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EDITORIAL NOTE 

Editorial Note for Canadian 
Hearing Report 

EDITORIAL NOTE 
This is prideful to mention that the 
Journal Canadian Hearing Report has 
successfully published 13 volumes well 
within the time and the print issues were 
also brought out and dispatched within 
30 days of publishing the 13th volume. 
Canadian Hearing Report is the only 
magazine of its kind uniting health 
professionals. In addition to regular 
issues, we offer a variety of special sales 
options including reprints, 
advertisements, supplements and year 
end reports. 

Canadian Hearing Report provides 
professionals including doctors, 
researchers, and scholars with the 
information about the ever changing 
developments within the hearing 
industry, focusing on the people, 
companies and products. It is the place 
where readers finds Up-To-Date 
information related to ongoing 
researches and development in 
detection, diagnosis and treatment of 
hearing disorders and impairment. 

The current partners associated with 
Canadian Hearing Report include 
Association of Public Safety 
Communication Officials (APCO) of 
Canada, College of Audiologists and 
Speech Language Pathologists of Ontario 
(CASLPO), Canadian Hard of Hearing 
Association (CHHA), Canadian 
Association of Pathologists, Sonography 
Canada and many more. The Impact 
Factor of the journal is 0.94.  The articles 
published in the journal have been cited 
number of times by the eminent 
researchers around the globe. 

The visitor’s traffic is the benchmark for 
the success of any scientific journal and 
Canadian Hearing Report is constantly 
attracting viewers across the world. 
According to the Google Analytics, more 
than readers are visiting to our journal 
websites for submitting manuscripts, to 
browse the latest research published on 
hearing disorders and impairment. 
Readers from the major countries 
including United States, Japan, United 
Kingdom, India, Egypt and Nigeria visit 
our journal domain to learn about the 
ongoing research activities in this field. 
The promotion of the individual author 
contributions is taken care of and hence 
the authors enjoy the reputation among 
global audience. The journal is using 
Editorial Manager System for quality in 
review process. 

Even A total of 50 research scientists 
from all over the world contributed as 
reviewer in the journal. We have 16 
Editors in the Editorial Board of the 
journal who actively contributed with 
their valuable services throughout the 
year for the publication of articles. JCHR 
received a number of articles out of 
which 40% were rejected in the 
preliminary process. 25% were rejected in 
the peer-review process. Around 35% of 
the article has been accepted, processed 
and published online. 

I take this opportunity to acknowledge 
the contribution of the editors in bringing 
out 13 volumes of the journal successfully. 
. I would also like to express my gratitude 
to all the authors, reviewers, the 
publisher, the advisory and the editorial 
board of Canadian Hearing Report, the 
office bearers for their support in bringing 
out yet another volume of JCHR and look 
forward to their unrelenting support to 
bring out the Volumes of JCHR in 
scheduled time. 

*hearingrep@esciencejournal.org
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Acceptable Noise Level and Temporal  
Modulation Transfer Function Measures in  
Individuals with Normal Hearing Sensitivity

By Vipin Ghosh PG*, Sreelakshmi CP

ABSTRACT
Acceptable Noise Level is a procedure that was introduced for determining acceptable noise inten-
sities while listening to speech comfortably. Large inter-subject variation in ANL measures is not well 
explained in the reported literature. The current study was hence aimed at investigating the tem-
poral resolution abilities in normal-hearing individuals with different degrees of Acceptable Noise 
Level (ANL). A total of 100 participants between the age range of 18-30 years were considered and 
based on the ANL scores obtained they were classified into low ANL (<7 dB), mid-ANL (7-13 dB) 
and high ANL (>13 dB) groups. 12 participants were selected from each of the groups and were sub-
jected to TMTF (8 Hz, 20 Hz, and 60 Hz) tests. The test results were then compared across groups. 
The statistical evaluation revealed that there were no significant differences between the groups in 
TMTF with a modulation rate of 20 Hz. However, a significant difference was noticed in the scores 
of TMTF with a modulation rate of 8 Hz (F=3.959, p<0.05) and 60 Hz (F=8.545, p<0.05). The current 
study results hence demonstrate a possible contribution of temporal resolution abilities towards the 
heterogeneity of ANL measure in normal-hearing individuals.

KEYWORDS: Acceptable Noise Level 
(ANL), Temporal Modulation Transfer 
Function (TMTF), Temporal Resolution 
Abilities

INTRODUCTION

Acceptable Noise Level is a procedure 
that was introduced for determining 
acceptable noise intensities while listening 
to speech [1].  ANL was categorized 
into three levels as low, mid and high 
[2]. Individuals with low ANL scores 
(<7 dB) are generally successful hearing 
aid wearers, whereas individuals with 
high ANL scores (>13 dB) are generally 
unsuccessful hearing aid wearers. 
Individuals with mid-ANL scores (7 db 
to 13 dB) may or may not be successful 
hearing aid wearers. Earlier researchers 
have also studied and reported that 
ANLs were unrelated to middle ear 
impedance measures, acoustic reflex 
thresholds evoked by tonal or broadband 

noise stimuli or contralateral suppression 
of click-evoked otoacoustic emissions 
(CEOAEs) [3]. They also reported that 
there was a correlation between monotic 
ANL and dichotic ANL. The results of the 
study suggest that ANL may be mediated 
by non-peripheral factors. Though various 
factors were studied to understand 
the large inter-subject variation in ANL 
measures, it is not well explained. Central 
involvement is being suspected to account 
for this variation based on objective and 
electrophysiological assessment. But such 
an explanation using a subjective test 
which assesses the auditory processing 
lacks in the literature.

The temporal modulation transfer 
function is one measure that can be used 
utilized to assess temporal resolution. 
Temporal resolution refers to the 
minimal time required to segregate or 
resolve acoustic events [4-6]. Amplitude 
modulation detection assesses the 

capability to hear the sinusoidal amplitude 
modulation of a continuous sound. The 
temporal modulation transfer function is 
a function relating to a listener’s threshold 
for detecting sinusoidal amplitude 
modulation to the modulation rate [7]. As 
temporal resolution abilities is also shown 
to be mediated by the non-peripheral 
processing [8], the authors wanted to 
explore any possible relations between 
the two measures. The present study was 
hence planned to assess the performance 
of individuals with different ANL scores 
in the Temporal Modulation Transfer 
Function test. The specific objectives 
of the study were to classify the study 
population into three groups based on 
the ANLs obtained and to compare the 
TMTF scores using 8 Hz, 20 Hz and 60 Hz 
modulations across the groups.

