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Objective: The purpose of this study was to evaluate the functional and patient-reported outcomes, and
their correlation, after percutaneous bone-anchored hearing aid (BAHA) implantation.
Methods: A prospective study was conducted between January 2018 and December 2020 in a tertiary
care center. All adult patients who were implanted with a percutaneous BAHA device during this eval-
uation period were included in the study. Complete auditory function and patients reported outcome
measures (PROMs) were assessed in the preoperative period and 6 months after the implant activation.
The PROMs included a generic form (Medical Outcome Study 36 Short Form Healthy Survey (MOS SF-
36)), and three disease-specific forms (Hearing Handicap Inventory (HHI), Satisfaction with Amplifica-
tion in Daily Life Scale (SADLS), and Tinnitus Handicap Inventory (THI)).
Results: Twenty-two patients with an average age of 53 years were included in the study. The overall
functional gain with the BAHA in sound-field pure tone average (PTA) was 29 dB, with no statistically
significant differences according to surgical indication (F(3,18) ¼ 2.319, p ¼ 0.110). The greater the
preoperative air-bone gap, the greater the functional gain obtained (r ¼ 0.505, p < 0.05). In the PROMs,
we found a significant improvement in HHI scores (p < 0.005) and a significant increase in overall SADLS
scores (p < 0.05) with the use of percutaneous BAHA devices. We did not verify any statistically sig-
nificant correlation between functional and PROMs results.
Conclusions: The BAHA is a safe and effective alternative hearing rehabilitation option in selected pa-
tients. The PROMs results prove patient's overall satisfaction.

© 2022 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The bone-anchored hearing aids (BAHA) are devices that work
by bone conduction, composed by an osseointegrated bone-
anchored titanium implant and an audio processor. Sound vibra-
tions can be conducted directly through the bone to the inner ear,
bypassing the external and middle ear (Gardell et al., 2015). There
are currently two main categories of BAHA devices: percutaneous
devices, whose abutment penetrates the skin and connect directly
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to the implant, and transcutaneous devices that use magnets to
connect with the implant through an intact skin (Iseri et al., 2015).
The audio processor has several power levels according to patient's
bone conduction threshold.

At our institution, we preferentially use the Baha® Connect
system (percutaneous type). Typically, these devices are used by
patients who suffer from conductive or mixed hearing loss and are
unable to use conventional hearing aids (CHA), or who are con-
traindicated to using them (as in circumstances involving congen-
ital or acquired malformations of the external ear, recurrent ear
infections, and surgically treated patients with altered anatomies,
such asmastoid cavities) (Bento et al., 2012; Ellsperman et al., 2021;
Fontaine et al., 2014). However, we must always ensure that the
patient has a reasonable sensorineural reserve (ideally with a bone
conduction threshold <45 dB HL) and that speech discrimination
must be at least 60% (Hagr, 2007) (Table 1). This alternative reha-
bilitation resource has several advantages since it does not obstruct
the external auditory canal, thereby reducing the chance of
rgery. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access
.0/).
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Table 1
Clinical indications for BAHA placement (adopted by our institution).

Unilateral or bilateral conductive hearing loss � AB gap �30 dB
� Unable to use conventional AC hearing aids

Unilateral or bilateral mixed hearing loss � PTA BC < 45 dB HL (Baha® 5) or < 55 dB HL (Baha® 5 Power) or < 65 dB HL (Baha® 5 SuperPower)
� WRS �60%
� Unable to use conventional AC hearing aids

Single-sided deafness � Not suitable for cochlear implant
� PTA BC � 20 dB HL contralateral ear

Legend: AB e Air-bone; HL e Hearing level; AC e Air-conduction; PTA e Pure tone average; BC e Bone-conduction; WRS - Word recognition score.

C. Azevedo, M. Breda, D. Ribeiro et al. Journal of Otology 18 (2023) 7e14
infection, and does not interfere with the local anatomy (Garcier
et al., 2021). Moreover, and regarding the percutaneous BAHA,
the direct connection of the sound processor to the implant,
without skin interposition, offers greater comfort and prevents the
signal attenuation that occurs in passive transcutaneous devices
(Ellsperman et al., 2021; Ghossaini and Roehm, 2019).

More recently, they are also used in people with single-sided
deafness (SSD), where the sound processor directs the sound
transcranially to the healthy contralateral inner ear (with an overall
pure tone average (PTA)� 20 dB HL). This allows to reduce the head
shadow effect and improve speech discrimination in noisy cir-
cumstances (Kim et al., 2017).

