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Summary

Purpose. The objective of this study was to assess and compare the long-term safety and subjec-
tive satisfaction levels of Bonebridge (BB) and Vibrant Soundbridge (VSB) in patients with congenital 
unilateral conductive hearing loss (UCHL).
Methods. The hearing effectiveness was measured using sound field hearing threshold (SFHT) and 
word recognition score (WRS). Long-term safety and subjective satisfaction levels were measured 
by questionnaires, including Speech, Spatial, and Qualities of Hearing Scale-12 (SSQ-12) and Ab-
breviated Profile of Hearing Aid Benefit (APHAB).
Results. Both BB and VSB were effective in improving the hearing of patients with congenital UCHL. 
Four of the 20 patients discontinued wearing the device postoperatively, and no complications were 
reported by long-term users. Patients experienced an overall improvement in their hearing experi-
ence across most subscales of SSQ-12 and a lower hearing problem rate across most subscales 
of the APHAB after implantation. However, the ‘quality of hearing’ subscale in the SSQ-12 did not 
show any improvement, and the aversiveness subscale in the APHAB exhibited a relatively higher 
percentage of reported problems after BB or VSB implantation. No significant differences were 
observed in SFHT, WRS, SSQ-12, and APHAB between the two groups.

Cover figure. A) and B) patients affected by right congenital microtia and atresia; diagrams 
representing Bonebridge (C) and Vibrant Soundbridge (D) implants.
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Conclusions. Both BB and VSB are effective in improving the hearing of UCHL patients, with high subjective satisfaction and low complication rates in the 
long-term postoperative period, with no significant difference between the two devices. Follow-up device fitting is essential, especially to address increased 
device sound or noise after surgery, reduce non-usage rates and achieve higher subjective satisfaction levels.

Key words: unilateral hearing loss, conductive hearing loss, aural atresia, Bonebridge, Vibrant Soundbridge

Introduction
Unilateral conductive hearing loss (UCHL) can have a sig-
nificant impact on patients, who are at a higher risk of ex-
periencing delayed speech development, poor academic per-
formance, reduced quality of life, and depression compared 
to individuals with normal hearing (NH) 1. Several hearing 
rehabilitation interventions, including conventional hearing 
aids (HAs), bone conduction hearing aids (BCHAs), bone 
conduction implants (BCIs), and active middle ear implants 
(AMIs), have demonstrated significant improvements in au-
diological outcomes for patients with UCHL 2,3. These find-
ings underscore the importance and necessity of hearing 
intervention for patients with UCHL. Microtia and atresia 
(MA) is a congenital malformation of the external and mid-
dle ear, characterised by the absence or stenosis of the exter-
nal auditory canal, as well as varying degrees of middle ear 
malformation. The incidence of MA is approximately 1 in 
10,000 live births, with rates varying by ethnic background 4. 
About three-quarters of cases of MA present unilateral mal-
formations. In most patients with unilateral MA (UMA), the 
outer and middle ear structures are affected, while the inner 
ear functions normally, making it a typical form of UCHL.
Canaloplasty has been a common surgical option for restoring 
hearing in patients with UMA 5,6; however, it is only suitable 
for a limited number of potential candidates. Typically, only 
patients with a Jahrsdoerfer score greater than 7 and aged over 
6 years are expected to achieve adequate postoperative hear-
ing, and even then long-term stable hearing improvement is 
unsatisfactory 7,8. Additionally, the outer ear deformity in these 
patients often makes them unsuitable candidates for conven-
tional air conduction HAs. Therefore, non-surgical options 
such as BCHA devices are viable solutions to manage hearing 
loss in patients with UMA 3,9. BCHAs improve hearing on the 
affected side by transmitting sound through an audio processor 
(AP) attached to the skull with a soft band, headband, or spec-
tacles through bone conduction stimulation. However, factors 
such as limited percutaneous hearing gain, complications re-
lated to prolonged local skin compression, and unattractive 
appearance can reduce patient compliance, especially in older 
patients who have more self-perception 10.
Thus, hearing implants, such as the BCI and AMI, are uti-
lised in patients with UMA to achieve a more stable and 
reliable improvement in hearing and subjective satisfac-