METHOD 

106 native Kannada language speakers 

JSS Institute of Speech and Hearing, Mysore, Karnataka, India
*vipinghosh78@gmail.com,Tel: 9844489366
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were enrolled for the study. Subjects 
with an indication of psychological, 
neurological, systemic or behavioural 
difficulties were excluded from the study. 
Subjects under the influence of any 
sedative, alcohol or any other drugs at 
the time of testing were also not included. 
All the participants were right-handed 
and were within the age range of 18 to 
30 years. Pure Tone Audiometry and 
Immittance Audiometry were carried out 
on all the participants. 6 participants who 
exhibited middle ear dysfunction were 
excluded from the study. 100 participants 
including 58 males and 42 females with 
normal hearing sensitivity and middle ear 
functioning were considered for further 
testing. The mean age of participants was 
24.01 years with a standard deviation of 
1.46. The testing was carried out in two 
phases, initial assessment of ANL was 
done and the subjects were classified 
into three groups: high ANL (>13 dB), 
mid-ANL (7 db-13 db) and low ANL (<7 
dB) and in the second phase, TMTF with 
modulation rate 8 Hz, 20 Hz and 60 Hz 
were carried out. The entire testing was 
carried out in air-conditioned, acoustically 
treated rooms. The ambient noise 
levels inside the test room were within 
permissible limits (ANSI, 1999). The entire 
testing was carried out in air-conditioned, 
acoustically treated rooms. The ambient 
noise levels inside the test room were 
within permissible limits (ANSI, 1999).

A standardized Kannada story was used as 
the speech stimulus for the measurement 
of ANL. Both speech stimulus and noise 
were presented binaurally through 
MATLAB.  A calibrated Sennheiser 
HD206 headphone was used. A quiet 
distraction-free room was selected for the 
experiment. The instructions were given 
in the Kannada language.  To establish ANL, 
the Most Comfortable Level (MCL) of 
the subject was determined. The subjects 
were asked to listen to the story played 

through the headphones. Initially, the 
loudness of the running speech was 0 dB 
HL and then the loudness was increased 
in steps of 10 dB until the subject indicates 
that it is “too loud”. Then the loudness 
was decreased by 10 dB until the listener 
indicated that it is “too soft”.  At this 
point, the level of the story was adjusted 
up and down in 5 dB increments until the 
listener indicated the most comfortable 
loudness, which is considered as MCL, 
which was followed by Background Noise 
Level (BNL) estimation. To assess the 
BNL, background noise was added to 
the speech to estimate the Background 
Noise Level (BNL). In the beginning, the 
noise was at the level of 0 dB HL and was 
increased in 5 dB steps until the listener 
indicates that it is “too loud” to listen to 
the continuous story. Then the loudness 
of the noise was decreased in 5 dB steps 
until the listener indicates that it is “too 
soft” while listening to the continuous 
story. At this point, the noise level was 
adjusted up and down in 1dB increments 
until it reaches the highest level which will 
be indicated by the participants without 
becoming tense or tired. This level was 
considered a participant’s BNL. The ANL 
was calculated by subtracting the BNL 
from the MCL (ANL=MCL-BNL). The 
MCL and BNL were repeated 3 times and 
the average of 3 ANLs was used. 

Based on ANL the subjects were classified 
into 3 groups. “Low” ANLs (ANL less than 
7dB), “Mid” ANLs (ANL between 7 to 
13 dB), “High” ANLs (ANL greater than 
13 dB). Among the 100 individuals who 
underwent ANL testing, 56 subjects had 
low ANL scores, 29 subjects had mid-
ANL scores and 12 subjects had high 
ANL scores. To maintain uniformity of 
the data 12 individuals were randomly 
selected from mid and low ANL groups 
along with the 12 individuals who had high 
ANL (total of 36 participants) for further 
evaluations. All the selected participants 
underwent TMTF testing.

TMTF with modulation rates of 8 Hz , 20 
Hz and 60 Hz were carried out on all the 
selected subjects. A 500 msec Gaussian 
noise which was sinusoidally amplitude 
modulated at 60 Hz, 20 Hz, 8 Hz were 
used for TMTF. This was superimposed 
on a 1000 msec unmodulated Gaussian 
noise. 3 Alternate Forced Choice (3 AFC) 
procedure in which two tones were 
similar and the third one was different 
was used for all the mentioned test 
procedures. Participants were instructed 
to indicate the variable tone. The 
entire testing was carried out using the 
staircase procedure which was adapted 
in MATLAB. The staircase procedure was 
implemented through MATLAB software 
(MATLAB R2016a). The stimulus was 
presented using HP (Intel i3 processor) 
laptop equipped with the Sennheiser 
HD206 headphones. Stimuli during the 
testing were presented binaurally for 
all the participants. Minimum amplitude 
modulation necessary to identify the 
amplitude-modulated noise from 
unmodulated noise was assessed in TMTF. 
The minimum amplitude modulation of 
the noise which was identified by the 
participant’s was considered as the TMTF 
threshold. 

RESULTS

Descriptive statistics were carried out to 
obtain the mean and standard deviation of 
all the test results in each of the groups. 
Group 1 as mentioned in this chapter 
refers to ‘Low ANL group’. Groups 2 and 
3 are ‘mid-ANL’ and ‘high ANL’ groups 
respectively. The mean and standard 
deviation of TMTF with modulation 
rate 8 Hz, 20 Hz, and 60 Hz is given in 
Table 1. Shapiro-Wilk test was carried 
for assessing the normality of the data. 
As the data satisfies the assumptions of 
ANOVA, a one-way ANOVA was carried 
out to compare the TMTF findings with 
a modulation rate of 8 Hz, 20 Hz and 60 

Table 1. Mean and SD of TMTF with modulation rate 8 Hz, 20 Hz, 60 Hz.
Low ANL Mid ANL High ANL

Mean SD Mean SD Mean SD
TMTF (8 Hz) -25.44 4.75 -30.63 4.46 -26.3 5.27

TMTF (20 Hz) -28.28 3.68 -29.9 6.36 -26.24 5.55
TMTF (60 Hz) -28.28 3.68 -29.9 6.36 -26.24 5.55
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Hz across the groups. Scheffe Post-Hoc 
analysis was further carried out.

