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Hearing rehabilitation with Baha®
transcutaneous and percutaneous systems

Reabilitacdo auditiva com sistemas Baha®
franscutaneo e percutaneo

ABSTRACT

Purpose: Longitudinally verify the influence of auditory tonal thresholds obtained with transcutaneous and
percutaneous bone-anchored hearing aids on speech perception in individuals with external and/or middle ear
malformation and chronic otitis media. Methods: Observational, retrospective, longitudinal follow-up study of
30 unilateral users of the transcutaneous and percutaneous Baha® system for the collection of secondary data on
pure tone thresholds obtained through free field audiometry and sentence recognition threshold in silence and noise
in conditions: without the prosthesis; at the time of activation; in the first month of use (post 1); and in the third
month (post 2). Results: There was a significant difference between pure tone thresholds obtained at frequencies
of 3 and 4kHz with better results for the percutaneous technique at all evaluation moments. For both systems,
better performance was observed in sentence recognition in silence and in noise, with a significant difference in
activation (p<0.001), but it remained stable during the other evaluation moments. The percutaneous system showed
better benefit in recognizing sentences in noise only on activation (p=0.036), when compared to the transcutaneous
system. Conclusion: The percutaneous system provided better audibility for high frequencies; however, such
audibility did not influence sentence recognition in the silent situation for both systems. For the noise situation,
better responses were observed in the percutaneous system, however, the difference was not maintained over time.

RESUMO

Objetivo: Verificar longitudinalmente a influéncia dos limiares tonais auditivos obtidos com as proteses auditivas
ancoradas no 0sso transcutaneas e percutineas na percep¢do da fala em individuos com malformagao de orelha
externa ¢/ou média e Otite Média Cronica. Método: Estudo observacional, retrospectivo, de seguimento
longitudinal de 30 individuos usuérios unilaterais de sistema Baha® transcuténeo e percutaneo, para coleta de dados
secundarios dos limiares tonais obtidos por meio da audiometria em campo livre e do limiar de reconhecimento
de sentengas no siléncio e no ruido nas condigdes: sem a protese; no momento de ativagdo; no primeiro més
de uso (pos 1); e no terceiro més (pos 2). Resultados: Houve diferenga significante entre os limiares tonais
obtidos nas frequéncias de 3 e 4kHz, com melhores resultados para o percutineo em todos os momentos de
avaliagdo. Para os dois sistemas, observou-se melhor desempenho no reconhecimento de sentengas no siléncio
e ruido, com diferenca significante na ativagdo (p<0,001), porém manteve-se estavel nos demais momentos de
avaliagdo. O sistema percutaneo mostrou melhor beneficio no reconhecimento de sentengas no ruido apenas na
ativacdo (p=0,036), quando comparado ao transcutdneo. Conclusao: O sistema percutaneo possibilitou melhor
audibilidade para as frequéncias altas; contudo, tal audibilidade ndo influenciou no reconhecimento de sentengas
na situacao de siléncio para ambos os sistemas. Para a situacdo de ruido, melhores respostas foram observadas
no sistema percutaneo; porém, a diferenca ndo se manteve no decorrer do tempo.
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INTRODUCTION

In the context in which it is not possible to adapt hearing
aids by air conduction due to anatomical, physiological or
pathological factors, such as recurrent malformations and
infections of the outer and/or middle ear or allergic processes
related to the earmold, the bone anchored hearing aids (BAHA),
enable the auditory rehabilitation process!-?. This type of bone
conduction electronic device provides the necessary audibility
and speech perception for the acquisition and development of
oral language, in addition to contributing to school development
with the insertion of the individual in the job market and favoring
socialization, with consequent impacts on the quality of life.

The indication for the BAHA is based on audiological and
medical criteria, such as bone conduction hearing thresholds
and skullcap thickness, respectively®®. Individual needs such
as aesthetic concerns, manual dexterity and expectation of
social and professional benefits must also be considered. In this
sense, the individual must be encouraged and stimulated to
actively participate in the nomination process for assertive
decision-making'®

The BAHA eliminates the insertion of molds, eartips or any
sound conductive material in the external auditory meatus and
have two components: the external (sound processor) and the
internal (implantable), being classified as transcutaneous and
percutaneous. In both, the sound is transmitted as a mechanical
signal through skull vibration directly to the cochlea®, which
results in wave propagation along the basilar membrane and
stimulation of the auditory nerve®©.

