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Introduction ITD and ILD thresholds Results
There is a rapidly growing population of cochlear implant (Cl) recipients with acoustic hearing ITD and ILD thresholds are shown for children and _ Typical Hearing Hfaring Loss —20 Typical Hearing HEaring Loss
preservation in the implanted ear(s), affording the opportunity to combine electric hearing in one || adults with typical hearing and hearing loss. £ 1500 » oo %
or both ears. Adults with electro-acoustic stimulation (EAS) demonstrate significant benefits for Substantial variability was observed within each - ® 5 15 °
speech understanding in noise and spatial hearing tasks as compared to bimodal hearing ' 2 who group. E 1000 . E ’ o
use a hearing aid in one ear and a Cl in the other. w *. . ® 10 ol *lo .
- ® [l @
_ _ _ o Typical Hearing Hearing Loss = 500 ® 0 8o = 5 o °
The potential of EAS to improve outcomes through added binaural low-frequency acoustic input a — O i i
remains poorly understood. Existing data are highly variable, making it difficult for clinicians to Children  Adults _ Children  Adults =0 = 0
predict the expected benefits of EAS for spatial hearing and real-world listening. This variability Children Adults Children Adults Children Adults Children Adults
may stem from studies involving individuals with significant or asymmetrical hearing loss3which is || ITD (usec) 303+49 231+36  1112+159 8214159
common after implantation. One hypothesized source of variance is the ability to use interaural LD (dB)  5.0640.6 37406 191402  3.640.8 Figure 3: ITD thresholds across age groups and hearing statuses Figure 4: ILD thresholds across age groups and hearing statuses
time and level differences (ITDs and ILDs) conveyed by residual acoustic hearing.
Mean and standard error of ITD and ILD thresholds In the ITD condition, typical hearing children and adults showed substantially  In the ILD conditions, while thresholds were lower in the
Few data exist on maturation of low-frequency binaural hearing in children with typical hearing by group and hearing status lower thresholds than the counterparts with hearing loss, many who had typical hearing groups, adults wi.th hearir\g Iqss showed
(i.e., normal hearing), or the ability to harness binaural hearing for functional benefits such as thresholds above the physiologically relevant range of ~750 ps. performance in the range of typical hearing listeners.
segregation of speech from noise. Binaural Sensitivity and age ILD versus ITD
This investigation focuses on the developmental trajectory of low-frequency acoustic hearing in Typical Hearing Hearing Loss Typical Hearing Hearing Loss
individuals with typical hearing, and in children and adults with EAS, who are tested prior to and Age and ITD — — o [ Pearsoms T =048 |
. . . % 1500 - % 1500 - o 1500 3 1500
following cochlear implantation. = = o, _ p-value = 0.0012 5
O O — —
Predictor t value p-value 210007 o 21000 7 ITD and ILD were strongly S S
Intercept 4.094 0.0003 0 © ¢ 0 correlated in both groups, ? ?
. . ' ' © 500 - 0o® © © 500 - ® S L @ @
Aims and QUEStIOhS Age 61 0.0139 5 ?.?,\: = ® with stronger associations < s
_ = o- o %% = o4 seen among children with O O ® pearson'sr=0.6
How does binaural sensitivity to ITD and ILD cues develop in children with typical hearing? Hearing Status 6.5 <0.0001 R U hearing loss. = . = . ® p-value = 0.007
How does this sensitivity emerge in pediatric EAS users following chronic EAS use with bilateral ) 10 15
ow-frequency acoustic amplification? Age (years) Age (years) LD [dB] LD [dB]
How does binaural sensitivity relate to functional use of binaural cues, such as improvement of
speech intelligibility in background noise when binaural cues are available? Figure 5: ITD thresholds over age range Figure 9: The relationship between ITD and
ILD across different hearing status groups
These questions are compared in groups of individuals with typical hearing and EAS users An increase in age was associated with a decrease in ITD thresholds, indicating improved sensitivity.
Additionally, children with hearing loss exhibited significantly poorer ITD sensitivity compared to their peers
Method with typical hearing. Summary and Conclusion
Participants A dILD Typical Hearing Hearing Loss These findings indicate that spatial hearing abilities, ITD and ILD sensitivity are adversely
A total of 33 children (ages 5 to 17, 16 males and 17 females) participated in the study, including 8 with hearing loss g€ an - affected by hearing loss, with ITD showing increased sensitivity to both age and hearing
who used EAS technology. In addition, 33 adults (ages 18 and older, 13 males and 20 females) took part, 11 of g 20 - g 20 7 ¢ status. This pattern suggests that the development of ITD sensitivity may require a longer
whom had hearing loss. All participants with hearing loss, except for one child, were tested in the following — 415 — — 15 - O L : : : : : : L .
. . . O O maturation period, particularly in children with hearing loss, pointing to a delay in binaural
experiment prior to receiving Cls. . | | o o o o9
o s o o =
. cpe s Intercept 3.103 0.0046 £ 5 O?*h%“' £ 5-
Bl.nau.ral sensitivity thresholds O * & A Moreover, the results support the idea that binaural temporal and level cues are interrelated
Stimuli Age -1.730.095 = 01— T‘T | = 04 T | and jointly vulnerable to degradation from hearing impairment. This interconnection
e 250 Hz pure tone stimuli were used, with a duration of 500 ms, and 20-millisecond cos? rise/fall time. Hearing Status 3.28 0.003 T © ©® O o T © T © ® O o T © highlights the broader and more systemic impact of hearing loss on spatial auditory
e Each trial consisted of three tones intervals, with an interstimulus interval (ISI) of 750 ms. rocessin
* The first tone, referred to as the reference interval, was presented diotically (ITD =0 us; ILD = 0 dB). Age (years) Age (years) P &