Figures 1-3 represent the mean and 
standard deviation of TMTF 8 Hz, 20 
Hz and 60 Hz in low, mid and high ANL 
respectively.

The results of TMTF with modulation 
rate 8 Hz (F=3.959, p<0.05) and 60 Hz 

(F=8.545, p<0.05) revealed that there was 
a significant difference between scores 
of the three groups. Since a significant 
difference was observed in the mean 
scores between the groups, Scheffe 
posthoc analysis was further carried out. 
It revealed that there was a significant 
difference across means between-
group 1and group 2 and that there was 

no significant difference across means 
between groups 2 and 3 and groups 1 
and 3 using 8 Hz modulation rate. It was 
also observed that the results of 60 Hz 
modulation rate showed no significant 
difference across means between groups 
2 and 3. However, there was a significant 
difference across means between groups 
1 and 2, and groups 1 and 3. On the 

-40
-35
-30
-25
-20
-15
-10

-5
0

T
M

T
F 

8H
z(

in
 d

B
) 

GROUPS

LOW
MID
HIGH

Fig 1. Mean and standard deviation of TMTF (8Hz) scores in Low, Mid and High ANL groups.
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Fig 2. Mean and standard deviation of TMTF (20Hz) scores in Low, Mid and High ANL groups.
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contrary, the results of TMTF with a 
modulation rate of 20 Hz were not 
significantly different between the three 
groups. This suggests that the high ANL 
group performed poorly than low ANL, 
especially at higher modulation rates. 
However, the mid-ANL group performed 
better than low ANL groups at low and 
high ANLs. 

DISCUSSION

The temporal processing abilities in 
individuals with varying ANLs were 
studied in the current study. The findings 
revealed that there was no significant 
difference between the TMTF scores with 
modulation rate 20 Hz across the three 
groups of ANL. However, a significant 
difference was noticed in the results of 
TMTF with a modulation rate of 8 Hz and 
60 Hz. This suggests that the temporal 
resolution abilities are different between 
the groups. Though we could not find 
any similar studies in the literature, we 
attempted to compare and contrast the 
tests carried out in related populations 
to understand our results better. Many 
researchers have compared the TMTF 
results obtained in the normal hearing 
subjects with various disorders. Earlier 
researchers have studied the TMTF using 
neural coding in noise-induced hearing 
loss [5]. Based on their study findings 
they concluded that the alterations in 
TMTF may be attributed to physiological 
factors other than the cochlear filtering 
as seen in sensorineural hearing loss. 
Moreover, they also reported that there 
was no consistent association between 
the temporal resolution measures 
and frequency selectivity. Defects in 
neural structures in the central nervous 
system are also postulated to be one of 
the possible reason for altered TMTF 
performance in individuals with normal 
hearing sensitivity with tinnitus [9]. 

Thus, from the studies discussed here, it 
may be concluded that more of a central 
auditory related deficiency is contributing 
to TMTF performance than the peripheral 
physiology. Hence, it may be assumed 
that an individual with a subtle neural 
processing deficit irrespective of his 
normal hearing sensitivity may also 

demonstrate altered TMTF performance. 
Similarly, heterogeneity in ANLs within 
normal hearing individuals is also well 
demonstrated in the literature. The 
role of peripheral auditory processing 
on ANL using middle ear impedance 
measures, acoustic reflex thresholds 
and Contralateral Suppression of Click 
Evoked Otoacoustic Emissions (CEOAEs) 
were studied and reported earlier [3].  
The findings suggested that the ANL 
is not related to any of the peripheral 
auditory processing as suggested by 
the test results. Physiological responses 
including Click-Evoked Otoacoustic 
Emissions (CEOAEs), Auditory Brainstem 
Responses (ABRs), and Middle Latency 
Responses (MLRs) in females with normal 
hearing with low (n=6) versus high (n=7) 
ANLs is also reported in the literature 
[10]. The results showed that there were 
no differences between individuals with 
low and high ANLs for CEOAEs or waves 
I or III of the ABR and difference between 
the two groups emerged for wave V of 
the ABR and Na-Pa of the MLR. Results 
further supported that acceptance of 
background noise is mediated from 
central regions of the auditory system.

The effect of cortical and auditory long 
latency responses on ANLs in females 
with normal hearing sensitivity with low 
versus high ANLs is also documented in 
the literature [11]. They reported that 
there are no differences between the 
two groups for the early waves of the 
ABR, yet significant differences existed 
between the two groups for waves III and 
V of the ABR and the MLR and LLR peaks. 
The results further revealed that the ANL 
growth rate for the two groups was not 
uniform, and the groups differed on some 
of the physiological measures. These 
effects further supported the theory that 
acceptance of noise is mediated from 
central regions of the nervous system. 

Thus, it can be assumed that both TMTF 
and ANLs are mediated by central auditory 
processing than peripheral processing. 
Consequently, a subtle auditory deficit 
may affect both measures. In the current 
study findings to the TMTF is found to 
be deviant along with ANLs. Moreover, 
the study included individuals with 

normal hearing sensitivity. The peripheral 
hearing mechanism of all the participants 
was normal as suggested by pure tone 
audiometry and immittance audiometry. 
The results of the current study suggest a 
temporal resolution deviation which itself 
is a central auditory processing ability 
among people with varying degrees of 
ANLs. Hence, it may be assumed that the 
deviant temporal resolution abilities may 
be one of the factors contributing to the 
heterogeneity of ANLs in individuals with 
normal hearing abilities. 

