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Abstract

An increased number of treatment options has become available for patients with single sided 

deafness (SSD), who are seeking hearing rehabilitation. For example, bone-conduction devices 

that employ contralateral routing of sound (CROS), by transmitting acoustic bone vibrations from 

the deaf side to the cochlea of the hearing ear, are widely used. However, in some countries, 

cochlear implantation is becoming the standard treatment. The present study investigated whether 

CROS intervention, by means of a CROS bone-conduction device (C-BCD), affected sound-

localization performance of patients with SSD. Several studies have reported unexpected moderate 

to good unilateral sound-localization abilities in unaided SSD listeners. Listening with a C-BCD 

might deteriorate these localization abilities because sounds are transmitted, through bone 

conduction to the contralateral normal hearing ear, and could thus interfere with monaural level 

cues (i.e. ambiguous monaural head-shadow cues), or with the subtle spectral localization cues, on 

which the listener has learned to rely on. The present study included nineteen SSD patients who 

were using their C-BCD for more than five months. To assess the use of the different localization 

cues, we investigated their localization abilities to broadband (BB, 0.5–20 kHz), low-pass (LP, 

0.5–1.5 kHz), and high-pass filtered noises (HP, 3–20 kHz) of varying intensities. Experiments 

were performed in complete darkness, by measuring orienting head-movement responses under 

open-loop localization conditions. We demonstrate that a minority of listeners with SSD (5 out of 

19) could localize BB and HP (but not LP) sounds in the horizontal plane in the unaided condition, 

and that a C-BCD did not deteriorate their localization abilities.
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1 Introduction

Single-sided (total) deafness (SSD) severely hampers sound-localization performance, and 

results in difficulties understanding speech when the talker is at the deaf side (Wazen et al., 

2005; Bosman et al., 2003). Several studies have suggested that in children with congenital 

unilateral hearing loss speech and language development is affected, as well as their 

academic performance and social interactions (Bess et al., 1986; Wie et al., 2010; Lieu, 

2013; Sangen et al., 2017; Van Wieringen et al., 2018). While the treatment of bilateral 

sensorineural hearing loss is well accepted and standardized, there is little consensus 

regarding the treatment of patients with unilateral (sensorineural) hearing loss. Differences 

in treatment are partly due to local regulations, but also to differences in awareness amongst 

caregivers. In some countries, SSD patients might be eligible for cochlear implantation. A 

cochlear implant for SSD patients restores bilateral input, which might lead to some form of 

binaural hearing (Dillon et al., 2017). In other countries, only devices that use contralateral 

routing of sound (CROS; Zeitler et al., 2012; Peters et al., 2015) are reimbursed. With a 

conventional CROS hearing aid, sounds are picked up with a microphone at the deaf side. 

That signal is transmitted electronically to a behind-the-ear hearing aid with open earmould, 

positioned at the normal-hearing ear. Note that a CROS device does not restore binaural 

hearing, as it only lifts the head shadow.

A second type of CROS device is based on hearing by bone conduction. A bone-conduction 

device (BCD) is placed at the deaf side, and the amplified sounds are transmitted 

transcranially to the contralateral normal-hearing cochlea through bone conduction. Whether 

or not SSD listeners opt for a CROS intervention might depend on several factors. Perceived 

limited benefits after a soft-band trial is one of the common reasons to decline implantation 

(Saroul et al., 2014; Siau et al., 2015). Alternatively, it might be that (congenital) SSD 

patients are not aware of the disadvantages of unilateral hearing (Lieu, 2004, 2013; Vila and 

Lieu, 2015), and therefore do not ask for clinical help. However, quantitative data on the 

percentages of SSD patients who do, or do not, receive treatment are still lacking.