tion 2,11. The Bonebridge (BB, Med-EL; Innsbruck, Austria) 
is an active percutaneous BCI and is a viable option for 
patients with UMA over 5 years of age who have conduc-
tive or mixed hearing loss with bone conduction thresholds 
of 45 dB HL or less at 0.5, 1, 2, and 4 kHz 12. The Vibrant 
Soundbridge (VSB, Med-El, Innsbruck, Austria), a direct-
drive, partly implantable middle ear hearing device can be 
implanted in patients with UMA over 3 years of age who 
have conductive or mixed hearing loss with their bone con-
duction (BC) thresholds at or not worse than 65  dB HL 
across frequencies of 0.5-4 kHz 13. Although previous stud-
ies have investigated the hearing benefits of BB and VSB 
in patients with UMA, limited research has focused on the 
long-term subjective evaluation of the quality of life in this 
population after implantation. 
The current study had two objectives: (1) to evaluate the 
long-term safety and subjective satisfaction levels of BB 
and VSB in patients with congenital UCHL and (2) to de-
termine if there were any differences in self-reported sat-
isfaction between patients implanted with a BB or a VSB.

Materials and methods

Patients
Between April 2015 and March 2022, a total of 20 patients 
with UMA who were implanted with either a VSB or BB were 
recruited from a single centre at the Department of Otolaryn-
gology, Head and Neck Surgery, Capital Medical University 
affiliated Beijing Tongren Hospital. The mean age at implan-
tation was 11.5 ± 7.8 years. The VSB was recommended for 
patients with a Jahrsdoerfer score of 7 or higher and without 
any contraindications for clip coupler implantation of the sta-
pes head (such as stapes footplate fixation and tympanic cavity 
stenosis). For patients who did not meet these criteria, the BB 
was recommended. The final decision on the implant type was 
made by the patients and their parents. Demographic data, re-
sults of pure-tone average (PTA) between 0.25-4 kHz, device 
type, and surgery records were obtained from hospital medical 
charts and are shown in Table I.
The study included patients who met the following criteria: 
1) diagnosed with UMA with no other combined congenital 
disorders; 2) age ≥ 5 years old; 3) PTA BC between 0.25 
and 4 kHz of the impaired ear ≤ 45 dB HL with an air-bone 
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conduction gap (ABG) ≥ 20 dB HL; 4) PTA air-conduction 
(AC) between 0.25 and 4 kHz of contralateral ear ≤ 20 dB 
HL without ABG; 5) use of Mandarin as native speech-
language; 6) cooperate well with telephone or outpatient 
follow-up after implantation surgery. 

Surgical procedure
Patients who had previously undergone total auricular re-
construction underwent BB or VSB implantation alone. 
Those who had not yet received auricular reconstruction 
were treated with a combined approach, involving two or 
three-stage surgical auricular reconstruction and hearing 
implantation, as described in our previous studies 14-16. The 
selection of the auricular reconstruction method was con-
tingent upon the condition of the skin posterior to the ear 
and the patient’s preference. The implantation of VSB or 
BB was integrated into the final stage of the auricular re-
construction.

Audiological evaluation
The BB and VSB were activated and fitted with the Symfit 
BAO software by a senior audiologist after wound healing and 
subsidence of skin flap swelling on the surgical site. The device 
settings during the postoperative evaluation are uniformly om-
nidirectional microphones, with volume settings determined 
by patient preference. For patients implanted with the BB, the 
fitting was performed at least 1 week after surgery, while for 
VSB users was at least six weeks after surgery.
Sound field hearing threshold (SFHT) and speech percep-
tion were performed preoperatively and postoperatively in a 
sound-attenuated audiometric booth with the loudspeakers 
positioned 1 m from the centre of the participant’s head. All 
postoperative audiological tests were conducted after the 
initial device fitting. Warble tones were used to determine 
the hearing thresholds (in dB HL) and the SFHT represent-
ed the average of five frequencies of 0.25, 0.5, 1, 2, and 
4 kHz. Speech perception was evaluated using the Manda-
rin Speech Test Materials (MSTM), which employed disyl-
labic word lists. The word recognition score (WRS) was 
quantified as a percentage and assessed in a quiet environ-
ment. During this assessment, the healthy ear was occlud-
ed using both an earmuff and an earplug inserted into the 
external auditory canal. Additionally, the speech reception 
threshold (SRT, in dB SNR) was measured in a noise back-
ground fixed at 65 dB SPL, with both ears left uncovered. 
Both the speech and noise stimuli were presented from di-
rectly ahead (0° azimuth, S0N0 configuration). The speech 
level was incrementally adjusted by 2  dB steps based on 
the accuracy of word recognition. The SRT, defined as the 

hearing level at which 50% of words are correctly repeated, 
was calculated to be minus 65 dB SPL.

