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Use of FM System in cochlear implant
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ABSTRACT

Purpose: To verify the use of the Frequency Modulation System (FM) and its benefit for cochlear implant users. 
Methods: Analysis of medical records of 113 users of Cochlear Implants (CI) adapted with FM System kits 
between September 2013 and September 2015 after publication of the Administrative Rule 1.274 of 6/25/2013, 
regarding the results of the speech perception tests (SPT) and the Listening Inventory For Education - Revised 
(LIFE-R) and Classroom Participation Questionnaire (CPQ). Results: The use of the FM System in the classroom 
was effective for 47.15% of the patients, while 21.42% did not use it. There was no correlation between the use 
of the FM System and the age group of patients. The results of the SPT regarding noise were statistically better 
with the use of FM System. Regarding the questionnaires, the score obtained in the LIFE-R in the situation 
“after use of the FM System” was statistically better for the item “listening situations in the classroom” and in 
the CPQ, for the items “teacher understanding” and “positive aspects”, when compared to the situation “without 
using the FM System”. Conclusion: Patients benefitting from the concession of the FM System made use of 
the device in the classroom and improvement in both speech perception in noisy environments and subjective 
impression of the understanding of teachers’ speech in the classroom was observed after the use of the FM System. 

RESUMO

Objetivo: Verificar o uso do Sistema de Frequência Modulada (FM) e o benefício deste dispositivo em usuários 
de implante coclear. Método: Análise de prontuários dos 113 usuários de Implante Coclear (IC), adaptados com 
kits de Sistema FM, entre setembro de 2013 e 2015, após publicação da Portaria 1.274 de 25/6/2013, referentes 
aos resultados dos testes de percepção de fala (TPF) e dos questionários Listening Inventory For Education – 
Revised (LIFE-R) e Classroom Participation Questionnaire (CPQ). Resultados: O uso do Sistema FM em sala 
de aula foi efetivo por 47,15% dos pacientes, enquanto 21,42% não o utilizaram. Não houve correlação entre 
o uso do Sistema FM e a faixa etária dos pacientes. Os resultados nos TPF no ruído foram estatisticamente 
melhores com o uso do FM. Em relação aos questionários, a pontuação obtida na situação “após uso do Sistema 
FM”, no questionário LIFE-R, foi estatisticamente melhor para o item “situações de escuta em sala de aula” e, 
no questionário CPQ, para os itens “compreensão dos professores e aspectos positivos”, quando comparada a 
da situação “sem uso do Sistema FM”. Conclusão: Os pacientes beneficiados com a concessão do Sistema FM 
fizeram uso do dispositivo em sala de aula e mostraram melhora tanto na percepção da fala no ruído quanto na 
impressão subjetiva da compreensão da fala do professor em sala de aula, após o uso do Sistema FM. 
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INTRODUCTION

The benefits of the use of hearing devices such as the 
cochlear implant (CI) and the hearing aid (HA) for hearing 
and oral language development are already known. Although 
these devices are determinant for these abilities, their users may 
present difficulties in understanding speech in certain situations 
and environments. The presence of competitive noise in the 
environment and factors such as reverberation and distance 
from the sound source may impair the relationship between 
the speech signal and noise(1,2).

The classroom setting is an example in which factors such 
as student numbers per class, reverberation, distance between 
the speaker and the listener, acoustics and excessive noise can 
hamper listening comprehension and generate educational 
losses. In this sense, the Frequency Modulation System (FM) is 
considered one of the most effective technological resources in 
order to remedy such difficulties, contributing to the improvement 
of speech perception(2-5).

Studies show that the use of the FM system favors the positive 
signal/noise ratio in more than 20 dBNA, due to the proximity 
of the microphone from 6 to 8 cm from the teacher’s mouth, 
directly influencing the improvement of speech perception(2,3,6). 
In Brazil, the right of the hearing impaired to the benefit of 
Assistive Technologies was assured by the Law of Directives 
and Bases of Education - LDBN/9394/96, enacted in 1996 and 
Law no. 5296 of 12/02/2004. More recently, on 6/25/2013, 
the ordinance no. 1.274 was published, which now includes 
the personal FM device as an auxiliary of hearing in the table 
of Procedures, Medications, Orthoses, Prostheses and Special 
Materials (OPM) of the Unified Health System (SUS). For the 
adaptation of the device, the ordinance considers the following 
indication criteria(7,8):

I. To have a hearing impairment and be a user of an 
Individual Hearing Aid (HA) and / or Cochlear Implant 
(CI); II. Possess mastery of oral language or in the 
development phase; III. Be enrolled in Elementary School 
I or II and / or High School; and IV. Present performance in 
evaluation of speech recognition in silence. It is suggested, 
when possible, a PSRI (Percentage of speech recognition 
index) better than 30% in the situation of silence. In the 
case of children in oral language development, when the 
PSRI or the use of word tests due to age is not possible, 
the speech detection threshold (SDT) equal or less than 
40 dBNA should be considered (with an HA or CI).