Cochlear’s BAHA, the Baha® system, was developed by
Tjellstrom in 1977, using the Branemark implantation system .
In the percutaneous system (Baha® Connect), the sound processor
is attached to the skull bone through an abutment (pillar), and
a titanium screw with no barrier between the two components.
The transcutaneous system (Baha® Attract), in turn, has, in
addition to the titanium pin inserted into the bone, an internal
magnet through which the processor is coupled to the external
magnet that will remain in direct contact with the skin®®. It is
important to highlight that the same sound processor model is
used in both systems.

In Brazil, the first surgeries with the Baha® system were
performed in a public service (Hospital de Reabilitacdo de
Anomalias Craniofaciais — University of Sdo Paulo/Brazil)
in the 90s through a research project aimed at syndromic
individuals with conductive and mixed hearing loss resulting
from ear malformation.

However, the concession of the Baha® system and other
types of bone-anchored prostheses by the Brazilian Unified
Health System only occurred in 2014 through Ordinance GM/
MS 2776. Individuals with bilateral conductive or mixed hearing
losses, resulting from congenital malformations, in which the
use of hearing aids is not possible, can be contemplated with
this technology. The indication may be unilateral or bilateral,
as long as the symmetry between the thresholds obtained by
bone conduction is observed®.

The indication process and the evaluation of the results
obtained with transcutaneous and percutancous systems are

widely discussed in the international literature@*310-12 by
demonstrating that both are effective in the auditory rehabilitation
of these individuals. Currently, it is known that the advantage
of the transcutaneous system is that it allows the skin to remain
intact, which minimizes the post-surgical problems observed in
the percutaneous, such as irritation, inflammation and infection
of the skin, and even the loss of the implant®'*!¥. On the other
hand, the attenuation caused by the skin may favor limited gain
at high frequencies in the transcutaneous system %),

However, few studies have aimed to compare the Baha®
Attract and Baha® Connect systems'*??. The observed results
indicated improvement in audibility through the analysis of
pre and post adaptation free field thresholds, as well as in the
speech recognition threshold (SRT), in both systems. However,
in the analysis between the systems, a better performance was
observed, with a significant difference in the 4kHz threshold
and in the SRT for the percutaneous system°29.

As aresult, it is still necessary to investigate the correlation
of post-fitting audiological findings and the speech perception of
individuals when considering the importance of high frequencies
in auditory recognition, especially in difficult listening situations,
as in the case of competitive noise. The adaptation process and the
results obtained with transcutaneous and percutaneous systems
are increasingly discussed in the literature; whose studies address
populations in different countries, however, there is a scarcity of
data in Brazil, where there is a specific population profile with
possible cultural influences on the adaptation of the BAHA.

Given the above, in order to contribute to the development
of clinical protocols in the area, the objective of the present
study was to longitudinally verify the influence of auditory
tonal thresholds obtained in free field with transcutaneous and
percutaneous BAHAS on speech perception, in conditions of
silence and noise, in individuals with external and/or middle
ear malformation and chronic otitis media.

METHODS

The present is an observational, retrospective and longitudinal
study, approved by the Research Ethics Committee of Hospital
de Reabilitagdo de Anomalias Craniofaciais — University of
Sdo Paulo/Brazil, under report 3.490.345. Data collection was
carried out through document analysis of medical records of
patients enrolled in the Institution, with the Free and Informed
Consent Form being waived. The service has a standardized
clinical protocol for the evaluation and follow-up of candidates
and users of the BAHA. Secondary data were collected using
the Tasy hospital management software system from August
to September 2019.

The eligibility criteria were individuals with bilateral
conductive or mixed hearing loss who underwent surgery for
unilateral implantation of the Baha® transcutaneous (Baha®
Attract) or percutaneous (Baha® Connect) systems with the
same processor, regardless of age and gender.

The exclusion criteria were the absence of information
regarding tonal audiometry in free field and the evaluation of
speech perception in some of the stages analyzed, pre-surgery
and post-surgery.
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The collected information was: tonal audiometry performed
in free field with the research of tonal thresholds with and
without the use of the prosthesis for the frequencies of 0.5,
1, 2, 3 and 4kHz, obtained with the warble modulated tone;
and assessment of speech perception - sentence recognition
threshold in situations of silence and noise (signal/noise ratio),
obtained through the use of lists of recorded sentences, proposed
by Costa®V. The procedures were performed in an acoustic
booth, using a two-channel audiometer model Astera 2 Madsen
(Otometrics), with the acoustic box positioned at 0° azimuth
and one meter away from the individual.