Long-term follow-up
All participants underwent comprehensive long-term follow-
up lasting a minimum of 14 months. Patients and their guard-
ians are in continuous communication with the evaluators, 
who executed follow-ups on a quarterly basis by telephone. 
These follow-ups assess several criteria, including the utilisa-
tion of the device, any local skin issues, and the auditory sta-
bility afforded by the device. Additionally, subjective satis-
faction was evaluated through questionnaires distributed via 
email to either the patients or their guardians. The compara-
tive hearing condition before and after hearing implantation 
was evaluated using questionnaires of the Speech, Spatial, and 
Qualities of Hearing Scale -12 (SSQ-12), a shortened version 
of the traditional SSQ consisting of 12 questions 17 and the 
Abbreviated Profile of Hearing Aid Benefit (APHAB) 18. The 
SSQ-12 assesses the subject’s ability to hear speech in 3 sub-
scales of ‘speech hearing’, ‘spatial hearing’, and ‘qualities 
of hearing’. The APHAB includes subscales of aversiveness 
to sound (AV), hearing in background noise situations (BN), 
ease of communication (EC), and hearing in a reverberant 
setting (RV). Subjective satisfaction benefits are represented 
by ‘delta’, which is the difference between the scores of each 
sub-item in the questionnaire after hearing implantation and 
the scores before surgery. For patients younger than 12 years, 
the questionnaire was to be filled out with parental assistance, 
whereas patients aged 12 years and older could complete the 
questionnaire independently.

Data analysis
Results were presented as means ± standard deviations (SD). 
All analyses used two-tailed tests, with statistical significance 
set at p < 0.05. The Wilcoxon signed-rank test or paired-t test 
was applied to compare pre- and postoperative audiological 
outcomes. The Mann-Whitney U test or independent-t test was 
applied to compare audiological outcomes between the VSB 
and BB groups. Statistical analyses were conducted using IBM 
SPSS Statistics (IBM, Armonk, New York) and graphs were 
created using GraphPad Prism 8 (GraphPad Software, Inc.). 

Results

Demographics, audiological characteristics, and surgi-
cal procedure 
Table  I presents the demographics and audiological char-
acteristics of 20 patients, with 10 who were fitted with a 
BB and 10 fitted with a VSB. The mean age at implantation 



Hearing implants in congenital unilateral conductive hearing loss

325

was 10.3 ± 7.2 years for the BB and 12.7 ± 8.6 years for 
the VSB group, and there was no significant difference in 
age at implantation between the two groups (p = 0.51). All 
patients had UCHL with normal hearing (NH) in the con-
tralateral ear. Among BB users, 8 patients had atresia and 2 
had stenosis. The PTA of 0.25-4 kHz was 73.7 ± 7.3 dB HL 
for AC and 12.8 ± 4.8 dB HL for BC. For VSB users, all 10 
patients had atresia. The PTA threshold of 0.25-4 kHz was 
70.5 ± 10.1 dB HL for AC and 10.3 ± 8.1 dB HL for BC. 
There were no significant differences in PTA AC (p = 0.43) 
and PTA BC (p = 0.41) between the two groups. 
In the BB group, eight patients underwent a two-stage au-
ricular reconstruction procedure combined with BB implan-
tation, the mean duration of which was 163.5  ±  8.8 min. 
Additionally, one patient opted for a three-stage auricular re-

construction combined with BB implantation, with surgical 
time of 180 min., and one patient had an isolated BB implan-
tation the duration of which was 45 min. In the VSB group, 
nine patients underwent the two-stage auricular reconstruc-
tion along with VSB implantation, with a mean surgical time 
of 201.6 ± 9.4 min. and two patients underwent a standalone 
VSB implantation, with a mean surgical time of 67.5 min. A 
comparative analysis of the combined hearing implantation 
and two-stage auricular reconstruction procedures revealed 
that the VSB group had a significantly longer surgical time 
than the BB group (VSB vs BB: 201.6 ± 9.4 vs 163.5 ± 8.8 
min., p < 0.01).

Sound field hearing thresholds and speech perception 
In the BB group, the average preoperative SFHT was 

Table I. Patient demographics.