In this study, we focus on sound-localization performance of SSD listeners, listening with 

and without a BCD as a CROS device (C-BCD). Sound localization in the horizontal plane 

(azimuth) relies on the neural processing of ILDs (interaural level differences), and ITDs 

(interaural time differences). SSD patients don't have access to these cues. Localization in 

the vertical plane (elevation) is determined by high-frequency, spectral pinna cues (Batteau, 

1967; Hofman and Van Opstal, 1998), and these monaural cues are still available in the 

younger (SSD) listeners, who do not yet suffer from presbycusis (Otte et al., 2013; 

Agterberg et al., 2014). Theoretically, the localization abilities of SSD patients are not 

expected to improve by C-BCD use, although improvement of sound localization with a 

BCD has been reported (Monini et al., 2015). Yet, the opposite, a decrement in localization 

performance of SSD patients equipped with a C-BCD (Grantham et al., 2012), and of 

patients equipped with a CROS hearing aid (Pedley and Kitterick., 2017), has been 

demonstrated. Most SSD patients rely on the ambiguous monaural head-shadow cue, which, 

in combination with non-acoustic information, like familiarity with the sound source, might 

enable them to localize sounds in familiar environments (Slattery and Middlebrooks, 1994; 

Van Wanrooij and Van Opstal, 2004; Agterberg et al., 2014). The monaural level cue results 
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from the head-shadow effect (HSE), which is the frequency-specific attenuation of sounds 

by the head. Because the head-shadow cue is more pronounced for higher frequencies (>3 

kHz) than for lower frequencies (<1.5 kHz), broadband noise bursts presented at the deaf 

side are perceived different as compared to broadband sounds presented at the hearing side 

(i.e. the head acts as a low-pass filter). Some SSD patients, however, have learned to use the 

ambiguous monaural level cues and veridical spectral-shape cues of their hearing ear for the 

unaided localization of sounds in the horizontal plane (Van Wanrooij and Van Opstal, 2004; 

Agterberg et al., 2014; Firszt et al., 2015).

It is conceivable that the CROS signals from the deaf side could interfere with the 

ambiguous monaural head-shadow cue, and the subtle veridical spectral-shape cues 

perceived by the normal functioning ear, and might thus deteriorate existing localization 

performance in SSD patients without high-frequency hearing loss of the normal-hearing ear 

(i.e. younger listeners). Grantham et al. (2012) reported reduced localization ability in 

patients with SSD who were listening with a C-BCD. They suggested that the reduced 

performance could be caused by the interaction of air-conducted and bone-conducted sounds 

at the hearing ear, which altered the (unaided) monaural localization. Despite the uncertainty 

of its potential effects on localization, the C-BCD has become a commonly used treatment 

offered to SSD patients (Bosman et al., 2003; Niparko et al., 2003; Wazen et al., 2003; 

Desmet et al., 2014; Kompis et al., 2016). Several studies have indeed reported that a C-

BCD does not improve the localization abilities of SSD listeners (e.g. Wazen et al., 2005; 

Hol et al., 2006; Lin et al., 2006). The present paper investigated, whether a C-BCD would 

perhaps jeopardize directional hearing based on monaural spectral and/or level cues.

2 Patients and methods

2.1 SSD listeners

Nineteen SSD patients (aged 17–68) were included in the present study. Ten patients were 

familiar with the sound-localization setup because they had participated in a previous study 

using the same setup (Agterberg et al., 2014). Nine patients had congenital SSD, and ten 

patients had acquired SSD. All patients were using their C-BCD for more than 5 months, 

when evaluated in this study. Seven SSD listeners were deaf on the right side, and twelve on 

the left side (see Table 1). Patients decided for a C-BCD on a percutaneous titanium implant 

after a trial period in which they were provided with a conventional CROS hearing aid, and a 

C-BCD on a headband (Hol et al., 2010). After the trial the patients were fitted with the 