Although the hearing rehabilitation benefits and safety of the
percutaneous BAHA are well documented, there are still some
disadvantages related to the skin penetrating abutment, which
include the need for daily care, skin infections, skin overgrowth and
hypertrophic scar, defective osseointegration and implant loss with
the consequent need for surgical revision (Fontaine et al., 2014;
Håkansson et al., 2019; Iseri et al., 2015). The most common
complication is skin reactions, which, according to a systematic
review (Mohamad et al., 2016), can occur in up to 84% of cases, and
are classified according to the Holgers classification system
(Holgers et al., 1998), and, more recently, according to the IPS-scale
(Kruyt et al., 2017).

Improvement in the hearing handicap, assessed through a
complete audiological study, has been demonstrated following
BAHA implantation when clinically indicated. Regarding subjective
outcomes and patient satisfaction with BAHA, sometimes more
critical than the functional gain itself, we consider that the regular
use of patient-reported outcome measures (PROMs) is important
Table 2
Overview of patient-reported outcome measures.

Questionnaire Type of
instrument

Description

Medical Outcome Study
36 Short Form Healthy
Survey (MOS SF-36)

(Ferreira, 2000;
McHorney et al., 1993)

Generic 36 questions to measure eight health concepts
function, physical and emotional performance,
general health, vitality, social function, and me

Hearing Handicap
Inventory (HHI)

(Newman et al., 1990;
Oliveira and Carmo,
2011)

Hearing-
specific

2 subscales: 13-item subscale that explores em
consequences of hearing loss; 12-item subscale
social (S) and situational effects of hearing loss

Satisfaction with
Amplification in Daily
Life Scale (SADLS)

(Cox and Alexander, 1999;
Roque Dos Reis et al.,
2017)

Hearing-
specific

15 questions to assess the degree of satisfactio
benefits and psychosocial disadvantages obtain
of hearing aids

Tinnitus Handicap
Inventory (THI)

(Newman et al., 1996;
Oliveira and Meneses,
2007)

Hearing-
specific

25 questions, with the items grouped in 3 subs
(THI-F), emotional (THI-E), and catastrophic (T
regarding tinnitus.
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since they enable us to quantify the perceived benefit and compare
it with other treatment options.

The purpose of the present study was to evaluate hearing per-
formance, both functional and patient-reported quality of life and
satisfaction measures, and their correlation, in a medium-term
follow-up after implantation with a percutaneous BAHA device.

2. Material and methods

2.1. Study population

This study is a prospective, non-randomized,3-years (from
January 2018 to December 2020) case series study performed in a
single tertiary center that belongs to the Portuguese National
Health Service. Following approval by the institutional Ethical
Committee, all adult patients (>18 years) who had an indication for
a BAHA (Table 1) were prospectively enrolled in the present study.
All patients were implanted with the Cochlear™ Baha® Connect
System and gave their consent before being included in the study.
Baha® 5, Baha® 5 Power, and the Baha® 5 SuperPower audio
processors were available, and the choice was determined by the
indications (“CochlearTM Baha® 5 System,” 2016). The exclusion
criteria were age <18 years and patients with implant loss either
due to defective osseointegration or due to trauma.

2.2. Surgical procedure and follow-up

Since the introduction of the percutaneous BAHA system, the
surgical procedure for implant placement has been modified to
further improve the results and to shorten the surgery time. In our
Assessment

: physical
physical pain,
ntal health.

� Range 0e100 points for each domain.
� Higher scores indicate better health state.

otional (E)
that addresses

.

� Each question has 3 levels (yes, sometimes, no).
� Higher scores indicate greater degree of disability.
� No handicap: total (E þ S) <16 points

n, hearing
ed with the use

� Each question range 1e7 points.
� SADLS was assessed in patients who previously used

conventional hearing aids.
� Higher scores indicate a greater satisfaction.

cales: functional
HI-C) subscales,

� 100 points may be scored on the THI: THI-F range 0e48 points;
THI-E range 0e32 points; THI-C range 0e20 points.

� The higher the score, the greater the impairment in daily life.
� Grading system (McCombe et al., 2001): 0e16 slight handicap;

18e36 mild handicap; 38e56 moderate handicap; 58e76 se-
vere handicap; 78e100 catastrophic handicap.