Number Sex Side Aetiology Age at 
implantation 

(years)

Follow-up 
duration 
(months)

Usage time 
(hours/day)

Device AC PTA of NH 
ear (dB HL)

BC PTA of NH 
ear (dB HL)

AC PTA of 
impaired 

ear (dB HL)

BC PTA of 
impaired 
ear (dB 

HL)

1 M L Atresia 11 81 12 BB 15 15 61 9

2 M L Atresia 30 - 0 BB 8 8 82 20

3 F R Atresia 6 29 8 BB 6 6 74 11

4 M R Atresia 7 22 8 BB 6 6 74 11

5 M L Stenosis 11 - 0 BB 8 8 84 11

6 M R Atresia 6 25 8 BB 19 19 76 15

7 F R Stenosis 10 58 2 BB 14 14 63 3

8 F L Atresia 10 14 4 BB 17 17 79 17

9 M L Atresia 5 - 0 BB 13 13 71 15

10 F R Stenosis 7 14 6 BB 12 12 73 16

11 M R Atresia 6 49 10 VSB 12 12 67 4

12 F R Atresia 11 46 8 VSB 13 13 65 15

13 M R Atresia 35 41 10 VSB 21 21 97 31

14 F R Atresia 10 53 14 VSB 26 26 69 11

15 M R Atresia 7 39 9 VSB 12 12 63 4

16 M L Atresia 8 37 6 VSB 6 6 74 11

17 M R Atresia 7 37 6 VSB 12 12 63 7

18 F L Atresia 12 - 0 VSB 7 7 64 6

19 M L Atresia 13 29 4 VSB 9 9 73 9

20 M R Atresia 18 14 8 VSB 12 12 70 5
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57.9 ± 3.7 dB HL, which significantly decreased (became bet-
ter) to 35.5 ± 3.8 dB HL in the postoperative aided condition 
(p < 0.01, Figure 1A), resulting in a mean functional hearing 
gain (FHG) of 22.4 ± 3.5 dB HL. In the VSB group, patients 
exhibited a mean preoperative SFHT of 58.9 ± 8.2 dB HL, 
which significantly decreased (became better) to 35.7 ± 3.9 dB 
HL in the postoperative aided condition (p < 0.01, Figure 1A) 
with a FHG of 23.2 ± 6.6 dB HL. The mean WRS and SRT 
obtained from the MSTMs are presented in Figures  1B-C. 
In the unaided condition, the BB group had a mean score of 
20.1 ± 10.5%, which significantly improved to 84.8 ± 2.7% 
with an improvement of 67.4 ± 10.5% (p < 0.01). Similarly, 
the VSB group had a mean score of 22.1 ± 4.7% in the unaided 
condition, which significantly improved to 81.6 ± 5.3% with 
an improvement of 59.5 ± 9.3% (p < 0.01). In the unaided con-
dition, the average SRT for the BB group was -2.1 ± 1.8 dB 
SNR. This value significantly decreased (became better) to 
-5.3 ± 0.9 dB SNR, representing a decrement of 3.2 ± 1.5 dB 
SNR (p < 0.01). Similarly, in the unaided condition, the VSB 
group exhibited a mean SRT of -3.6 ± 1.9 dB SNR. Post-im-
plantation, this value significantly decreased (became better) 
to -5.6 ± 0.5 dB SNR, indicating a decrement of 2 ± 2 dB SNR 
(p < 0.05). Furthermore, no statistically significant differences 
were observed in the SFHT, FHG, WRS, and SRT between 
patients in the BB and VSB groups.

Device use and compliance 
During follow-up via email, all patients reported experi-
encing stable hearing from the device in the impaired ear, 
and none reported complications related to device failure or 

surgery. Of these, 16 reported consistent daily use of the de-
vice during the postoperative period, ranging from 4 to 14 
hours per day (the average daily usage time was 6.8 ± 3.2 
hours for the BB and 8.1 ± 3 hours for the VSB group). Four 
patients did not use the device (3 from the BB group and 1 
from the VSB group), and the reasons for their non-usage 
were investigated. Patient 2, a 35-year-old male, had dif-
ficulty adapting to the amplified sound in the affected ear, 
possibly due to long-term unilateral hearing deprivation. 
Patient  5, an 8-year-old male, and Patient  18, a 12-year-
old female, reported hearing background noise overly am-
plified by the device. Unfortunately, they were unable to 
come to the hospital for a device fitting due to scheduling 
conflicts. Patient 9, a 5-year-old male, was not fitted with 
the device postoperatively due to concerns about potential 
detachment during playtime with peers. Consequently, his 
parents chose to defer device fitting until the child is older.