To obtain the sentence recognition threshold in silence
(SRTS,) the ascending-descending technique was used®?. The first
sentence being presented at an intensity of 65dBHL without the
processor and 40dBHL with the processor on. For each correctly
repeated sentence, the intensity was decreased in 4dB steps until
an error occurred, even for one word of the sentence. From that
intensity, the presentation occurred in 2dB increments until the
sentence was repeated correctly. From then on, the intensity
was reduced again in 2dB steps, until the 10 sentences in the
list were presented. The presentation intensities of all sentences
were recorded throughout the test. The SRTS was calculated
by averaging the presentation intensities of the sentences used
from the first error detected (ABHL).

The determination of the sentence recognition threshold in
noise (SRTN) was also based on the same technique and followed
the same calculation, however, with the presentation of the
initial sentence at an intensity of 65dBHL, and the competitive
noise set at 60dBHL (signal/noise ratio +5dB initial), with and
without the processor turned on. Additionally, the signal-to-noise
ratio (S/N) is determined by subtracting the SRTN obtained
from the intensity level of the competitive noise used during
the test (60dBHL).

The referred data were collected in the preoperative stages -
without using the processor, being considered the last available
evaluation, and postoperatively in three moments: at activation,
in the first month (post 1) and in the third month (post 2), use
of the transcutaneous (Baha® Attract) or percutaneous (Baha®
Connect) system.

The sample distribution was verified using the Shapiro-Wilk
test. The measures of central tendency and variability considered
were mean, median and standard deviation (SD). For comparative
analysis between groups at each evaluation moment, the Mann-
Whitney test was used when considering the thresholds in the
field, and the paired t test for sentence recognition in silence
and in noise. For intra-group comparison-analysis, one-factor
analysis of variance was applied, followed by the Tukey’s test
for the analyzed variables. The significance level used was 5%.

RESULTS

According to previously established eligibility criteria,
30 individuals who were unilateral users of the Baha® 4/
Cochlear sound processor were included in the study and
distributed as follows: Group 1 - 14 users of the Baha® Attract
transcutaneous system, six females and eight males, with a
mean age at activation of 12.7 years (minimum of 10 years and
maximum of 17 years); and Group 2 - 16 users of the Baha®
Connect percutaneous system, 13 females and three males, with
a mean age at activation of 23.3 years (minimum of 12 years
and maximum of 38 years).

The characterization of the casuistry regarding the etiology,
type and degree of hearing loss for the 30 individuals analyzed,
according to the system used, is presented in Table 1. In individuals
with mixed hearing loss, the average of bone thresholds from
0.5 to 4kHz ranged from 11.25 to 39dBHL.

Figure 1 shows the mean free-field tonal thresholds ({BHL)
obtained at frequencies from 0.5 to 4kHz without and with the
transcutaneous (A) and percutaneous (B) system, in the three
evaluation moments: activation, post 1 and post 2.

Table 2 shows the statistical analysis when comparing the
pure-field thresholds (dBHL), and speech perception with and
without the transcutaneous and percutaneous system in the three
evaluation moments: activation, post 1 and post 2.

A similar analysis was performed comparing the transcutaneous
and percutaneous systems (Table 3).

Figures 2 and 3 present, respectively, the average of the
sentence recognition thresholds in silence (dBHL), and the S/N

Table 1. Characterization of the casuistry regarding the etiology, type and degree of hearing loss for the 30 individuals analyzed according to the

system used, transcutaneous and percutaneous

System n Etiology

Type and degree of hearing loss

Transcutaneous 14

Percutaneous 13

3 chronic otitis media

external/middle ear malformation

external/middle ear malformation

bilateral moderate conductive
bilateral severe conductive
moderate conductive RE and severe LE
conductive severe RE and moderate LE
bilateral moderate conductive
bilateral severe conductive
conductive severe RE and moderate LE
bilateral severe mixed
mixed severe RE and moderate LE
bilateral deep mixed
mixed moderate RE and profound LE
bilateral deep mixed