Table 3
Demographics, BAHA surgical indications, and BAHA usage time of the study sample.

Gender - % (n)

Male 18.2 (4)
Female 81.8 (18)
Age - years; mean ± SD 53.0 ± 10.8
Implant side - % (n)
Right 54.5 (12)
Left 45.5 (10)
Sugical Indication - % (n)
COM with insufficient hearing gain with conventional hearing aids 31.8 (7)
COM with recurrent otorrhea 54.6 (12)
SSD 9.1 (2)
External ear malformations 4.5 (1)
Audio Processor Type - % (n)
Baha® 5 63.6 (14)
Baha® 5 Power 27.3 (6)
Baha® 5 SuperPower 9.1 (2)
Overall daily hours of percutaneous BAHA use e hours; median ± IQR 9.9 ± 8.6
COM with insufficient hearing gain with conventional hearing aids 12.0 ± 10.1
COM with recurrent otorrhea 10.4 ± 3.9
SSD 4.3 ± 4.7

Legend: SD e Standard deviation; COM e Chronic otitis media; SSD e Single-sided deafness; IQR e Interquartile range.

Table 4
Preoperative audiological assessment.

Preoperative

Sound processor BC PTA (dB HL; mean ± SD) AB gap (dB; median ± IQR) SRT (dB HL; median ± IQR) WRS (%; median ± IQR)

Baha® 5 (n ¼ 12) 22.3 ± 8.1 40.0 ± 11.9 62.5 ± 27.5 95.0 ± 15.0
Baha® 5 Power (n ¼ 6) 36.0 ± 4.9 41.9 ± 11.3 85.0 ± 13.8 82.5 ± 15.0
Baha® 5 SuperPower (n ¼ 2) 42.5 ± 1.8 38.1b 82.0b 80.0b

Overall (n ¼ 20)a 28.48 ± 10.38 40 ± 11.88 72.5 ± 28.75 87.5 ± 15

Legend: BC e Bone conduction; PTA e Pure tone average; HL e Hearing level; SD e Standard deviation; AB e Air-bone; IQR e Interquartile range; SRT e Speech recognition
threshold; WRS - word recognition score.

a Two cases whose surgical indication was single-sided deafness were not considered in this analysis.
b IQR could not be calculated (n ¼ 2).
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institution, implant placement is performed in the operating room,
under general or local anesthesia. In all cases in this study, the one-
step or FAST surgery was performed, according to the surgical in-
structions recommended (Cochlear, 2015), without soft tissue
reduction. The appropriate abutment length was chosen based on
the measured tissue thickness before tissue infiltration. Patients
were evaluated at weekly outpatient visits to remove dressings and
assess wound healing. After the first week, if there was adequate
healing, nomore dressings were applied, and the patients only kept
the protective healing cap daily until the sound processor was
fitted.
Table 5
Postoperative audiological assessment (functional gain).

Sound-field PTA SRT

Audio processor With BAHA (dB
HL) mean ± SD

Without BAHA (dB
HL) mean ± SD

Gain with BAHA
(dB HL) mean

With BAHA
HL) median±

Baha® 5 (n¼ 14) 27.1 ± 6.3 55.5 ± 17.2 28.4 30.0 ± 10.0
Baha® 5 Power

(n ¼ 6)
32.3 ± 6.9 61.83 ± 10.4 29.5 40.0 ± 8.8

Baha® 5
SuperPower
(n ¼ 2)

36.3 ± 1.8 68.1 ± 9.7 31.8 42.5 *

Overall (n ¼ 22) 29.4 ± 6.8 58.4 ± 15.2 29 ǂ 40.0 ± 11.3

Legend: PTAe Pure tone average; SRTe Speech recognition threshold; WRS - word recog
* IQR could not be calculated (n ¼ 2).
ǂ Paired t-test: p ¼ 0.002.
Ɨ Wilcoxon's signed-rank test: p < 0.001.
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2.3. Audiometric testing and outcomes evaluation

For this study, we assessed the auditory functionwith pure-tone
average (PTA), speech recognition threshold (SRT) and word
recognition score (WRS), and subjective outcomes with PROMs,
preoperatively and 6 months after Baha® Connect device use.