In addition to assessing the benefit of the FM System for 
speech perception, the monitoring of its use through reviews, 
interviews and evaluation questionnaires stands out as an effective 
measure for identifying situations capable of interfering with or 
preventing the use of this device and consequent elaboration of 
strategies able to solve eventual intercurrences(6,9).

The dispensing of the individual FM kits, via SUS, has 
favored opportunities for further studies regarding this device. 
However, there is still a lack of national research regarding the 
use of the FM System and the benefit generated by it due to 
the recent implementation of the public policy that regulates 
the dispensing of the device by the SUS. Therefore, the present 

study aimed to verify the use of the FM System and the benefit 
provided by this device in cochlear implant users.

METHODS

The present research was approved by the Research Ethics 
Committee of the Hospital of Rehabilitation of Craniofacial 
Anomalies of the University of São Paulo (HRAC/USP), 
with Certificate of Presentation for Ethical Assessment n. 
42447015.2.0000.5441/2015. Since this was a descriptive and 
retrospective study based on the medical records of patient users 
of CIs, there was no need to present the informed consent form to 
each patient. However, the data collected in the medical records 
were previously authorized by the patients or caregivers, using 
the institution’s own form, allowing the use and disclosure of 
the results of the procedures performed within the routine of 
care for research purposes.

To collect data, information was selected about adaptations 
of the FM System kits performed between September 2013 
and September 2015, constituting the first group of CI users of 
this institution to receive the FM System kit, after publication 
of Administrative Rule 1.274 of 06/25/2013 of the Ministry 
of Health.

A total of 113 medical records were analyzed, comprised 
of 58 female patients and 55 male patients, all users of CIs 
and adapted with the personal FM System kit, considering the 
indication criteria for adaptation and follow-up contemplated in 
the Ordinance. Patients selected in the series were aged between 
5 years and 17 years and 11 months (Figure 1).

The analysis of the medical records consisted of the collection 
of information documented by the speech therapist responsible 
for the care of the CI user in two different moments: 1º) on the 
day of adaptation of the FM System Kit; and 2) in return for 
monitoring the use of the FM System.

At the time of adaptation of the FM System Kit, the protocol 
for adaptation and monitoring of the FM System was performed in 
the HA and/or CI users, consisting initially of the interview with 
the CI device user and the responsible; Evaluation of the speech 
processor of the CI device, transmitter and receiver programming 
of the FM system and selection of the transmission channel; 
FM system test coupled to a speech processor and component 
synchronization check; Guidelines on the use/operation and 
care related to the FM System and supply of specific materials 
regarding the use of the FM System in the classroom(10,11).

Next, the speech perception evaluations were performed 
by means of the tests: List of recorded sentences and List of 
recorded disyllabic words.

The tests were performed in the free field, in an acoustically 
treated cabin, under two conditions: in silence and with competitive 
noise in order to simulate the classroom reality. During the 
test, the transmitter microphone of the FM System remained 
positioned approximately 15 cm from the center of the speaker.

In the competitive noise condition, the speech signal was 
presented by a speaker positioned at 0 ° azimuth of the patient, 
at the fixed intensity of 60dBNPS, while the noise was calibrated 
and presented in an speaker at 180° azimuth, also in the intensity 
of 60dBSPS, resulting in a signal-to-noise ratio of 0(10,11).
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Participants who had the ability to refer to classroom difficulties 
related to auditory performance and speech comprehension 
completed the Classroom Participation Questionnaire (CPQ) 
at the time of adaptation and in the return for monitoring. This 
questionnaire has the purpose of subjectively evaluating the 
participation and benefit of the student adapted with the FM System 
in the classroom, and the answers are directed to 28 auditory 
situations, divided into subscales: teacher comprehension, 
student comprehension, positive aspects and negative aspects. 
The results are scored according to the scale: 1 (almost never), 
2 (sometimes), 3 (usually) and 4 (almost always). Higher scores 
are desirable, except for the “negative aspects” scale, in which 
the inverted score is expected(6).