Long-term subjective satisfaction
According to the SSQ questionnaire, 15 of 16 patients exhib-
ited an improvement in their overall hearing experience (indi-
cated by a positive delta overall score) following the implanta-
tion, with only 1 patient (P15, implanted with a VSB) reporting 
no change (delta overall score of 0) on the SSQ questionnaire 
(Fig. 2). Prior to BB implantation, the mean scores for subscales 
of ‘speech discrimination’, ‘spatial hearing’, and ‘overall’ were 
6.7 ± 1.5, 4.5 ± 2.5, and 6.2 ± 1.1, respectively. After implanta-
tion, these scores significantly improved to 9.4 ± 0.8, 8.7 ± 1.3, 
and 8.6 ± 1.2, respectively (all p < 0.05, Figure 3A). However, 
there was no significant difference in the ‘qualities of hearing’ 

Figure 1. (A) Preoperative and postoperative mean sound field hearing threshold (SFHT) at frequencies ranging from 0.25 to 4 kHz for patients with 
congenital UCHL and implanted with a BB or VSB; (B) Preoperative and postoperative word recognition scores (WRS) for patients with congenital UCHL 
implanted with BB or VSB; (C) Preoperative and postoperative speech reception threshold (SRT) for patients with congenital UCHL implanted with BB 
or VSB. Significant differences between pre- and postoperative scores are denoted as *p < 0.05 and **p < 0.01.

A B C
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between unaided (score: 6.8 ± 1.2) and aided (score: 7.6 ± 1.8) 
conditions (p  =  0.24, Figure  3A). Similarly, following VSB 
implantation, significant improvements were also observed in 
the subscale scores of ‘speech discrimination’ (7.7 ± 1.6 vs 9.1 
± 0.8), ‘spatial hearing’ (5.4 ± 2.9 vs 7.7 ± 2.5), and ‘overall’ 
(7 ± 1.7 vs 8.2 ± 1.3), with p < 0.05 (Fig. 3B). No significant 
difference was found in the ‘qualities of hearing’ subscale 
score between the unaided (score: 7.2 ± 1.6) and aided (score: 
7.5 ± 1.5) conditions (p = 0.24, Figure 3B).
According to the APHAB questionnaire, 10 of 16 patients 
reported a decrease in their problems in the BN, EC, and RV 
dimensions, while 12 of 16 patients reported an increase in 
their problems in the AV dimension compared to before im-
plantation. There was no difference observed in the P1, P2, 
and P3 dimensions before and after implantation (Fig.  4). 
In the BB group (Fig.  5A), the mean problem percentage 
of APAHB decreased markedly with the hearing implants, 
with particularly significant improvements in the mean 
scores of subscales in BN (unaided vs aided, 34.2 ± 24.7% vs 
24 ± 19.3%, p < 0.05), EC (unaided vs aided, 12.1 ± 12.9% vs 
3. ± 4.4%, p < 0.05), and RV (unaided vs aided, 34.4 ± 23.6% 
vs 27.1  ±  20.3%, p  <  0.05). However, a significantly in-
creased problem rate was found in the subscale of AV with 
a mean score of 11.5 ± 14.5% in the unaided condition and 
35.8 ± 26.1% after the implantation (p < 0.05, Figure 5A). 
The VSB group exhibited a marked reduction (better) in the 
mean problem percentage of APAHB following the implanta-
tion (Fig. 5B), with a notable decrease observed in the mean 

scores of the BN, EC, and RV subscales (unaided vs aided, 
45.5 ± 18.1% vs 35.3 ± 14.7%, p < 0.05; 9.9 ± 12.1% vs 
3.6 ± 3.4%, p < 0.05; 46.1 ± 21.2% vs 38.8 ± 16.3%, p < 0.05, 
respectively). In contrast, a significantly increased problem 
rate was observed in the AV subscale, with mean scores of 
22.4 ± 20.6% in the unaided condition and 43.7 ±25.2% after 
implantation (p < 0.01, Figure 5B).
Moreover, the study did not reveal any significant differ-
ences in the SSQ and APHAB scores between patients who 
received the implantation of BB or VSB.