Preoperatively and without any amplification device pure-tone
audiometry was assessed using the Interacoustics AD629 diag-
nostic audiometer through air conduction (AC) and bone conduc-
tion (BC) in a soundproof cabin, using headphones and an oscillator
on the mastoid process respectively, in the frequencies of 250 Hz,
WRS

(dB
IQ

Without BAHA (dB
HL) median±IQR

Gain with BAHA
(dB HL) median

With BAHA (%)
median ± IQR

Without BAHA
(%) median±IQR

52.5 ± 30.0 27.5 97.5 ± 5.0 87.5 ± 15.0
67.5 ± 27.5 27.5 95.0 ± 6.3 85.0 ± 21.3

70.0 * 27.5 90.0 * 77.5 *

62.5 ± 30.0 22.5 Ɨ 95.0 ± 6.25 Ɨ 85.0 ± 15.0 Ɨ

nition score; HLeHearing level; SDe Standard deviation; IQRe Interquartile range.



Fig. 1. Overall functional gain with the BAHA according to surgical indication.

Fig. 2. Sound-field pure-tone thresholds (mean ± SD) with and without BAHA,
considering patients with COM or external ear malformations.
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500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz. PTA and air-bone (AB) gap
were calculated.

The fitting of the external sound processor took place 3e10
weeks after surgery. After the sound processor was fitted, patients
returned for an audiological assessment. Through the brand's
software, we obtained the average time of hearing aid use for each
patient.

For audiological assessment with the BAHA, we used loud-
speakers placed 1m away from the patient in the same soundproof
Fig. 3. MOS SF-36 score before and after BAHA implant. Higher scores signify more
favorable health state. Values are presented as medians. *p < 0.05 versus before in the
same item, Wilcoxon test.
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audiometry cabin, and sound-field pure-tone thresholds at 250Hz,
500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz fitted and non-fitted were
obtained, calculated both PTA and then hearing aid gain threshold.
SRTandWRSwere also evaluatedwith andwithout the hearing aid.
Masking noise was sometimes used in the non-implanted ear to
prevent its participation in the test, like in patients with SSD.

In addition to the audiometric evaluation, four different PROMs
(Table 2) were completed preoperatively and 6 months after fitting
of the percutaneous BAHA sound processor. The measures of
health-related quality of life (HRQoL) included one generic form
and three disease-specific forms. All these questionnaires are
validated for the Portuguese population (Ferreira, 2000; Oliveira
and Carmo, 2011; Oliveira and Meneses, 2007; Roque Dos Reis
et al., 2017).

2.4. Statistical analysis

IBM SPSS® Statistical Package for the Social Sciences, version 26,
was used to analyze the data. P values less than 0.05 were
considered significant.

Categorical variables were summarized by frequency (N) and
percentage. Continuous variables with normal distribution were
described as means and standard deviations (SDs). For non-normal
data (according to the Shapiro-Wilk test), the median and inter-
quartile ranges (IQRs) were calculated.

The pre and postoperative outcome measures were compared
using paired t-test (normal data) or theWilcoxon's signed-rank test
(non-parametric test). Two independent groups were compared
using the Mann-WhitneyU test. To determine whether there are
any statistically significant differences between three or more
groups, the one-way analysis of variance (ANOVA) or Kruskal-
Wallis test were employed, respectively. The Spearman correla-
tion coefficient (rs) was used to assess the correlation between
objective and subjective outcome measures.

3. Results

3.1. Patients characteristics

Twenty-two adult patients were considered appropriate can-
didates and were implanted with a percutaneous BAHA device
(Table 3). There was a female predominance (81.8%), and the mean
age was 53 years (range: 27e70 years). Patients had a previous
ipsilateral behind-the-ear CHA in 11 cases (50%). All patients were
implanted with a single percutaneous BAHA. The most frequent
surgical indication for BAHA was severe conductive hearing loss
and chronic otitis media who underwent mastoidectomy but had
persistent or recurrent ear discharge with the impossibility to use
CHA (54.6%). Most patients (63.6%) use their BAHA for more than
8 h a day and 72.7% for more than 4 h (range: 2e15 h). Patients with
previous ipsilateral insufficient gain with CHA are the ones with
greater daily use (median 12 h).