CONCLUSION

Temporal resolution abilities among 
individuals with varying ANLs were 
compared in the present study. The study 
population was divided into low, mid and 
high ANL groups. The results suggested 
a deviation in the temporal resolution 
abilities across the groups. It is observed 
by the earlier researchers that the 
temporal resolution abilities as suggested 
by TMTF and ANLs are mediated by the 
central auditory physiology than the 
peripheral hearing mechanism. It may 
hence be assumed that both the measures 
are interrelated and temporal resolution 
deviations may be a factor that contributes 
to the variations seen in ANL measures in 
individuals with normal hearing abilities.
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Audiological and Imaging Outcomes after  
Replacement of IJ Electrode with a Mid-Scalar 

Array
By Diego Zanetti1*, Giorgio Conte2, Federica Di Berardino3

ABSTRACT
Objective: This study aims to report the outcomes of replacing a straight array with a pre-formed 
array, quite different in dimensions and design, in terms of speech perception performances and 
neuro-radiological findings.

Patient:  A 45 years old female with post-verbal bilateral deafness.

Intervention: Explantation of a malfunctioning straight Hi Focus 1J array and re-implantation of the 
right ear with a new Hi Focus Mid-Scala (HFMS) electrode array; simultaneous HFMS cochlear im-
plantation in the left ear. 

Main outcome measures:  This clinical report details the surgical findings, the intraoperative elec-
trophysiological measurements, the post-operative neuro-radiological findings, and audiological out-
comes. The speech perception tests, VAS, APHAB, and SSQ questionnaire at 2, 9 and 24 months 
post-activation were compared to the pre-re-implantation performances and between the two new 
CIs.

Results: Both speech perception and subjective measures indicated that the new array provided very 
rapidly at least similar benefit as the original device. The HFMS arrays followed different courses 
within the cochlea in the reimplanted vs. the newly implanted ear. 

Conclusion: Following re-implantation, performances returned almost immediately to the previous 
levels, despite the differences in length and shape of the electrode arrays. The simultaneous con-
tra-lateral CI gradually caught up with the re-implanted one, complementing it.

KEYWORDS: Cochlear implant, straight 
electrode, mid-scala electrode, explants, 
re-implantation, pre-formed array

INTRODUCTION

Cochlear implant (CI) re-implantation 
is not an uncommon event. With re-
implantations occurring perhaps decades 
after the original surgery, the likelihood of 
the same electrode array being available 
is reduced and even when the original 
array is still available, the surgeon might 

consider re-implantation using more up 
to date technology.

Cochlear implants (CI) have been 
successful in treating severe-to-profound 
deafness. They generally restore speech 
understanding for listening to speech in  
quiet to ceiling level [1-3]. When listening 
in competing noise, leave CI recipients 
some 9 dBHL to 15 dBHL disadvantaged 
in speech reception threshold compared 
to a normal hearing listener [4,5]. Over 
the past 30 years, some 450,000 devices 
have been implanted worldwide, with 

around 51,000 implanted in 2013 alone 
[6]. The reliability of the implanted parts 
of a CI system is typically very high. 
The Cumulative Survival Ratio (CSR) 
of current products, which ratios the 
number of device failures to the number 
of devices at risk in a given period, typically 
quoted every year, exceeds 99.8% after 
one year, or 98.8 after five years [6-8]. 
Despite such strikingly high CSR values, 
several reports quote the percentage of 
CI re-implantations ranging between 4.4% 
and 8%, with the most common cause of 

1Audiology Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico; DISCCO (Department of Clinical Sciences and  
Community Health), University of Milano,  Italy
2Neuroradiology Department, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, University of Milano, Italy
*diego.zanetti.bs@gmail.com, Tel: +39(02) 5503.5216; Fax: +39 02 5032 0754

mailto:diego.zanetti.bs@gmail.com
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implant failure being trauma [9-11]. This 
total includes re-implantations due to a 
variety of medical complications [12,13]. 
That these tend to account for fewer re-
implantations than device failures. Hence, 
considering the number of implanted 
devices, re-implantation is not uncommon. 

Different electrode arrays, depending on 
the model, range in length between 15 mm 
and 31 mm and occupy between 360 and 
720 degrees of the cochlea and, inserted 
using a variety of insertion techniques, 
will take up various positions within the 
cochlea [14]. Electrode arrays can be 
broken into two major groups: straight, 
lying along the lateral wall of the cochlea, 
and pre-formed, taking a mid-scala to 
peri-modiolar position. Some trauma is 
inevitable during insertion and will lead 
to varying amounts of fibrosis or even 
new bone growth within the cochlea [15].  
Thus, once an array has been implanted 
for some weeks its location is well 
defined through it is fully encapsulated 
within a fibrous sheath. A surgeon would 
typically choose to use an identical array 
in any revision surgery. However, with  
re-implantation now coming perhaps 
decades after the original surgery, the 
likelihood of the same electrode array 
being available is reducing. Also, even 
when re-implantation takes place where 
the original array is still available, the 
surgeon might consider re-implantation 
using more up to date technology. 
Minimizing trauma is a key consideration 
since different degrees of trauma lead to 
observable differences in outcome [16]. 
The above considerations come to bear 
in this work concerning re-implantation 
of a HiFocus1J (HF1J) electrode array 
(Advanced Bionics, Staefa, Switzerland), a 
straight 23 mm long array 0.4 mm to 0.8 
mm diameter from apex to base, with the 
HiFocus mid-scala (HFMS) array from the 
same manufacturer, a pre-formed 18.5 mm 
long array 0.5 mm to 0.7 mm diameter 
from apex to base. Note that while the 
original array is longer, its characteristic 
rotational insertion depth is lower than 
that of the HFMS array: typically 360 
degrees compared to 420 degrees [17,18].

MATERIAL AND METHODS

The prospective study deals with a 
female subject, born in 1972. Written 
consent from the patient and internal 
Ethical Committee approval was obtained 
before the patient’s management and data 
collection.

The onset of hearing loss was at 14-
15 years of age. Initially, the hearing 
loss involved only the high frequencies 
bilaterally (1990). Hearing loss slowly 
progressed over the next 5-6 years. No 
hereditary trait was evident, nor was a 
possible etiology ascertained. Genetic 
testing proved inconclusive. Hearing aids 
were worn binaurally: since 1995 initially 
in-the-ear, then Behind-The-Ear (BTE) 
power devices. The hearing loss became 
profound in 2003-2004 with the hearing 
aids no longer providing benefit.  