Baha®-Divino, Intenso or BP-110 (Cochlear), or Ponto Pro Power® or Ponto Pro® sound 

processor (Oticon Medical). All listeners were tested with microphones in omnidirectional 

mode and in daily volume setting used by the patients. Functionality of the devices was 

checked prior to the experiment. The fitting was not further optimized. The patients were 

tested in the aided (C-BCD on) and unaided (C-BCD off) condition. Test conditions were 

pseudo-randomly varied. Table 1 lists the characteristics of the patients and indicates which 

patients have been familiar with the setup.
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2.2 Stimuli and experimental setup

Broadband noise bursts (BB; 0.5–20 kHz; n = 36 stimuli) and high-pass noise bursts (HP; 3–

20 kHz; n = 36 stimuli) were presented at randomly selected sound levels of 45, 55 or 65 dB 

SPL. All low-pass noise bursts (LP; 0.5–1.5 kHz; n = 12 stimuli) were presented at a level of 

55 dB SPL. All stimuli had 150-ms duration and were presented in pseudo-random order 

within a block of 108 trials. Sounds were digitally generated in Matlab (The Mathworks 

7.4), and were delivered through a broadband loudspeaker, moved by a computer-controlled 

motorized circular hoop with 63 speakers, equally spaced in elevation at 2.5° intervals, 

which could rotate around a vertical axis at a distance of 0.85 m from the patient's head. 

Stimulus coordinates for BB and HP stimuli ranged from −85° to +85° in azimuth 

(resolution 0.1°) and from −30° to +30° in elevation (resolution 2.5°). The LP stimuli were 

presented only at 0° elevation.

To ensure that patients could only use acoustic information to localize sounds, the tests were 

performed in a completely dark, sound-attenuated room. For more details of the setup see 

Agterberg et al. (2014).

2.3 Paradigms

After calibration of the setup, each experimental session started with a brief practice session, 

in which ten BB stimuli were presented, in order to familiarize the participant with the 

testing procedures. Subjects were asked to fixate a LED located at 0° azimuth and 0° 

elevation, and then to trigger the (next) sound burst by pressing a button. After stimulus 

presentation, the listener had to direct the head-mounted dim laser spot, which was projected 

onto a small plastic frame at about 40 cm in front of the eyes, as fast and accurately as 

possible towards the perceived sound direction. Patients were monitored by the experimenter 

through an infrared camera positioned in the test room, and received no feedback about their 

performance during the experiments.

2.4 Data analysis

We analysed the azimuth responses (αRESP) separately for each patient and for each 

stimulus condition (LP, HP and BB noises). For each patient; the mean absolute error 

(MAE) for the unaided and aided conditions was determined, as well as the best linear fit 

(αRESP = b + g · αSTIM) of the stimulus-response relationship (pooled across presentation 

levels, α is the azimuth angle in degrees, b is the response bias in degrees, and g is the 

dimensionless response gain). We consider the localization bias as a measure for the 

dominance of the hearing ear, and its systematic change with sound level as a proxy for the 

use of the (ambiguous) HSE. If the left ear is impaired, the bias is expected to be positive, 

and largest for the lowest sound level. For the right ear, these effects are reversed. For 

normal-hearing listeners, the bias remains close to zero for all sound levels.

3 Results

3.1 The C-BCD does not affect the localization performance of SSD listeners

Fig. 1 shows the stimulus-response relations of BB stimuli for patients P3 and P4 for the 

different sound levels (45, 55 and 65 dB SPL), in both the unaided (left) and aided (right) 
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conditions. Both patients were hearing impaired on the right side. In the unaided condition 

Patient P3 could localize sounds in the horizontal plane, especially for stimuli with a sound 

level of 55 dB SPL, and for stimuli of 65 dB SPL in the aided condition. Patient P4 localized 

most stimuli on the side of the hearing ear (large, intensity dependent, negative bias). 

Obviously, in both the unaided and aided condition, the spread of data points was larger at 

the deaf side for both patients. Furthermore, as seen in the unaided condition, low-intensity 

stimuli were more often perceived towards the deaf side than higher intensities, confirming 

studies in listeners with perturbed binaural hearing (Van Wanrooij and Van Opstal, 2007). 