Discussion
Conventional BCHAs typically require softbands, head-
bands, spectacles, or similar attachments to secure the AP to 
the mastoid and apply static pressure on the skin to transmit 
bone-conducted vibrations efficiently to the cochlea. How-
ever, the use of such coupling methods may diminish patient 
acceptance because of their noticeable appearance and dis-
comfort during use. Moreover, the placement of the AP on 
the skin surface leads to reduced effectiveness of the bone 
conduction signal due to the dampening effect of the skin and 
subcutaneous soft tissue, resulting in suboptimal hearing aid 
outcomes compared to BB and VSB, which directly vibrate 
the skull or ossicles 10. Previous studies have demonstrated 
the audiological efficacy of hearing implants in patients with 
congenital UCHL 2,3. The present study aimed to investigate 
the long-term use, safety, and subjective satisfaction of two 
common hearing implants (BB and VSB) in patients with 

Figure 2. Individual delta scores of the Speech, Spatial and Qualities of Hearing questionnaire -12 (SSQ-12) for each patient in the (A) BB and (B) 
VSB groups. The SSQ-12 assesses four subscales of hearing function: speech hearing, spatial hearing, qualities of hearing, and overall score. The 
delta score is calculated as the difference between the score in aided condition and that in unaided condition. 
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congenital UCHL, and to determine if there are any differ-
ences in hearing outcomes between the two devices. 

Audiological benefits
Initially, we evaluated the audiological effects of BB and 
VSB in our cohort of patients by conducting a full hear-
ing assessment, including the FHG across 0.25-4  kHz of 
hearing threshold, WRS and SRT of speech perception 
tests. The mean FHG for the BB and VSB groups were 
22.4 ± 3.5 dB HL and 23.2 ± 6.6 dB HL, respectively. Addi-
tionally, the mean improvement in WRS was 67.4 ± 10.6% 

and 59.5 ± 9.3% for the BB and VSB groups, respectively, 
and these hearing outcomes are consistent with previously 
reported data regarding the application of BB and VSB in 
patients with UCHL or CHL 19-21. Theoretically, BCDs may 
introduce disruptive auditory inputs to the normally hearing 
ear. This effect, known as cross hearing 22, is primarily at-
tributed to the limited transcranial attenuation of bone-con-
ducted sound. In our study, the SRT in the aided condition 
was -5.3 ± 0.9 dB SNR for the BB group and -5.6 ± 0.5 dB 
SNR for the VSB group. A comparative analysis of SRT 
between these groups revealed no significant differences, 

Figure 3. The mean Speech, Spatial and Qualities of Hearing questionnaire-12 (SSQ-12) scores in the (A) BB and (B) VSB groups before and after 
device implantation. The SSQ-12 assesses four subscales of hearing function: speech hearing, spatial hearing, qualities of hearing, and overall score. 
Significant differences between pre- and postoperative scores are denoted as *p < 0.05 and **p < 0.01.

Figure 4. Individual delta problem percentage of the Abbreviated Profile of Hearing Aid Benefit (APHAB) for each patient in the (A) BB and (B) VSB 
groups. The scores are shown for four subscales: aversiveness (AV), background noise (BN), ease of communication (EC), and reverberation (RV). The 
delta problem percentage is calculated as the difference between the problem percentage in aided condition and that in unaided condition. 

A B

A B
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suggesting that the cross-hearing effect of BCDs does not 
significantly impair bilateral hearing abilities compared to 
VSB. This aligns with another study comparing BB and 
VSB in sound localisation for UCHL patients, where lo-
calisation performance with BB, despite cross-hearing, was 
comparable to that with VSB 2. Additionally, the literature 
on the use of VSB and BB in congenital UCHL presents 
diverse outcomes, and some studies report notable im-
provements in speech perception and spatial hearing among 
congenital UCHL patients using BCD or VSB. In contrast, 
other research indicates that while there may be benefits in 
speech perception, spatial hearing does not show marked 
improvement in congenital UCHL 2,21. However, other stud-
ies indicate benefits in speech perception but not in spatial 
hearing for congenital UCHL 23,24. This suggests that indi-
viduals with congenital UCHL might have adapted to their 
auditory limitations, relying on spectral shape cues and the 
monaural head shadow effect that developed during pro-
longed unilateral hearing deprivation. Consequently, the in-
troduction of a BCD or VSB could disrupt these established 
auditory cues, potentially compromising innate directional 
hearing abilities 25. 

Compliance and complication
A long-term follow-up evaluation was conducted, and 4 
patients did not continue to wear the hearing implant post-
operatively, with 3 patients from the BB group and 1 from 
the VSB group. The 5-year-old patient was not fitted with 
the device postoperatively due to parental concerns about 
potential detachment during playtime with peers. Three 
patients who stopped using the device reported amplified 
sound or noise and difficulty adapting to binaural hearing. 