For those CI users who did not have sufficient skills to refer 
to the difficulties encountered in the classroom, the Listening 
Inventory for Education - Revised (LIFE-R) was delivered to 
the caregivers, an assessment tool for hearing skills in a real 
classroom situation through teachers’ perceptions(12).

Composed of 15 questions related to the different situations 
of listening in the classroom, the score of this test varies from: 
1 - difficulty in 100% of situations; 2 - difficulty in 75% of 
situations; 3 - difficulty in 50% of situations; 4 - difficulty in 
25% of situations; and 5 - absence of difficulty. The evaluation of 
student performance for listening situations is defined according 
to the sum of the points obtained for each question. Each student 
can achieve a total of 15 to 75 points, taking into account the 
two divisions of the questionnaire: “listening situations in the 
classroom” and “patient’s goals related to autonomy”(12).

Those responsible for the patients were instructed to deliver 
the questionnaire to the teacher and instruct him to respond in two 
moments: at the time of delivery and after at least one month of 
effective use of the FM System in the classroom. The stipulated 
period serves for the student to have the opportunity to experience 

and benefit from the device after the acclimatization period, 
showing the teachers reliable results.

In the adaptations, the CI user and the caregiver were advised 
as to the return visit to monitor the FM System, to be performed 
after three months of the adaptation date in order to verify the 
use and benefit related to the FM System.

The routine of procedures in the return visit to follow the use 
of the device consisted of the following procedures: interview 
with the CI user and the caregiver; evaluation of the speech 
processor of the CI device; evaluation of the FM System kit; 
FM system test coupled to a speech processor and component 
synchronization check; questionnaires to evaluate the benefit 
of the FM System: application of the CPQ questionnaire (after 
use of the FM System) or receipt of the LIFE-R questionnaire 
filled out by the teacher of the CI user and guidelines(10,11).

Table 1 presents the information regarding the return period 
for follow-up of the patients adapted with the FM System. Of 
the 113 patients adapted with the FM kit, 70 were present on 
the return visit until the final collection date. With these, the 
analysis of both the use and the benefit of the FM System was 
performed through the speech perception tests and questionnaire 
responses.

For the 29 patients adapted between August/2015 and 
September/2015, only the FM System benefit analysis was 
performed through the speech perception tests applied at the 
time of the FM System kit adaptation. The information on the 
use and questionnaires were collected in the return visit for 
the follow-up of these patients in a period after the date of 
completion of the collection of the present study.

In order to verify a possible correlation between the 
effectiveness of the use of the FM System in the classroom 
and the age group of adaptation, the patients who participated 
in the return visit were divided into three groups, G1: adapted 
patients with ages between 5 and 9 years (27 patients), age range 

Caption: a = years
Figure 1. Age and number of patients adapted with the FM System kit
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corresponding to Elementary School 1; G2: adapted patients 
aged 10-14 years (16 patients), referring to Elementary School 
2; and G3: adapted patients aged 15-17 years (27 patients), 
equivalent to high school.

For the statistical analysis, the following tests were used: 
Chi-square in order to establish the comparison between the use 
of the FM System and the different adapted age groups, and the 
paired t-test for the results of speech perception in noise with 
and without the use of the FM System and in the comparison 
of the answers of the CPQ and LIFE-R questionnaires, in the 
pre and post use situations of the FM System. The level of 
significance of ≤ 0.05 (5%) was adopted.

RESULTS

Use of the FM System

Figure 2 shows the Frequency of use of the FM System in 
the classroom referred by the patients themselves. The partial 
use described in the figure corresponds to the weekly use, but 
not daily in the classroom. One patient chose to return the FM 
System kit with the justification that they had decided not to 

use the device because of the shame in asking the teachers to 
use it during the lessons.

The justifications reported by the patients for the partial use 
or non-use of the FM System in the classroom are described in 
Table 2. Regarding the analysis of the correlation between the 
effectiveness of use and the age range of adaptation, there was 
no statistically significant difference in the comparison of the 
“no use” of the FM System in the different groups (Table 3).

Table 4 shows the data referring to the functioning of the 
device of the 70 patients who returned to follow up the FM 
System. One of the adapted patients did not bring the kit in the 
return visit for evaluation.

Benefit of the FM System

In Figure 3, we can observe a statistically significant increase 
in the results of the speech perception tests in the situation of 
competitive noise with the use of the FM System.

As for the questionnaires, among the 36 LIFE-R questionnaires 
delivered at the time of adaptation, only 9 respondents brought 
the questionnaire answered. Through statistical analysis, a 
significant difference was observed in the questions aimed at 
reducing difficulties in the classroom, in the moments before and 
after adaptation of the FM System kit. In the questions related 
to increased autonomy and instruction in school activities, there 
was no statistically significant difference, as shown in Figure 4.