This effect persisted in the aided condition, as the bias systematically decreased with sound 

level for both patients and both conditions. These examples confirm earlier studies (Van 

Wanrooij and Van Opstal, 2004), which demonstrated that SSD listeners perceive stimuli 

with higher sound levels (65 dB SPL) more often in the direction of the hearing ear, because 

of their use of the HSE.

Individual data regarding the age of testing, side of hearing loss, type of BCD, time of usage 

(in months) response gain, MAE and bias, for the unaided and aided conditions are 

presented in Table 1. The response gain, MAE and bias are pooled for levels. All results 

listed were obtained with BB noise bursts. The table shows that the bias for patients with 

hearing loss at the right side is shifted to the left (negative bias values), and that the bias for 

patients with hearing loss at the left side is shifted to the right (positive bias values), 

indicating that these patients perceived the stimuli mainly at their hearing side. Furthermore, 

the table shows that the gain is higher and the MAE smaller (i.e. better localization 

performance) for the youngest SSD patients as compared to the gain and MAE values of the 

oldest SSD patients. This is related to high frequency hearing loss in the hearing ear of older 

SSD patients (Agterberg et al., 2014). The mean localization bias and mean MAE for the C-

BCD off condition, when calculated contralateral to the impaired side, was unchanged when 

compared with the mean bias and MAE for the C-BCD on condition (bias off/on +24.4° vs. 

+18.7°, paired t-test, p = 0.43; MAE off/on 38° vs. 40°, paired t-test, p = 0.56). For 

comparison, in a similar study investigating sound-localization performance of thirteen 

patients with unilateral conductive hearing loss who were listening with a BCD, the bias for 

BB stimuli decreased from +32.5° in the unaided condition to +4.1° in the aided condition, 

and the MAE from 40° to 22°, when listening with the BCD (Agterberg et al., 2012).

Fig. 2 shows the stimulus-response relation of BB stimuli (pooled for the 3 stimulus levels) 

for patients P2 and P12. Data are presented for both the unaided (left, C-BCD Off) and aided 

(right, C-BCD On) conditions. Patient P2 was hearing impaired on the right side, patient P12 

on the left side. Patient P2 could localize sounds, especially in the C-BCD off condition 

(gain 0.79, MAE 26, bias 2°). Patient P12 demonstrates a poor localization performance. 

Almost all stimuli were perceived on the left hearing side, which resulted in a considerable 

leftward bias (b = +58° in the C-BCD Off and +52° in the C-BCD On condition).

In Fig. 3A for all SSD patients the response gain in the unaided condition (C-BCD On) is 

plotted against the gain in the aided condition (C-BCD Off), and Fig. 3B shows the MAE 

results. For normal hearing listeners listening in the unaltered condition, the average azimuth 

gain is 1, and the average MAE is about 10°. These averaged scores (black cross) ± SD 
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(Grey zone) taken from Agterberg et al. (2014) are indicated in the subfigures (Fig. 3A and 

B).

Note that in both figures most points, especially those with a gain close to one and with a 

lower MAE, are located near the diagonal. Typically, binaural listeners demonstrate a gain 

near one, and a MAE of 10°, or less, referred to here as normal sound-localization 

performance. For the gain, a data point significantly below the diagonal would indicate an 

improvement in localization performance, for the MAE, a data point significantly above the 

diagonal indicates an improvement in response accuracy in the aided condition. Separate 

binomial tests demonstrate no difference between the aided and unaided conditions, for gain 

(12/19: p = 0.096) and MAE (10/19: p = 0.17). There is a high degree of idiosyncratic 

variation in localization ability in both the unaided and aided listening conditions, but 

within-subject variability across these conditions is low.