3.2. Functional outcomes

The preoperative audiological assessment and functional gains
with the evaluated implantable device are summarized in Tables 4
and 5, respectively, divided by the type of external sound processor
used. There was an overall significant improvement in sound-field
PTA, SRT and WRS with the percutaneous BAHA. As expected,
Baha® 5 SuperPower showed a greater gain, considering PTA
evaluation. The overall functional gain with the BAHA in sound-
field PTA was 29 dB, with no statistically significant differences
according to surgical indication as determined by one-way ANOVA
(F(3,18) ¼ 2.319, p ¼ 0.110). The patients who had a BAHA due to a



Fig. 4. HHI score (subscales and total) before and after BAHA implant. Higher scores indicate a greater degree of disability. Values are presented as medians. **p < 0.005 versus
before in the same item, Wilcoxon test.

Fig. 5. Total SADLS score before and after BAHA implant. Higher scores indicate a greater satisfaction. Values are presented as medians. *p < 0.05 versus before in the same item in
patients who previously used conventional hearing aids, Wilcoxon test.

Fig. 6. Total THI score before and after BAHA implant. The higher the score, the greater the impairment in daily life. Values are presented as medians.
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SSD had the lowest functional gain (mean 11.25 dB HL) (Fig. 1).
When considering patients with COM or external ear malforma-
tions (n ¼ 20), the sound-field hearing thresholds at frequencies of
250 Hz, 500 Hz, 1000Hz, 2000 Hz, and 4000 Hz when hearing with
the BAHA were lower by 27.4, 32.1, 32.9, 29.9 and 28.4 dB,
respectively, compared to hearing without any hearing aid (Fig. 2).
The goal of a sound-field PTA fitting the percutaneous BAHA device
that is lower than 30 dB was achieved in 42.9% of the patients with
chronic otitis media (COM) and insufficient gainwith CHA, in 58.2%
of patients with COM who have recurrent otorrhea, and in 100% of
patients diagnosed with external ear malformations. Additionally,
the greater the preoperative AB gap, the greater the functional PTA
gain obtained with BAHA (rs ¼ 0.505, p ¼ 0.016).

3.3. Patient-reported outcomes measures

In the self-assessment outcomes, and considering the generic
formMOS SF-36, we found a slight but significant decrement in the
median physical functioning and emotional well-being (mental
health) scores after BAHA implant (Z ¼ �1,971, p ¼ 0.049;
Z ¼ �2.002, p ¼ 0.045 respectively) (Fig. 3).

In the disease specific forms, we found a significant improve-
ment in HHI scores (Z ¼ �2.730, p ¼ 0.006), in both emotional and
situational parameters, and a significant increase in overall SADLS
scores (Z ¼ �2.04, p ¼ 0.041) (Figs. 4 and 5, respectively), and both
forms scores are inversely correlated (rs ¼ �0.522, p ¼ 0.922). In
fact, after 6 months of using the BAHA, 8 patients (36.4%) did not
have any HHI handicap (total score <16). The degree of improve-
ment in the HHI did not have a statistically significant variation
when analyzing the different subgroups according to the surgical
indication (H(3) ¼ 0.485, p ¼ 0.737).

Additionally, in 15 patients with tinnitus, we found that higher
levels on the THI correlated with worse scores on the HHI
(rs ¼ 0.721, p < 0.005), however, BAHA placement did not signifi-
cantly improve THI score (Fig. 6), with 6 patients (40%) maintaining
a moderate or severe handicap (scores >38).

3.4. Functional outcomes vs PROMs

We assessed whether there was any correlation between the
functional outcomes and PROMs and we did not verify any statis-
tically significant correlation between sound-field PTA gain and
postactivation HHI and SADLS improvements (rs ¼ 0.118, p¼ 0.600;
rs ¼ 0.318, p ¼ 0.314, respectively).

Similarly, BAHA daily hours of use did not correlate with post-
activation sound-field PTA gains (rs ¼ 0.299, p ¼ 0.177), HHI
improvement (rs ¼ 0.035, p ¼ 0.877), or SALDS scores (rs ¼ 0.094,
p¼ 0.677). However, we found that patients with a sound-field PTA
<30 dB (median 12.5 h vs. 8.2 h) and with a WRS improvement of
more than 15%with the BAHA (median 10.8 h vs. 9.7 h) tend to have
a longer use of the device, although these differences were not
statistically significant (p ¼ 0.664 and p ¼ 0.333, respectively).

4. Discussion

Despite being successfully used for more than 30 years in more
than 30000 patients worldwide, since its introduction in clinical
practice in Sweden in the 1970s (Fontaine et al., 2014; Sammeth
and Cire, 2009), studies of the clinical applicability and functional
and quality of life related gains of the BAHA continue to be scarce.
This study investigated the real and self-reported benefits of using
BAHA.