In 2006 cochlear implantation was 
performed on the right side. Surgery 
was conducted at the ENT department 
of the University of Ferrara (Italy). An 
Advanced Bionics HiRes90k implant with 
an HF1J electrode array was implanted. 
The implant was driven by an Auria BTE 
speech processor. At the 3-month post-
op test session, the Pure Tone Audiogram 
(PTA) was 42 dBHL with the CI alone. 
Outcomes improved further following 
hearing rehabilitation with a speech 
therapist. At 2 years post-op, a disyllabic 
Word Recognition Score (WRS) of 65% 
was obtained for presentation at 65 dB 
SPL in quiet, and speech comprehension 
in quiet had reached 75%. The patient 
expressed subjective satisfaction with the 
results. The contra-lateral hearing aid was 
abandoned owing to insufficient benefit 
and interference with the CI.

After more than 10 years of regular use, 
intermittent malfunctioning of the CI was 
reported. The substitution of the old Auria 
speech processor with a New Harmony 
model was initially tried. However, the 
problem persisted and speech perception 
began to deteriorate. An integrity test 
confirmed a malfunction of the internal 
parts of the CI. In a written report, the 
CI team suggested explantation and 
re-implantation of the right ear with a 
new device.  An HFMS electrode array 

was proposed, rather than the previous 
straight HF1J array. Also, the possibility to 
simultaneously implant the left ear was 
offered. This offer was accepted.

Before the revision surgery, audiological 
test results were as follows:

Left ear: residual hearing sensations at 250 
Hz, 500 Hz and 1000 Hz were 110 dBHL, 
100 dBHL and 110 dBHL respectively 
No open-set speech discrimination was 
possible

Right ear (when CI functioning): PTA  
45dB; disyllabic WRS=60% at 80dBHL 
in quiet; 20% with masking noise (+10 
dB SNR); 54 words/min speech tracking 
without lip-reading and 78 words/min 
with lip reading

Two months later, the subject underwent 
simultaneous implantation of a HiRes90k 
Advantage® implant with HFMS 
electrode array in the left ear, and an 
explant of the HiFocus1J and re-implant 
with an HiRes90k Advantage® with HFMS 
electrode array in the right ear (surgeon: 
first author).

On both sides, a minimal retro-auricular 
incision (3 cm) was placed at the hairline 
and taken down to the mastoid cortex in 
a single layer. On the side to be explanted, 
care was taken to avoid damage of the 
receiver/stimulator and of the array, to 
maintain the integrity of the device and 
allow the factory to ascertain the reasons 
for failure. 

The surgical report detailed the clearance 
of fibrous tissue that obliterated the 
posterior tympanotomy and sealed the 
cochleostomy site. The original HF1J array 
appeared to be in its proper position. 
Cutting of the electrode lead close to 
the cochleostomy site allowed the HF1J 
electrode array to remain in the cochlea, 
maintaining a channel for the new array. 
The previous device body and lead were 
then removed and the new Advantage 
device secured in place, using the 
previous implant body’s site. The HFMS 
array’s stylet was then mounted onto the 
insertion tool in preparation for insertion. 
Next came the removal of the HF1J 
intra-cochlear electrode array. This was 
managed slowly and uneventfully.  The next 
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step involved intra-cochlear infusion of 
dexamethasone (4 mg/ml) and immediate 
delicate re-insertion of new (Mid-scala) 
electrode array. Insertion was achieved 
using the dedicated HFMS insertion 
tool via the same anterior-inferior 
cochleostomy location made during the 
original surgery. A smooth insertion was 
achieved to full depth without resistance 
being felt. A full insertion was confirmed 
through the automatic withdrawal of 
the stylet, activated by the insertion tool 
reaching its full extent and observation 
that the proximal blue marker was at the 
cochleostomy site.  The final step involved 
sealing of the cochleostomy site with 
connective tissue. The flap was closed 
using a conventional double-layer suture 
to complete the re-implantation. 

Intra-operative compound action potential 
measurements were performed for the 
re-implanted right ear using a Harmony 
Sound Processor and Sound Wave 
Professional Suite Programming Software 
[8]. The mean electrode impedance was 
5.0 k-Ohm (range 2.4 to 9.2). Neural 
Response Imaging (NRI) recordings were 
made at supra-threshold levels for each 
electrode contact using a stimulation 
range of 150 to 250 Clinical Units (CU). 
Recognizable nerve compound action 
potentials were observed on all electrode 
contacts. Valid extrapolated mean NRI 
thresholds (t-NRI) of 152, 132, 154 and 
206 CU found at contacts 1, 3, 9, 15 
respectively. 

While implantation of the left ear is 
not directly connected to this work, 

that surgery proceeded immediately 
after re-implantation of the right ear. 
The patient was turned over, a surgical 
field developed and implantation made 
with another Advantage implant having 
a HFMS electrode array. A soft-surgery 
approach was made resulting in a full 
insertion of the electrode array. Together 
both the re-implantation of the right ear 
and new implantation of the left ear took 
2.32 hours. Following the shipping of the 
explanted device to Advanced Bionics, 
the manufacturer’s failure analysis report 
concluded that the device failed due to 
a lack of hermeticity, the source being 
a known problem with the feed-thru 
component: a so-called vendor B failure.

RESULTS

The right implant was activated the next 
day. Impedance and neural telemetry 
measurements were obtained for both 
implants during the main mapping session 
after activation (at 2, 6 and 24 weeks 
post-operatively). The subject reported 
that the initial sensation was noticeably 
different from the previous experience 
with the HF1J electrode: the sound was 
more “natural” and “warm”, although 
some metallic sound distortion was 
present.

The new CI (left ear) was activated 4 weeks 
later. The patient wore Naida CI Q70 
speech processors on both sides. She also 
asked to try a Neptune speech processor 
on the left side, but she then reported 
subjectively less benefit. Weekly sessions 
of dedicated auditory rehabilitation with 

a speech therapist progressively improved 
the speech comprehension ability.