Regarding the CPQ, of the 34 patients who received the 
questionnaire and returned for the follow-up, 21 responded correctly, 
11 responded incorrectly and 2 did not respond. Figure 5 shows 
the statistical analysis applied to the four subscales contained 
in the CPQ questionnaire, establishing a comparison between 
the responses obtained in the pre and post adaptation of the 
FM System kit. A statistically significant difference was found 

Figure 2. Use of the kit FM system in the classroom (n = 70)

Table 1. Number of patients according t the return period for follow up

Return for follow-up N (patients)

3 months 33

5 months to a 1 year 31

Over 1 year 6

Did not return 14
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between the results in the subscales “teacher understanding” 
and “positive aspects”.

DISCUSSION

Use of the FM System

Figure 2 shows that, of the 113 patients adapted between 
September/2013 and September/2015, 70 patients returned 
for the follow-up. Of these, most of them reported using the 
FM System in the classroom. Taking into account the fact that 
individuals with hearing loss present significant difficulties 
in understanding speech in noisy situations, as in the case of 
classrooms, with consequent negative interferences on the 
learning processes, adherence to the effective use of the FM 
System becomes and is fundamental to the development of the 
educational processes of these students(2,13).

The percentage of patients who did not use the FM System 
corresponded to 21.42% (Figure 2). However, most of the 
adapted patients who had partial or non-use of the device in 
the classroom reported benefiting from the FM System kit in 
other situations, for example, listening to music.

The restricted use of hearing aids in children and adolescents 
may be related to the presence of negative self-concept, 
psychosocial changes and high resistance, confirming the most 
common complaints expressed by some of the patients in the 
present study who made partial use of or did not use the FM 
System. They are: shame, lack of benefit and difficulties of 
acceptance (Table 2)(14). However, although the literature suggests 
greater resistance among adolescents compared to children 
in relation to the use of hearing aids, the data collected in the 
present study did not show a correlation between the non-use 
of the FM System and the adapted age group (Table 3)(14,15).

Regardless of age, the fact that some patients did not 
use the FM System due to shame points to the importance 

Table 2. Justification attributed to the partial use/non-use of the FM 
System

Justification N (patients)

Shame 7

Teacher’s Body Noise 2

Questions on handling 2

Fear of taking the kit to school 2

Difficulty of acceptance 5

Feeling of lack of benefit 4

Reduced perception of other colleagues’ speech 3

Loss of receiver/malfunction of components 12

Table 3. Number and percentage of patients in groups 1, 2 and 3 due 
to the use of the FM System

Number Mean (%)

Effective use 16 59.0

G1 Partial use 5 18.5

Non use 6 22.2

Effective use 7 43.8

G2 Partial use 6 37.5

Non use 3 18.8

Effective use 10 37.0

G3 Partial use 11 40.7

Non use 6 22.2

p Value 0.420
Caption: G=group; Chi-square statistical test with p Value at a significance 
level of ≤ 0.05

Table 4. Complaints and difficulties encountered in evaluating the 
operation of the FM system

Complaints and difficulties N (patients)

No complaints 37

Questions on handling 20

Malfunction (oxidation, flashing, noise) 8

Loss of componentes 4

Caption: * = Statistical test = paired t-test with p value at significance level of ≤ 0.05
Figure 3. Results of the speech perception tests: sentences and disyllabic words in the test condition with competitive noise with and without 
the FM System 
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of psychosocial support directed to these patients who need 
ancillary hearing resources for the full development of auditory, 
language, communication and learning(14,15).

Other justifications for the partial or non-use of the FM 
System were excessive teacher noise and the fear of taking the 
device to school. Regarding these complaints, the teachers’ 
understanding of the correct use of the FM System and its 
influence on the non-effectiveness of the use of the device in 
the classroom, as well as the importance of orientation to these 
professionals, is questioned.

In response to this need, the “Modulated Frequency System 
for Teachers” website was developed, an initiative of Dr. Maria 
Cecília Bevilacqua, Professor of the Department of Speech and 
Hearing Therapy at the Bauru School of Dentistry, University 
of São Paulo (FOB/USP), and the collaborating team in order 
to compose all the requirements during the process of granting 
FM System kits via the SUS(16).