In accordance with previous research, several patients (like P3 in Fig. 1 and P2 in Fig. 2) 

could localise sounds quite accurately in the unaided situation, which is based on the 

effective use of monaural cues (loudness cues (HSE), and spectral cues; Van Wanrooij and 

Van Opstal 2004; Agterberg et al., 2014). Therefore, the group of patients was divided in a 

subgroup of patients with a gain above 0.75 (referred to as good performers; n = 5; P1, P2, 

P3, P9 and P13), and a second subgroup with highly variable responses (poor performers; n 

= 12). All five SSD patients in the group of ‘good performers’ demonstrated a MAE below 

34° in the ‘BCD On’ and ‘BCD Off’ condition (Table 1 and Fig. 3). The mean MAE for the 

good performers was a factor 2 smaller compared to the mean MAE for the poor performers 

in both the C-BCD off (MAE good/poor 23 vs. 43, unpaired t-test, p < 0.001) and the C-

BCD on condition (MAE good/poor 24 vs. 46, unpaired t-test, p = 0.002).

Fig. 4 presents the pooled data of these two subgroups for the BB, LP and HP noise bursts. 

In this figure, negative azimuth values refer to the side of the normal hearing ear, and 

positive azimuth values to the deaf side. Considering the group of good performers, we 

addressed the question whether or not the use of a C-BCD jeopardized the (unaided) 

localization abilities. The second question, whether or not the use of a C-BCD could 

improve directional hearing, was studied in both groups. In Fig. 4, the upper row of graphs 

presents, per subgroup, the unaided data, and the lower row, the aided data. In the group of 

good performers, in the unaided condition, a significant relation between target azimuth and 

response azimuth was found for the BB and HP noise bursts. The best-fit regression lines are 

drawn in the figures. In contrast, the responses to LP noise bursts were not related to target 

azimuth, but instead were lateralised (perceives at the extreme positions). Multiple 

regression analysis for the BB stimuli confirmed that these patients used monaural level and 

spectral cues to localize sounds in azimuth. The target-azimuth gave a larger contribution to 

their localization performance than the proximal sound level at the hearing ear, and when 

azimuth localization was poor, responses were more influenced by sound level (data not 

shown). Poor performers perceived the BB and HP noise bursts predominantly at the normal 

hearing side (evidenced by the large negative bias and low gain). For LP noise bursts, a 

noisy response pattern is seen. The localization responses of these patients were 

predominantly determined by the proximal sound level, determined by correcting the free-

field presentation levels for the HSE. The HSE is less pronounced for LP noises than for BB 

Agterberg et al. Page 6

Hear Res. Author manuscript; available in PMC 2019 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



and HP noises (−15 to +15 dB, Van Wanrooij and Van Opstal, 2004). Comparing the aided 

and unaided graphs of these pooled scores, as presented in the figure, shows no significant 

differences.

4 Discussion

The present study demonstrates that the C-BCD does neither improve nor deteriorate the 

localization abilities of patients with SSD. Furthermore, our data demonstrate good 

monaural localization abilities in the horizontal plane of some patients.

Since SSD patients have only one functioning cochlea and the treatment with a C-BCD does 

not restore binaural hearing, it may not be surprising that sound-localization abilities don't 

improve after applying a C-BCD. However, these results contrast with previous studies 

reporting better sound-localization for SSD listeners with a C-BCD (Monini et al., 2015), or 

with a conventional CROS hearing aid (Leterme et al., 2015). Possibly this difference in 

results originates from methodological differences in the procedure, and the accuracy of 

testing sound-localization abilities. Monini et al. (2015) reported an improvement in sound 

localization with a BCD. In that study, only four speakers, placed 90° apart, were used to 

score sound-localization abilities. The question is whether these results refer to sound 

localization, lateralization or discrimination, based on a simple memory task. The study 

performed by Grantham et al. (2012) reported a decrement in localization abilities for two of 

the seven SSD patients. They used 33 loudspeakers, placed 5° apart. For one of the two 

patients, the decrement was observed only when a sentence was presented and head-

movements were allowed.