Two months after activation the PTA on 
the re-implanted side was 34 dBHL, while 
on the newly implanted ear it reached 
42.5 dBHL. The WRS was 90% at 60 dB 
HL with the right re-implanted ear and 
70% at 80 dBHL with the left CI (Figure 1). 
After 9 months of CI use, the slight right 
ear prevalence was further reduced: the 
WRS was 90% with the right ear and 80% 
with the left, at 60 dB HL (Figure 1). 

In the speech tracking test the subject 
initially (2 months) scored 52 words per 
minute with the right (re-implanted) ear, 
but was unable to follow the live speech 
with the newly implanted ear; at 9 months 
she scored 75 words per minute with the 
right ear and 48 wpm with the left.

A Cone-Beam Computed Tomography 
(CBCT) demonstrated full insertions of 
the HFMS electrode array on both sides 
(Figure 2). The marker contacts were at 
or slightly within the cochleostomy sites. 
A close periomodiolar position was found 
at the basal turn. Compared to the newly 
implanted left side, a slightly more lateral 
location was evident in the re-implanted 
right side. This is likely due to the re-
implanted array following the sheath of 
the previous HF1J array. Angular insertion 
depths were 434° and 388° for the left 
and right sides respectively. 

At 24 months after the re-implantation 
surgery, the speech perception scores 
were further improved: while the pure tone 
threshold was substantially unchanged,  

Fig 1. Patient’s speech tracking ability (left panel) and pre-and post-operative words recognition scores (WRS) (right panel) at 2 and 9 months 
after re-implantation in the right ear and simultaneous 2nd implant in the left ear.
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25 dBHL in the re-implanted right ear 
and 33 dBHL in the left, the WRS in quiet 
reached 100% with both ears tested 
separately, at 65 dBHL in the right and  
75 dBHL in the left; the speech tracking 
was 79 and 71 words/min respectively.

Subjectively the patient was highly satisfied 
with the new implants. Compared to the 

previous HF1J in the right ear, the HFMS 
electrode array was reported to sound 
more natural, with a broader extension of 
the sound spectrum and a warmer timbre 
for voices. The binaural application was 
reported to be advantageous for listening 
in difficult situations and for sound source 
localization.  A Visual Analogue Score (VAS) 

of the overall subjective appreciation of 
sound quality was reported at 7 out of 10 
before re-implantation and 9 out of 10 at 
9 months after the revision surgery plus 
contra-lateral implantation.

The pre-op vs. post-op APHAB and Speech 
Spatial and Quality (SSQ) questionnaires 
scores are reported in Table 1 and 

Fig 2. Composite image of post-operative cone-beam computerized tomography. The array in the right cochlea (left panel) follows a slightly more 
lateral course, with respect to the modiolus than the array in the left ear (right panel). The insertion angle is 434° on the right side and 388.3° on 

the left.

Fig 3. Graphic plot of the SSQ scores before and after re-implantation in right ear plus new implantation in the left ear. 

Right Ear-24 months Right Ear-24 months Binaural-24 months
Subscales  EC RV BN AV Subscales EC RV BN AV Subscales  EC RV BN AV

Pre-explant 79 99 99 100 Pre-explant 79 99 99 100 Pre-operative 79 99 99 100
Post-re-implant 25 41 25 50 Post-re-implant 16 31 33 19 Post-Bin. CI 8.3 31 12 12

Benefit 54 59 74 50 Benefit 63 68 66 82 Benefit 71 67 87 88
EC: Ease of Communication (speech understanding under relatively favorable conditions); RV: Reverberation (communication in reverberant 
settings); BN: Background Noise (communication in noisy settings); AV: Aversiveness (unpleasantness of environmental sounds)

Table 1.  Results of comparison of the APHAB (Cox and Gilmore, 1995) questionnaire obtained before, and at 4 and 24 months after re-
implantation in the right ear (upper panel). Effects on the APHAB of the second implant in the opposite (left) ear, compared to the pre-
operative scores (right CI+left HA) is shown in the lower panel.
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Figure 3. They show an improvement, 
corresponding to the speech test scores 
reported above, which was faster in the 
right (re-implanted) ear.

DISCUSSION

While the focus in CI surgery is normally 
on achieving a particular placement of 
the electrode array, the need to revise 
virtually all of the implantations made 
today in very young children should also 
guide the implantation process.

The feasibility of replacing a straight array 
(HF1J) with a pre-formed (HFMS) array, 
having quite different dimensions and 
different design intent, is both encouraging 
and important. 

Comparing the re-implanted and freshly 
implanted cochleae within the same 
subject illustrates the influence of the 
previous HF1J array on the HFMS’s 
trajectory. The insertion depth of the 
re-implanted right side is very much in 
line with the 360° typical of a normally 
implanted HF1J array. The newly implanted 
left ear with its 434° insertion depth is 
typical of the 420 degrees expected for 
the HFMS array [18-20]. Reduced angular 
insertion on the right side is almost 
certainly due to the longer path taken in 
following the HF1J’s track.

Importantly, the uneventful surgery 
was followed by improvements being 
found for both speech perception and 
subjective measures of hearing following 
re-implantation. When comparing speech 
scores with the original Auria speech 
processor to those obtained with the 
Naida CI processor, care needed to 
be taken to produce comparable test 
results. Testing was conducted without 
any spatial separation between the 
target test material and competing for 
noise: both being presented from zero 
degrees azimuth. Hence the beam forming 
capabilities of the Naida CI processor 
could not play a role.  Another confounding 
factor might have been improvements 
in speech understanding arising from 
additional experience with electrical 
hearing. However, scores obtained with 
the initial implant were reported following 
two years of device use, by which time a 

plateau in performance would have been 
expected. 

It is useful to observe that performance 
with the re-implanted ear was already quite 
high immediately after re-implantation. 
This is important for professional’s 
counseling CI recipients about what 
to expect following re-implantation. In 
comparison, the improvement of speech 
perception after the first implantation 
of the right ear in 2006 had been much 
slower: at 3 months the PTA was 42.5 
dBHL and the WRS was only 34% at 60 
dB HL; only at 24 months after the initial 
implantation the WRS had reached 65% 
and the comprehension 75%.