Most of our patients had chronic discharging ear, that, according
to the literature, seems to be themost common indication for BAHA
in the adult population (Fontaine et al., 2014; Garcier et al., 2021).
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Other studies (Gardell et al., 2015; Saroul et al., 2011) have
demonstrated that most BAHA users use their device for over 8 h a
day, with almost 80% using it for over 4 h a day, which shows that
the BAHA system is comfortable and easy to use. In fact, Saroul et al.
(2011) found that 73% of patients found them ‘‘easy’’ or ‘‘very easy’’
to use. Only elderly population seems to be less fitted.

4.1. Functional outcomes

Regarding the functional outcomes, we verified, as expected,
that with the BAHA, there was an overall significant improvement
in sound-field PTA, SRT, and WRS and that the overall mean
improvement of hearing threshold was 29 dB HL, which is slightly
better than other published studies (Bruschini et al., 2020; Rahim
et al., 2018). Additionally, the degree of improvement was not
statistically influenced by the type of hearing loss or indication for
implant placement. SSD patients had the lowest functional gains,
but the main benefit when fitting the BAHA in patients with SSD is
in group conversations where sounds come from different sources
and locations: although it does not appear to improve sound
localization, the head shadow effect is reduced and sound
discrimination in noise is improved (Kim et al., 2017; Saroul et al.,
2011).

We also verified that the greater the preoperative AB gap, the
greater the functional benefit of BAHA. But more importantly than
AB gap, the functional gain achieved by the patients depends
mainly on their BC PTA threshold, as shown by the study performed
by Hakansson et al. (Håkansson et al., 1990). So, it is currently one of
the major criteria to be considered when selecting patients for
BAHA placement (ideally, it should be between 0 and 45 dB HL).
However, our study showed that it is possible to achieve good
functional results even with higher BC thresholds by using an
appropriate sound processor, up to a maximum limit generally
considered 65 dB.

Additionally, a good functional gain obtained with the percu-
taneous BAHA could also lead to a longer use, as has been hy-
pothesized by other studies (Bento et al., 2012) that claim that
consistent use of the device is highly predictive of patient benefit.
We observed that patients with a good functional result (i.e.,
sound-field PTA <30 dB and WRS improvement >15%) tend to use
the device for more hours, although without statistically significant
differences. In patients with SSD, BAHA might be most beneficial
when they are exposed to noise or participate in group conversa-
tions, which can limit their use if they staymore at home and justify
the shorter time of use observed (median 4.3 h a day). Additionally,
in this study, the assessed period included the Covid-19 pandemic,
where people were more isolated. However, more patients and a
longer follow-up time will be needed to confirm these results and
ascertain the determinants of device use.

4.2. Patient-reported outcomes measures

In the subjective and self-assessment outcomes, we found a
significant improvement in median HHI scores, with 36.4% of pa-
tients having no HHI handicap after 6 months of using the BAHA.
Like the functional results, the PROMs results also did not signifi-
cantly vary with the medical indication for implant placement.
Interestingly, both patients with SSD also demonstrated a total
score reduction in the HHI (although without normalization),
including both emotional (HHI-E) and social (HHIeS) effects. Pa-
tients with SSD implanted with the BAHA might have better
hearing discrimination, especially in noisy environments, which
could explain improvements in social life and, consequently,
emotional well-being. However, further studies with a larger
sample of SSD patients will be needed to assess whether these
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subjective and patient-reported gains are reproducible.
With the SADLS there was a significant improvement in

participant satisfaction with amplification with the use of BAHA
devices, when compared with the use of CHA. This PROM assesses
the global aspects, positives effects, service and cost, negative fea-
tures, and personal image regarding the use of the evaluated
hearing aid.

Several studies proved that the satisfaction obtained with the
BAHA is considerable for both conductive hearing-loss and SSD
(Saroul et al., 2011). However, there are few studies that use a
specific and validated scale such as the SADLS to assess patient
satisfaction and no studies, to the best of our knowledge, have
compared satisfactionwith previous use of CHA. In 91 patients with
percutaneous BAHA, Gardell et al. (2015) applied SADLS and
concluded that 63% of patients reported that BAHA improved their
ability to understand others most of the time and only 28% com-
plained about thewhistling from the device, but 52% of the patients
were not satisfied with how the device looked. Like the functional
results, median SADLS levels were also not correlated with the
hours of hearing aid use.