It is promising that sound localization abilities in the ‘good performers’ did not deteriorate 

with C-BCD use (Fig. 4). This group consisted mainly of younger SSD patients (Table 1, 

average age of listeners P1, P2, P3, P9 and P13 was 31 years), who were not suffering from 

high-frequency hearing loss (thresholds 8 kHz < 40 dB HL) in their hearing ear. Therefore, 

these listeners can detect the difference in spectral shape between a BB sound originating 

from the deaf side and a BB sound originating from the side of the normal hearing ear, and 

can potentially benefit from the ambiguous monaural head-shadow cues (Van Wanrooij and 

van Opstal, 2004; Agterberg et al., 2014). Sound localization in the ‘poor performers’ was 

mainly affected by the use of ambiguous monaural level cues as has been demonstrated in 

Agterberg et al. (2014). The observation that the C-BCD did not deteriorate sound-

localization abilities corroborates our earlier report indicating that inter-subject variability of 

SSD can be partly explained by high-frequency hearing loss in the hearing ear (Agterberg et 

al., 2014), and not by the etiology (e.g., congenital vs. acquired) of the unilateral deafness 

(supported by Colburn, 1982). A potential explanation for the observation that the C-BCD 

did not deteriorate sound-localization abilities is that the C-BCD does not provide sufficient 

transmission of high-frequency sounds, and therefore does not interfere with the spectral 

information from the unimpaired ear. Alternatively, there is some interference with spectral 

cues when the C-BCD is on, but the ‘good localizers’ have learned to localize with the 

altered spectral input. Another widely used option that is used besides the C-BCD, is the 

treatment with the traditional CROS hearing aid. Recently it has been demonstrated that re-

routing of sounds with the CROS hearing aid in patients with SSD, can disrupt the ability to 
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localize sounds on monaural level and spectral cues (Pedley and Kitterick., 2017). This 

effect was mainly present for stimuli presented from the side of the deaf ear and for stimuli 

presented from straight ahead. Their results suggest that the signal re-routing when listening 

with a CROS hearing aid does not entirely disrupt sound localization in the horizontal plane.

The localization of sounds, and the understanding of speech in noise, are important factors 

in everyday life. These abilities are not only important for communication, but also for 

perceived safety and comfort. With regard to children, several studies have reported 

problems for SSD patients at school, problems with language comprehension, and speech 

production (Lieu, 2004, 2013), and a weaker central representation of the deaf ear in case of 

a unilateral innervated auditory system during early childhood (Gordon et al., 2015). In 

contrast to a C-BCD, new treatment options like a cochlear implant, restore bilateral input 

and could potentially invoke binaural hearing in such children. Cochlear implants might 

provide more benefit when compared to a C-BCD, and several children with congenital SSD 

have already been implanted at a young age (Polonenko et al., 2017). However, the 

performance of children with SSD implanted with a cochlear implant is still inferior 

compared to normal listeners (Thomas et al., 2017). It remains to be seen whether or not the 

limited benefit is still appreciated in the long run, and whether or not the CI will be preferred 

over the C-BCD. Indeed, Thomas et al. (2017) reported non-use of the cochlear implant in 

several children. Related to this, a study performed by Nelissen et al. (2015) reported that an 

increasing percentage of children with congenital unilateral conductive hearing loss, stopped 

using the BCD device, which potential restores the use of binaural cues, within a few years 

after implantation. Therefore, in order to provide the best possible advice for parents of 

children with congenital SSD, it is important to increase our understanding of both the 

limitations and possibilities of the different treatment options.
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HP high-pass
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LP low-pass
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Fig. 1. 
Unaided (C-BCD Off) and aided (C-BCD On) sound-localization responses for SSD 

listeners P3 and P4 for BB noise bursts. Both listeners are hearing impaired at the right side. 

Red circles 45 dB SPL (red regression lines). Blue 55 dB SPL (blue regression lines). Black 

65 dB SPL (black regression lines). C-BCD = CROS bone-conduction device. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the 

Web version of this article.)