Sixteen patients consistently used the device during the 
postoperative period, with an average daily usage time of 
6.8 ± 3.2 hours for the BB and 8.1 ± 3 hours for the VSB. 
Although it was not possible to compare the daily usage 
time with BCHAs as none of the enrolled patients used 
them, the results of this study align with prior research on 
the use of VSB in preschool children with congenital UAA, 
which reported a markedly longer daily usage time for VSB 
with an average of 10 hours per day compared to 2 hours 
per day for BCHAs 26. 
Moreover, our study yielded encouraging results regarding the 
safety of BB and VSB in patients with congenital UCHL with 
no complications related to the device failure or implantation. 
In 2011, the first BB implantation was carried out in Austria 12. 
Subsequently, several published articles reported complica-
tions related to the device or surgery, such as minor skin infec-
tions that require only oral antibiotics and deeper infections 
that necessitate the removal of the implanted device 27,28. How-
ever, the overall incidence of these complications was low. A 
systematic review of outcomes in patients with BB reported 
that reoperation was rare, with only 1 of 117 patients requiring 
surgery for revision 12. The VSB was initially introduced for 
use in patients with mild to severe SNHL in the late 1990s 29. A 
review in 2016 evaluated the safety of VSB to treat SNHL and 
found that adverse events with VSB implantation were gener-
ally low and the overall failure rate was only 2.6%, mainly 
due to implant failure (36.8%), problems with floating mass 
transducer fixation during surgery, or postoperative dislocation 
due to MRI or fibrous tissue (18.4%) 30. In a study by Cadre et 
al. 11 which included 18 patients with CAA who were followed 
for 6.5 years, no cases of facial palsy, skin damage, revision 
surgery, or dizziness were reported. 

Figure 5. The mean Abbreviated Profile of Hearing Aid Benefit (APHAB) percentage in the (A) BB and (B) VSB groups before and after the hearing im-
plantation. The results are shown for four subscales: aversiveness (AV), background noise (BN), ease of communication (EC), and reverberation (RV). 
Significant differences between pre- and postoperative scores are denoted as *p < 0.05 and **p < 0.01. 

A B
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Long-term subjective satisfaction
Subjective satisfaction questionnaires of SSQ-12 and 
APHAB were distributed to patients who continued to use 
the devices after a minimum of 14 months (mean follow-up 
time: 36.7 ± 18.1 months) postoperatively. In the SSQ ques-
tionnaire, most patients (15/16) reported improved overall 
hearing experience after implantation, with mean scores of 
8.6 ± 1.2 and 8.2 ± 1.3 for the BB and VSB, respectively 
(Fig. 2). Consistent with our findings, a study by Hirth et al. 9 
reported an overall mean hearing score of 7.8 ± 1 with the 
use of an adhesive BCHA in patients with UCHL. Volgger 
et al. 21 found that 80% of UCHL patients reported an im-
provement in overall hearing experience after BB implanta-
tion based on a post-implantation subjective benefit assess-
ment using a version of SSQ with 49 questions. However, 
there is a lack of literature regarding SSQ outcomes with 
VSB in individuals with congenital UCHL. Patients with 
UCHL exhibit compromised binaural auditory functions, 
which detrimentally affects their abilities in speech recog-
nition in noise and sound localisation. Regarding speech 
perception, consensus exists that individuals with UCHL 
can derive benefit from BCD and VSB 20,21. Nevertheless, 
the degree to which these interventions can completely re-
store binaural auditory capabilities to improve their sound 
localisation ability remains contentious. This debate is pri-
marily due to concerns regarding auditory asymmetry and 
signal timing discrepancies associated with these devices 31. 
Research by Vogt et al.  2, involving 23 participants with 
congenital UCHL, demonstrated that both BCD and VSB 
interventions could improve sound localisation accuracy 
as assessed through audiological evaluations. Conversely, 
Zhao et al. 32 documented a decrease in sound localisation 
accuracy after VSB fitting in individuals with congenital 
UCHL. In this study, when specifically examined the SSQ 
questionnaire, statistical analysis showed a significant im-
provement in the subscales of ‘speech discrimination’ and 
‘spatial hearing’. The observed advancements in ‘speech 
discrimination’ and ‘spatial hearing’ are in line with prior 
investigations demonstrating notable improvement in au-
diological tests of speech recognition in noise and sound 
localisation ability 2,26. These findings suggest that patients 
with UCHL may exhibit more obvious improvement in 
sound localisation ability than what is observed in audio-
logical tests following the use of these devices.
The APHAB questionnaire revealed a considerable decrease 
in mean problem percentage in the BN, EC, and RV sub-
scales with the implementation of hearing implants (both BB 
and VSB groups, Figure 5). House et al. 33 studied patients 
with unilateral hearing loss (including UCHL, mixed hearing 