Regarding the THI, BAHA placement did not statistically
improve their scores. Studies have already proven that cochlear
implant can help to reduce the tinnitus and the tinnitus handicap
(Kloostra et al., 2019), which does not seem to happen with the
BAHA (Bahmad et al., 2019), although more studies are needed to
prove these results. What some authors suggest is that the sound
emitted through a bone conduction device has the same potential
to mask tinnitus as air-conducted sound (Holgers and Håkansson,
2002). Thus, this may be a strategy to relieve tinnitus in patients
with BAHA devices.

In the generic health-related quality of life assessment form
MOS SF-36, we did not have improvements but had a slight but
significant worsening in physical functioning and mental health. In
light of the already established fact that individuals with untreated
hearing loss report higher rates of depression, anxiety, paranoia,
and less involvement in social activities than those with hearing
aids, these results are contradictory to what we would expect
(D'Eredit�a et al., 2012). There is, however, a high degree of vari-
ability in HRQoL outcomes across studies, specifically regarding the
MOS SF-36 (Sladen et al., 2017). Another explanation may be
related with the fact that we are evaluating a small sample size and,
especially, the results in a medium-term follow-up. During the
initial phase after implantation of the BAHA, patients may feel
sicker because they may still not be used to wearing something
visible and bigger than a CHA and having a skin penetrating abut-
ment. It may, in this context, require more time of use and habit-
uation to obtain the real subjective benefit. Additionally, as the
scale assesses eight basic health concepts, the change/worsening of
the patient's general health status may not be entirely due to the
placement of the BAHA but due to other life events that may have
occurred over the follow-up period that were not controlled in this
study. Nevertheless, there are other studies that have evaluated the
improvement of patients' HRQoL with BAHA, primarily with the
Glasgow Benefit Inventory (GBI), which showed that the BAHA
improved the patients' quality of life by improving their wellbeing
and social and health status (Hagr, 2007; Rahim et al., 2018).

Considering the relationship between PROMs and functional
outcomes, no statistically significant correlations were found in this
study. It may be related to the patients' expectations regarding the
gain they will have, the time of sound deprivation prior to implant
placement or even the daily time of use itself, which may be
insufficient to obtain the ideal functional and consequently sub-
jective gain. Probably this could be improved with longer years of
use. Another reason may be that we included SSD patients in our
analysis. As we have seen, patients who had a BAHA due to a
13
profound unilateral sensorineural hearing loss had, as expected, the
lowest functional gain. The objective in these cases is not to restore
binaural hearing but to decrease the head shadow effect and
improve sound discrimination in noise. Thus, in these cases, despite
a little functional gain, there may be a high subjective gain and
patient satisfaction, whichmay contribute to this lack of correlation
between PROMs and functional outcomes.

4.3. Strengths, weaknesses and future research directions

As strengths of this study, we highlight the fact that it is a
prospective study where patient analysis, postoperative follow-up,
and data collection were homogeneous and standardized. Addi-
tionally, besides the audiological assessment, a generic subjective
assessment and three disease-specific forms were included in the
study, revealing itself as one of the few studies that make a holistic
assessment of the effectiveness of percutaneous BAHA. So, in this
study, we provide data to help identify which patients are more
likely to benefit from the implantation of a BAHA devices, since
they are expensive and should be reserved for those who will
benefit most from their use, and PROMs measurements bring more
information about patients complaints and fears which can help to
better elucidate future patients. Despite these aspects, it is a study
with a limited number of patients, and the long-term results were
not evaluated. Furthermore, SSD patients should have been evalu-
ated with other tools to assess their real functional benefit, like the
speech perception in noise (SPIN) test.

Future research, ideally related to the study of the contralateral
ear (i.e., if it has associated hearing loss, what type of loss [con-
duction or sensorineural], and whether it is symmetrical or asym-
metrical in relation to the ear to be implanted) and its impact on the
success of patients implanted with BAHA, is warranted to address
additional controversies related to BAHA.

5. Conclusions

As it proved to be effective, the BAHA offers a feasible and safe
alternative hearing rehabilitation option to patients who are unable
to use CHA or whose functional gains are insufficient or unsatis-
factory. The PROMs results prove patient's overall satisfaction and
help us to understand some difficulties of those who use a BAHA
device.
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