= N =2 =24 BN WN W= WN|D

Caption: n = individuals number; RE = right ear; LE = left ear
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Table 2. Statistical analysis comparing pure-field thresholds (dBHL) and speech perception with and without the bone-anchored hearing aid at
activation, post 1 and post 2, for the transcutaneous and percutaneous systems

Tonal Threshold SRTS S/N
Transcut. Percut Transcut. Percut. Transcut. Percut.
W/O Baha x Activ. <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Activ. x Post 1 0.357 0.906 0.938 0.993 0.271 0.991
Activ. x Post 2 0.219 0.476 0.998 0.65 0.513 0.961
Pés 1 x Post 2 0138 0.520 0.979 0.81 0.969 0.862

Simple ANOVA; “Tukey’s Test (p<0.001)

Caption: SRTS = sentence recognition threshold in silence; S/N = signal to noise ratio; Transcut. = transcutaneous; Percut. = percutaneous; W/O = without; Baha =

bone-anchored hearing aid; Activ. = activation

Table 3. Comparative statistical analysis between transcutaneous and percutaneous systems for pure-field thresholds (dBHL) and speech
perception with and without the bone-anchored hearing aid at activation, post 1 and post 2

Transcutaneous x Percutaneous

0.5K 1K 2K 3K 4K SRTS SRTN

W/O Baha 1.000 0.465 0.937 0.187 0.200 0.411 0.672
Activation 0.531 0.936 0.111 0.012* 0,001* 0.630 0.036™
Post 1 0.178 0.060 0.121 0.001* <0.001* 0.677 0.143
Post 2 0.982 0.196 0.192 0.006* <0.001* 0.879 0.364

*Mann-Whitney Test, p<0.05 (tonal thresholds); **t Test, p<0.05 (speech perception)

Caption: W/O = without; Baha = bone-anchored hearing aid; SRTS = sentence recognition threshold in silence; SRTN = signal to noise ratio

Transcutaneous - Baha® Attract

Tonal thresholds (dBHL)

500 1000 2000 3000 4000

e //O Baha Adivation —e=Se=—Post{ e Post2

Percutaneous - Baha® Connect

Tonal thresholds (dBHL)

500 1000 2000 3000 4000

/0 Baha Adtivation eSe==Post{ emm=——Post?2

Caption: Baha = bone-anchored hearing aid; W/O = without; dBHL = decibel level of hearing

Figure 1. Mean of pure-field thresholds (dBHL) obtained at frequencies

from 0.5 to 4kHz with and without the bone-anchored hearing aid,

transcutaneous (A) and percutaneous (B) system, at activation, post 1 and post 2

ratio with and without the transcutaneous and percutaneous
system in the three evaluation moments: activation, post
1 and post 2.

DISCUSSION

Initially, it is important to emphasize that there was no
significant difference before the surgery between the auditory
thresholds in the frequencies of 0.5 to 4KHz, as well as for the
performance in the recognition of sentences in silence and in
noise when comparing the individuals who composed Group
1 - Baha® Attract transcutaneous system and Group 2 - Baha®
Connect percutaneous system (Table 3, Figures 2 and 3).

Thus, the results obtained from 30 unilateral users of the
Baha® sound processor in the transcutaneous and percutaneous
systems, showed that the prosthesis provides the user with a
significant improvement in audibility at all frequencies studied
as soon as the device is activated (Table 2 and Figure 1). These
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W/O Baha Activation Post 1 Post 2
0
10
20
30
40
%0 p=0.630 p=0.677 p=0.879
60
70 0.411
80 P
90
100
m Baha® Attract Baha® Connect

t Test (p>0.05)

Caption: SRTS = sentence recognition threshold in silence; W/O = without;
Baha = bone-anchored hearing aid

Figure 2. Mean sentence recognition thresholds in silence (dBHL) with
and without bone-anchored hearing aids for the transcutaneous and
percutaneous systems in the three evaluation moments: at activation,
post 1 and post 2
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SIN

WI/O Baha Activation Post 1 Post 2

T BT

l = J 1 L]
5 p=0.364
p=0.036* p=0.143

p=0.672

= Baha® Attract Baha® Connect

*t Test (p<0.05)

Caption: S/N = signal to noise ratio; W/O = without; Baha = bone-anchored
hearing aid