Agterberg et al. Page 11

Hear Res. Author manuscript; available in PMC 2019 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Fig. 2. 
Sound-localization responses for SSD listeners P2 and P12. Responses for the different 

presentation levels (45, 55 and 65 dB SPL) are pooled and plotted for BB noise bursts in the 

unaided (C-BCD Off) and aided (C-BCD On) condition. P2 demonstrates a relatively good 

localization performance while P12 demonstrates poor localization abilities. The dashed line 

denotes the linear regression fit. C-BCD = CROS bone-conduction device, g = response 

gain, MAE = Mean absolute error.
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Fig. 3. 
Response gain (A) and MAE (B) for the unaided (C-BCD Off) condition plotted against the 

aided (C-BCD On) condition for BB stimuli. Data points from the SSD listeners depicted in 

Fig. 1 and 2 (P2, P3, P4 and P12), are indicated in the figure. Note the high degree of 

variation in both aided and unaided localization abilities. Averaged scores (black cross) ± 

SD (grey zone) for normal hearing listeners are indicated. C-BCD = CROS bone-conduction 

device, MAE = Mean absolute error.
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Fig. 4. 
Azimuth stimulus-response relationships for BB, LP and HP noise burst pooled for five 

‘good performers’ (upper graph) and the ‘poor performers’ (lower graph). Black bold lines 

denote best-fit regression lines over the pooled data. Gray scale and size of the data points 

indicates the number of responses on that location. Black indicates a larger number of 

responses than light gray. C-BCD = CROS bone-conduction device.

Agterberg et al. Page 14

Hear Res. Author manuscript; available in PMC 2019 February 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Agterberg et al. Page 15

Table 1

Characteristics of the listeners with SSD. The response gain, MAE and bias for all SSD listeners in the 

unaided and aided conditions for BB stimuli. * indicates the ‘good performers’. Subjects who have been 

familiar with the set-up are indicated in bold and italic. Acq = acquired, Con = congenital, C-BCD = CROS 

Bone-conduction device, MAE = Mean absolute error, PontP = Ponto Pro Power® sound processor, PontPro = 

Ponto Pro® sound processor, SSD = Single sided deafness, Time (m) = time of usage in months, y = years.

SSD Patients Age (y) Side HL Con Acq BCD Time (m) C-BCD Off C-BCD On

Gain MAE Bias Gain MAE Bias

P1* 17 Left con BP110 8 0.90 30 19 0.99 23 7

P2* 24 Right con Divino 15 0.79 26 2 0.80 24 −11

P3* 27 Right con BP110 8 0.95 14 1 1.10 16 6

P4 29 Right con Divino 43 0.51 30 −29 0.57 32 −25

P5 33 Left con Intenso 38 0.62 54 28 0.17 38 48

P6 35 Right acq Intenso 15 0.01 53 −67 0.45 61 −20

P7 35 Left con PontP 10 0.13 45 21 0.20 56 11

P8 37 Left con PontPro 90 0.29 42 33 0.03 44 33

P9* 40 Left acq PontPro 10 0.83 23 4 0.98 23 5

P10 43 Left acq Intenso 116 −0.02 42 11 0.04 40 6

P11 45 Right acq Divino 42 0.34 36 −28 0.35 33 −27

P12 45 Left acq Intenso 27 0.02 61 58 −0.05 60 52

P13* 46 Left con Divino 50 1.10 22 −22 1.10 33 0

P14 47 Left con Intenso 22 0.20 39 60 0.38 56 42

P15 47 Right acq Intenso 31 0.01 36 −5 0.06 37 −8

P16 47 Left acq Intenso 63 0.26 36 24 0.23 39 14

P17 65 Left acq Intenso 14 0.02 35 15 0.13 39 5

P18 67 Right acq BP110 6 0.02 35 −6 0.05 37 −8

P19 68 Left acq Intenso 19 0.01 59 80 0.34 78 39
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