loss, and SNHL) who used BAHA and found less hearing 
problem rate in APHAB subscales with BAHA use: 17.4% in 
BN, 11.6% in EC, and 13.2% in RV. Limited research on us-
ing APHAB to measure hearing outcomes in UCHL patients 
after BB or VSB implantation hinders comparison with other 
studies. However, there was no improvement in the ‘quality 
of hearing’ subscale according to the SSQ-12 (p = 0.24, Fig-
ure 3B); moreover, the AV subscale in the APHAB exhibited 
a relatively higher percentage of hearing problems regarding 
the after implantation of BB (p < 0.05, Figure 5A) or VSB 
(p  <  0.01, Figure  5B). Similar results were also found by 
House et al. 33 wherein patients with unilateral hearing loss 
did not show a problem decrease with the BAHA turned on 
for the AV subscale. The two subscales of ‘quality of hear-
ing’ in SSQ and AV in APHAB mainly investigated negative 
reactions to environmental sounds. The lack of satisfaction 
with these outcomes can be attributed to challenges in adapt-
ing to binaural hearing after the amplification of sound from 
the impaired side. It is worth noting that three of the four pa-
tients who did not wear the device reported amplified sound 
or noise from the affected side, which led to their decision 
to become non-users. Unfortunately, they were all unable to 
come to the hospital for device fitting due to time conflicts. 
This highlights the importance of follow-up device fitting, 
particularly in addressing device-related sound and noise dis-
satisfaction, minimise non-usage rates, and increase subjec-
tive satisfaction.

Choice of the BB or VSB 
Several aspects need to be assessed carefully when choos-
ing the more suitable hearing implant for a patient before 
surgery. Firstly, the specific anatomical feature: the VSB is 
more suitable for those with a well-developed middle ear, 
particularly those with an intact stapes, while the BB has a 
broader range of indications  34. Furthermore, the implan-
tation of the VSB requires a substantial degree of techni-
cal precision and expertise from the surgeon, as well as 
an extended duration of surgery, owing to its intricate in-
volvement with the middle ear structures. In contrast, BB 
surgeries, which do not necessitate direct intervention in 
the middle ear, are generally less complex and time-con-
suming. Secondly, concerning sound quality, the literature 
indicates that patients with VSB implants may experience 
better sound signal quality compared to those with BB im-
plants 35,36. This improvement is hypothesised to stem from 
the operational principles of VSB, which more closely 
mimic natural sound transmission pathways by specifically 
stimulating the impaired ear. Considering these factors, it is 
imperative for surgeons to thoroughly assess each patient’s 
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unique profile and provide detailed preoperative informa-
tion about the pros and cons of both implant types.

Limitations 
Although the current study offers valuable insights into the 
effectiveness, safety, long-term usage, and subjective satis-
faction of BB and VSB in patients with congenital UCHL, 
no significant factors (such as age, time since implantation, 
or daily usage time) were identified as being associated with 
the results of audiological outcomes and SSQ and APHAB 
questionnaires. This may be attributed to the limited sample 
size, which is a limitation that needs to be acknowledged. 
Subsequent research with larger sample sizes will be con-
ducted to identify factors that impact objective and subjec-
tive outcomes of hearing implants. This can facilitate the 
development of more individualised implantation strategies 
for patients with congenital UCHL to achieve optimal hear-
ing improvement and reduce the rate of device non-usage.

Conclusions
BB and VSB are both effective in improving the hearing 
of patients with congenital UCHL, with no significant dif-
ference in hearing gain between the two devices. Patients 
who received these hearing implants reported high levels 
of subjective satisfaction and low complication rates dur-
ing the long-term postoperative period. However, most 
patients reported increased noise or sound from the atretic 
ear, emphasising the importance of follow-up device fitting 
after surgery to decrease the rate of non-usage and achieve 
higher levels of subjective satisfaction. 
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