Figure 3. Mean S/N ratio with and without the bone-anchored hearing
aid for the transcutaneous and percutaneous systems in the three
evaluation moments: at activation, post 1 and post 2

findings show that the transcutaneous and percutaneous systems
are effective in transmitting sound by bone conduction, which
is necessary for auditory rehabilitation in this population®?®
corroborating with previous studies developed with children!¢24-26
and adults!+1°20),

In the same Figure 1, it can be seen that the tonal thresholds
obtained in the activation remained stable in the other evaluation
moments since there was no significant difference when analyzing
all frequencies (Table 2), for the transcutaneous and percutaneous
systems. However, it was observed that in the percutaneous
system, pure tone thresholds at frequencies of 3 and 4kHz are
better when compared to those obtained in the transcutaneous
system, a difference that was maintained in the three moments:
activation, post 1 and post 2 (Table 3), despite the sensorineural
component observed in individuals with chronic otitis media.
Similar results were found in previous studies!!®19-20-29),

In the percutaneous system, stimulation occurs directly
through the pillar with consequent skull vibration, which avoids
the attenuation caused by the skin observed in the transcutaneous
system¢1® with greater gain for high frequencies. Specific
literature describes the importance of frequencies above 3kHz
for speech understanding'? especially in noisy environments®?,

In the present study, as observed for the tonal thresholds, the
auditory performance found in the recognition of sentences in
silence, showed a significant improvement when comparing the
conditions without the Baha® and the moment of activation for the
two systems evaluated, transcutaneous and percutaneous, which
remained stable in the other evaluation moments (Figure 2). Such
results were described in previous studies, with the use of words
to research the speech recognition threshold in silence!®229),

Although the transcutaneous system presented worse results
for tonal thresholds at high frequencies, these did not impair the
performance of sentence recognition in silence since there was
no difference between the systems at all evaluation moments
(Table 3), contrary to older studies!®!'”. It is interesting to
observe that data from Tobia et al.®? reinforce the findings of
the present study, and allow us to assume that there has been a
technological improvement in sound processors that supply the

impact on speech perception due to the attenuation resulting
from the type of stimulation observed in the transcutaneous
system for high frequencies.

Speech perception was also evaluated in a difficult listening
situation, in which sentences were presented with competitive
noise. As a result, a similar pattern of response to that obtained
in the silent assessment was observed; that is, the improvement
in the individual’s performance already occurs in the activation,
with a significant difference, which remains stable in the
other evaluation moments for both systems (Figure 3). In the
researched literature, only one study was found with analysis
for the percutaneous system with similar results®®. No studies
were found with the selected transcutaneous system.

However, in the comparative analysis of the transcutaneous
and percutaneous systems, relevant findings were obtained that
may contribute to improving the criteria for indicating the Baha®.
Contrary to what was observed in the silent situation, the better
audibility for high frequencies found in the percutaneous group
may have favored the better performance in speech recognition
in noise since there was a significant difference in the S/N ratio
at the moment of activation between the systems (Table 3 and
Figure 3). However, over time, at the post 1 and post 2 moments,
this difference ceased to be significant, that is, similar performance
was observed despite the existing sensorineural component in
individuals with chronic otitis media.

These findings demonstrate that the auditory stimulation
provided by the continuous use of the BAHA, regardless of
the system, favors speech perception abilities for situations
of silence and noise and compensates for the limitation of the
transcutaneous system at high frequencies.

It is important to emphasize that the Baha® adjustment for the
transcutaneous and percutaneous system performed at the time
of activation was maintained in the post 1 and post 2 evaluations;
that is, the results obtained did not have interference from a
supposed change in programming by the professional. This
finding does not support the recommendation to provide greater
acoustic gain for high frequencies in the transcutaneous system
in order to favor the audibility of speech spectrum sounds with
the aim of compensating for energy loss®.

Thus, the indication of one system or another is more related
to clinical and medical aspects than to the characteristics of
transcutaneous or percutaneous stimulation.

As a result, the promising prognosis in the indication of
these prostheses for the individual who, due to ear malformation
or chronic otitis media, cannot benefit from the conventional
hearing aids is highlighted.

CONCLUSION

The percutaneous system provided better audibility for high
frequencies compared to the transcutaneous system; however,
such audibility did not influence sentence recognition in the
silent situation for both systems. For sentence recognition in
noise, audibility for high frequencies may have provided better
results in the percutaneous system on activation, however,
this difference was not maintained over time, with similar
performance for both systems.
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