies tested in order to state that there is an 
association between them, their values are somewhat 
independent. There was a statistically significant value 
for the 500 Hz frequence. In cases of AR alterations in 
this frequency, either in the right or left ear, an alteration 
in the same contralateral frequency is also expected2.

Boys seem to have a greater predisposition to alte-
rations in responses related to the efferent pathways25-27; 
there is a significant correspondence of the frequencies 
among each other for altered results found in the contra-
lateral AR. As depicted on Table 5, should there be any 
alteration in one of the frequencies tested, it happens 
with mismatches in the remaining frequencies, when it 
is possible to observe a joint association in the AR fre-
quencies for this gender. Notwithstanding, at 4000 Hz, 
the right ear presented a significantly lower value when 
associated with the 1000 and 2000 Hz frequencies of 
the left ear. We did not find high occurrences of absent 
values in the frequency of 4000 Hz, which disagrees 
with another study14.

What truly stand out in this study are the answers 
found in all the children regarding contralateral AR in 
the 500 Hz frequency. It was possible to notice high 
significance among the data collected for both genders. 

Table 5. Results obtained from crossing data between contralateral acoustic reflex frequencies and the severity of the speech disorder in ma-
les.

Male  od500 oe500 od1000 oe1000 od2000 oe2000 od4000 oe4000

SD degree  0.041 0.236 0.638 0.297 - 0.058 0.262 - 0.119 0.001

od500  - 0.732 0.855 0.583 0.750 0.630 0.584 0.583

oe500   - 0.616 0.792 0.582 0.718 0.536 0.580

od1000    - 0.606 0.726 0.551 0.498 0.570

oe1000     - 0.564 0.755 0.358** 0.665

od2000      - 0.622 0.549 0.609

oe2000       - 0.441* 0.681

od4000        - 0.681

oe4000         -

SD degree = Degree of speech disorder
The (p) significance varied between 0.4817 - 0.9466 for males.
There was no significant association.

All the frequencies were significant at P<.0001
*Significant at P<0.002
**Significant at P<0.01
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This study leads us to think about the action of the au-
ditory system in sounds outlined by this frequency. It 
is interesting to analyze this result as a whole, in other 
words, to relate AR alterations and the speech and hea-
ring processes involved in the development of children 
with speech disorder. If there is an AR trend to help in 
frequency selectivity, in the damping control of speech 
sound low frequencies, favoring the perception of high 
frequency sounds and separation of the auditory signal 
from the background sound, for example, it is worth 
believing the 500 Hz frequency with altered AR value, 
within a situation such as speech disorder, can decisively 
impact the speech acquisition process.

In recent studies14,28, we have seen a very close 
relation between auditory process disorders29 and AR 
alterations in ears without apparent signs of tympanic-
ossicular involvement. 

In the study about temporal resolution perfor-
mance in children with speech disorder, the results ob-
tained show that these children are prone to presenting 
temporal processing and need more time to detect time 
intervals between auditory stimuli when compared to 
the children without speech disorders30.

In agreement with what has been presented and 
analyzed, we understand that the AR, as well as its func-
tions and representations in the auditory system, must 
be investigated more in depth in children with speech 
disorders. 

A future study must propose an investigation of 
speech disorders, AR recording and the auditory proces-
sing, with the aim of truly confirming these relations and 
discovering important tips of clinical relevance.

CONCLUSION

All the children assessed presented some contra-
lateral AR alteration and/or its absence; we then suggest 
a routine exam on AR thresholds in patients with speech 
disorders.

We did not find statistically significant relation 
when we tried to associate contralateral AR alterations 
and speech disorder severity.

The results shown suggest a greater involvement of 
the contralateral reflex structures in male children. There 
is a connection between disorders in the frequencies 
tested for this gender. As far as females go, this is less 
suggestive of these alterations, except for the 500 Hz 
frequency in the population studied. 

One may think that children with speech disorder 
who have altered acoustic AR may develop some diffi-
culties regarding auditory skills.
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