* Participant could select either the second or third tone which had a non-zero binaural cue. o _ . . . _
. Notably, individual differences in spatial cue processing, rather than hearing status alone,
Figure 6: ILD thresholds over age range

Procedure appear to be stronger predictors of BILD performance. While hearing status did not

A three-interval, two-alternative forced choice task was implemented with adaptive tracking with a two-down, one- significantly predict BILD, ITD sensitivity did—underscoring that successful speech-in-noise

up rule to approximate thresholds as 70.7% on psychometric function. The stimuli were delivered through RadioEar Children with hearing loss had Significantly h|gher ILD thresholds Compared to those with typ|ca| hearing detection relies on more than tempOral COding alone. These ﬁndings reinforce the
IP30 insert earphones. importance of preserving or rehabilitating spatial cue sensitivity in clinical populations.
Reference interval (O usec ITD and 0 dB ILD é‘ 1 ‘ Binaural thresholds versus BILD . . . The relatively small sample size of children with hearing loss limits statistical power and the
Typical Hearing Hearing Loss . . . .
i X i ability to generalize group differences. A larger and more balanced sample is needed to draw
One of these intervals had non-zero ITD or ILD cue { ITD versus BILD 10 & o@® 104 @ more definitive conclusions about developmental trajectories and the mechanisms
. ‘ 3 ‘ g F.\hh..‘ g underlying binaural processing in children with hearing loss.
Figure 1 m oy m
® Predictor t-value p-value & ¢ S 6 ¢
- - bl ] P b ] . . o e . . . . .
* The step size for adjusting ITD values across trials as follows: a log factor of 0.5 was applied for the first two e °.= o 0 P Finally, binaural sensitivity in children is likely shaped not only by sensory input but also by
reversals, 0.2 for the next two, and 0.05 for the remaining trials. Intercept 15.718 <0.001 EI 4@ EI 4 7 non-sensory factors such as attention and indecision. Prior research has demonstrated that
* For the ILD condition, the ILD values were adjusted by 2 dB for the first two reversals, 0.5 dB for the next two, and ITD (ps) -2.032 0.051 2 - 2 - oo performance on lateralization tasks may be influenced by attentional lapses?*, especially
0.1 dB for the remaining trials. Hearing Status -0.083 0.935 o - 0 under conditions of increased task difficulty. Such difficulty may arise from younger age,
* The last eight reversals were averaged to calculate the threshold or just-noticeable difference (JND) for both ITD | | | | | | | | : : : :
1D fecke 0 500 1000 1500 0 500 1000 1500 hearlng. loss, or. inherent t.ask dem.ands. Consequently, the next ste!o in analyzing these data
‘ should involve incorporating metrics that account for non-sensory influences, such as lapse
ITD threshold [ps] ITD threshold [ps] rate, which may have affected performance during the experiments.
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Stimuli Figure 2 e o 10.11.5.9./000367883. Epu.b 2015 Apr 1. P-IVIID: 258.3.2907.; PMCID: PMC4734375 o |
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The test began with a step size of 5 dB, and after two reversals, the step size decreased to 1 dB. The threshold was
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Figure 8: association between ILD and BILD