The “catching up” managed by the left 
ear has been reasonably rapid in this 
case, possibly assisted by the custom-
designed rehabilitation program. The first 
month after implantation was dedicated 
to rehabilitation of the re-implanted 
ear: the CI could be switched on the 
day after surgery since the receiver/
stimulator fitted snugly and firmly into 
the existing sub-periosteal pocket. The 
patient quickly regained her speech 
understanding abilities to the level 
before the CI malfunction. Daily sessions 
of speech comprehension tasks were 
conducted under masking (continuous 
and intermittent white noise) as well as 
competing for multi-talker babble.

The second (left) CI was activated 4 weeks 
later. The speech therapist concentrated 
on improving hearing discrimination in 
the left ear by removing the right sound 
processor (re-implanted ear). Habilitation 
consisted of daily sessions of word 
recognition, initially in a closed set with 
the help of lip-reading, then for open set 
and finally open set without lip-reading. 
The patient was instructed to wear both 
CIs in everyday life but also to practice at 
home with the new (left) implant only.

The largest subjective improvement, 
based on the APHAB scores, was seen 
in the newly implanted left ear. This was 
not surprising, given the very low pre-
operative speech perception scores with 
the hearing aid. Interestingly, however, 
after 4 months a significant improvement 
was also observed in the re-implanted 

right ear. This improvement was much 
faster than in the opposite ear, which 
took almost 2 years to catch up with the 
former.

Not withstanding the recurrent 
malfunction of the CI over the last weeks 
before revision surgery, even at the time 
when the patient was using her first 
implant effectively, she was experiencing 
difficulties in reverberant environments, or 
those containing different sound sources, 
such as multiple talkers or machines.

When the SSQ scores are considered 
between the pre-explant and post-
re-implant conditions, the benefit was 
particularly evident in an improved ability 
to understand speech in unfavorable noisy 
situations [7,11]. A reduced effort was 
reported for switching attention from 
one talker to another and in other similar 
tasks implying selective attention [8-
10,12,14]. In the SSQ’s “spatial” domain, 
the scores highlighted an improved 
appreciation and discrimination of sound 
source movement. This was rather than 
the identification of static direction and 
distance, indicating that sound source 
localization and lateralization significantly 
benefited from re-implantation and 
bilateral implant use [3,6,12,13]. However, 
the improvements in spatial localization 
were less prominent than the increases 
reported for speech perception in noise 
and the quality of the perceived sound.

CONCLUSION

This report demonstrates that it is both 
practical and, in this case, straightforward 
to replace a failed implant with a device 
having a different electrode array. 
Attention must be paid to the re-
implantation process, in particular, to 
minimize the time between removal of 
one electrode array and re-implantation 
with the new array. Both speech testing 
and subjective measures indicate that 
the new array provided at least as much 
benefit as the original device. Following re-
implantation, the performance was almost 
immediately at the level provided by the 
original device, despite the differences in 
length and shape of the electrode arrays. 
In comparison, the newly implanted ear 
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improved more gradually but ultimately 
complemented the re-implanted ear. 
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Pattern of Pure Tone Hearing Loss in Adult 
with Type 2 Diabetes Mellitus
By Osuji AE1*, Da Lilly-Tariah OB1, Unachukwu CN2, Nwankwo BE3

ABSTRACT
Introduction: The incidence of hearing loss in diabetes is increasing, not necessarily because of great-
er insult of the diseases on the ear, but due to improved awareness and the emergence of epidemio-
logical studies on this previously unrecognized complication of diabetes mellitus. In the ear, diabetes 
mellitus can cause degeneration of the myelin sheath of the vestibulo-cochlea nerve. It can also lead 
to atrophy of spiral ganglion, with a reduction in the number of nerve fibres in the spiral lamina. This 
study aimed to highlight the pattern of hearing loss in adult subjects with diabetes mellitus in the 
University of Port Harcourt Teaching Hospital (UPTH), Rivers State, Nigeria.

Patient and Methods: The study comprised 129 normotensive patients with type 2 diabetes melli-
tus that attendedthe out-patients clinic of the University of Port Harcourt Teaching Hospital, Port 
Harcourt, Rivers State, diagnosed with type 2 diabetes mellitus. A pure tone audiogram was done 
according to the Modified Hughson-Westlake procedure. Pure tone hearing threshold of both ears 
was taken, audiograms of the better ear of subjects were analyzed and reported.

Results: The age range of study participants was from 21-89 years, with 52 males and 77 females. 
Sensorineural hearing loss was the predominant type of hearing loss seen and was more in patients 
aged 60 years and above. Pearson’s correlation showed a positive association between hearing loss 
and duration of diabetes mellitus and between age and hearing loss. 

Conclusion: The hearing threshold of an individual with DM is at risk, but damage to hearing acuity 
occurs as the disease progresses, making the duration of DM a greater determinant of the hearing 
threshold. Sensorineural hearing loss is the predominant type of hearing loss in people living with 
DM andis worsened in the elderly due to a synergistic effect of presbycusis.

KEYWORDS: Diabetes mellitus, pure 
tone hearing threshold, Port Harcourt, 
hearing loss

INTRODUCTION

The incidence of hearing loss in diabetes 
is increasing, not necessarily because of 
greater insult of the diseases on the ear, 
but due to improved awareness, and the 
emergence of epidemiological studies on 
this previously unrecognized complication 
of diabetes mellitus [1]. Jordao was the 
first person to report on the association 

between hearing loss and diabetes. His 
publication on hearing loss in DM in 
1857, reported a case of hearing loss in 
an imminent diabetic coma [2]. Before this 
publication, the focus of researchers on 
diabetes was only on its life-threatening 
complications. In 1990, several studies 
conducted on the association of DM and 
hearing loss were inconclusive in their 
outcome [2]. After that, clinical studies 
have been conducted to investigate the 
possible relationship between hearing 
loss and diabetes mellitus.