Regarding the operation of the FM System kit, some of the 
problems presented by the patients / companions were related 
to the use and handling of the kit, which was solved with new 

Caption: * = Statistical test = paired t-test with p value at significance level of ≤ 0.05
Figure 4. Results of the LIFE-R questionnaire, in the pre and post-adaptation moments of the FM system kit

Caption: * = Statistical test = paired t test with p value at significance level of ≤ 0.05
Figure 5. Results of the CPQ questionnaire, in the pre and post-adaptation moments of the FM system kit
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guidelines. Other complaints were associated with misuse, such 
as loss of receptors and oxidation of components.

In order to improve access and quick resolution of problems, 
a page has been developed in the Babies Portal (website 
developed by the Bauru School of Dentistry of the University 
of São Paulo - FOB/USP, with information on Dentistry and 
Speech Therapy), focused on explanations on the use, care and 
handling of the FM System kits(17).

Other possibilities for more didactic orientations with the 
support of visual content materials are necessary in order to 
disseminate information in a fast and self-explanatory way, 
facilitating the understanding of the reader through a clear, 
simple and easy to understand language.

Benefit of the FM System

Regarding the results in the speech perception tests in noise 
(Figure 3), there was a statistically significant difference in 
the conditions with and without the FM System. A study that 
investigated the perception of speech in noise in 14 participants 
of CI patients, aged between 7 and 17 years, showed significant 
results in relation to the FM System benefit, and verified a better 
performance in children aged 10 years and over(5).

International authors provide evidence on the effectiveness 
of noise perception speech performance with the use of the 
FM System and show that routine use of the classroom device 
improves the signal-to-noise (S/N) relationship with remarkable 
success, if compared to the use of an unilateral CI(18,19).

These results support the indication of the FM system 
described in several international studies, which point to the 
device as an essential resource for hearing impaired children, 
especially in the school environment(1,9,20-25).

Associated with objective assessments, subjective measures 
can contribute to the effectiveness for the indication of hearing 
devices as well as their benefit. The LIFE-R evaluation questionnaire 
is an effective way of acquiring information about the school 
performance of the child adapted with the FM System, based 
on the teacher’s observation(26,27).

In the present study, the statistical analysis showed a significant 
improvement regarding the first item “listening situations in 
the classroom”. In the second item, “patient’s goals related to 
autonomy”, there was no statistically significant difference, 
and it can be justified by several questions not applied to the 
classroom routines.

A study of 12 teachers and a speech therapist responsible for 
adapting the FM System in children aged 7 to 13 years showed 
significant positive differences between the conditions with and 
without FM, both in the evaluation with the teachers and in the 
evaluation with the speech therapist(4).

Another research aimed at comparing the perception of 
speech therapists and teachers about the modification of the 
school performance of children adapted with the FM System 
showed a significant difference in the responses obtained in 
the LIFE-R questionnaire answered after the adaptation of the 
FM System, with the best response values obtained with the 
use of the device(6).

However, it is worth mentioning that the application of the 
LIFE-R questionnaire did not reach the objectives proposed, 

since there was no expected adherence to the instrument, 
and only nine patients presented the questionnaire correctly 
answered. In addition, the parents of the patients reported 
difficulty in understanding the questionnaire by the teachers 
when completing it.

Regarding the CPQ questionnaire, the statistical analysis 
showed a significant improvement in two items evaluated 
through the questionnaire: “teachers´understanding” and “positive 
aspects.” There was no statistically significant difference in 
“student understanding” and “negative aspects.”

It was possible to observe difficulties related to completing 
the questionnaire. Although it appeared that patients were able 
to respond to the test, many responded in the wrong way due to 
difficulties with language, absence of experiences related to the 
situations questioned and lack of understanding of their own 
feelings and perceptions regarding the situations in question. 
The impact of such difficulties when punctuating each question 
should be considered by the evaluators during the guidelines 
for the application of the questionnaires.

In agreement with the data obtained, national and international 
studies revealed positive differences in the responses of the 
CPQ questionnaire performed with the use of the FM System, 
as well as the evident improvement in the aspects of auditory 
accessibility, autonomy and independence of children in the 
classroom(6,28-30).

CONCLUSION

The follow-up of the patients who received the FM kits 
dispensed by the SUS allowed the evaluation of the use, benefit 
and eventual problems related to the operation of this device. 
In the present study, it was concluded that the majority of patients 
with cochlear implants showed an expressive adherence to the 
use of the FM System. In addition, the results demonstrated the 
benefit and effectiveness of this device in improving speech 
perception in noisy environments, such as the classroom.

The importance of materials that help teachers in the use 
of this technology and measures for parents to collaborate in 
the adaptation process are also emphasized. It is hoped that 
future research can be developed so that greater knowledge is 
obtained in this area.
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