There are two primary types of DM, 
type 1 and type 2 and both have different 
etiological factors. Type 1 diabetes 
mellitus is an autoimmune disorder with 
an HLA- linked genetic predisposition, 
which is usually seen in young adults 
and children [3]. It is also known as 
Insulin Dependent Diabetes Mellitus 
(IDDM) and can be associated with other 
autoimmune disorders. Type 2 diabetes 
mellitus also known as Non-Insulin 
Dependent Diabetes Mellitus (NIDDM) 
results from disorders of insulin secretion 
and metabolism, and can be related to 
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genetic predisposition. In the presence 
of genetic susceptibility, environmental  
factors and lifestyle play an important 
role in promoting the expression of 
the disease clinically [4]. The Diabetes 
Control and Complication Trial (DCCT), 
noted that good glycaemic control could 
reduce the complications associated with 
DM [5]. Sequel to this, American Diabetes 
Association (ADA) recommends that 
people living with DM should try to 
maintain their HbA1C level below 7% [5].

Recent studies have shown hearing loss 
as one of the complications of diabetes 
mellitus and revealed the microscopic 
effect of DM on the cochlea [6,7]. In 
the ear, diabetes mellitus can cause 
degeneration of the myelin sheath of the 
vestibulo-cochlea nerve. It can also lead 
to atrophy of the spiral ganglion, with a 
reduction in the number of nerve fibres 
in spiral lamina [1,7]. It causes deposition 
and accumulation of glycoprotein, which 
forms the atherosclerotic plaques on 
the inner walls of the blood vessels. This 
leads to the thickening of the capillary 
walls of the stria-vascularis and small 
arteries in the ear [2,3]. It impairs nutrient 
transportation through these vessel walls, 
with a decreased blood flow through the 
narrowed vessels, eventually leading to 
tissue hypoxia and degeneration. This can 
also affect the blood supply to the CN Vlll, 
causing secondary degeneration of the 
vestibule-cochlear nerve [8]. This is the 
pathogenesis of diabetic angiopathy.

Secondly, activation of the polyol pathway 
reduces glucose to sorbitol, resulting in 
the accumulation of sorbitol within the 
neurons [9]. This reduces the myoinositol 
content and Na+/K+ATPase activity 
intracellularly, resulting in impaired 
intracellular transport, with resultant 
swelling and osmotic damage to the 
nerves [2]. These factors are responsible 
for diabetic neuropathy [9]. Protein 
kinase C is also implicated in increased 
production of cytokines, regulation of 
vascular permeability, and increased 
synthesis of basement membrane seen in 
people living with DM, however, the role 
of this substance in diabetic cochleopathy 
has not been well elaborated [7].

Before this study, most of the studies 
done in our hospital as regards diabetes 
mellitus and its complications, have failed 
to mention hearing loss as one of the 
complications of DM [10]. As a result of 
this, the ignorance abounds, thus informing 
the need to throw more light on this likely 
association between hearing loss and 
DM particularly in this our environment. 
This study aims to highlight the pattern 
of hearing loss in adult subjects with 
diabetes mellitus at the University of 
Port Harcourt Teaching Hospital (UPTH), 
Rivers State, Nigeria.

PATIENTS AND METHODS

This was a hospital-based cross-sectional 
study carried out between January to June 
2018 at the University of Port Harcourt 
Teaching Hospital, Port Harcourt, Rivers 
State, Nigeria. The UPTH is a tertiary 
health facility with 500 beds, and 
catchment areas for its patients include 
Rivers, Bayelsa, Delta, Imo, Abia, and Cross 
Rivers states [11]. The 2006 Nigerian 
Census revealed that Port Harcourt has 
a population of 1,382,592 [12]. It has an 
area of 360 km2 and the city lies on the 
geographical coordinates of 4°47’ 21” N, 
6°59’ 54” E [13].

The study comprised of 129 normotensive 
patients with type 2 diabetes mellitus that 
attended medical out-patients clinic of 
the University of Port Harcourt Teaching 
Hospital, Port Harcourt, Rivers State, who 
have been diagnosed with type 2 diabetes 
mellitus according to the World Health 
Organization (WHO) diagnostic criteria 
of fasting blood glucose ≥ 7 mmol/l or Hb 
A1C ≥ 6.5% [14]. Our exclusion criteria 
were age below 18 years and patients 
with diabetes mellitus who had comorbid 
hypertension. Hypertension was excluded 
to ascertain the effect of diabetes without 
co-morbid hypertension in the subjects 
being evaluated. Ethical approval was 
obtained from the UPTH Health Review 
and Ethics Committee, and confidentiality 
was applied. The fasting blood glucose 
was estimated using the Accucheck 
Glucometer and strips, made by Viva Chek 
laboratories Inc. Wilmington, DE, 19085, 

USA, while glycosylated haemoglobin was 
estimated using the Fine care 201 HbA1C 
analyser system made by the Radiometer 
group Copenhagen, Denmark.

The Pure tone audiometry was done using 
the ITERA Audiometer manufactured by 
MADSEN, GN Otometrics A/S, 2630T 
aastrup, Denmark, with due calibrations 
done. The transducers used for audiometry 
are TDH-39 circum-aural headphones 
for air conduction testing and B27 bone 
vibrator for bone conduction testing. 
During audiometry, each participant was 
made to sit in an enclosed soundproof 
booth, and the sound was presented 
to the ears. The hand-raising signal was 
instructed as a positive indication for 
tone heard. Air and bone conduction was 
tested for frequencies at 250 Hz, 500 Hz, 
1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz. 
The pure tone hearing threshold of both 
ears was taken, however, the audiogram of 
the better ear of subjects were analyzed 
and reported. Hearing loss was deduced 
according to the WHO classification 
of hearing loss, as a pure tone hearing 
threshold >25 dBHL in the better ear 
of an individual. Results were statistically 
analyzed using SPSS 23, and presented in 
tables and figures. Pearson’s correlation 
was used to find an association between 
variables, and a p-value of ≤ 0.05 was 
considered significant.

RESULTS

The age range of the participants was 
from 21-89 years. The mean age of 
the participants was 54 ± 6.80 years  
(Table 1). There were 52 males and 77 
female subjects in the study with m:f ratio 
of 1:1.4.

Table 1. Frequency distribution of the 
participants by age category.

Age category 
(years)

Number of subjects 
(percentage %)

20-29 2 (1.6%)
30-39 19 (14.7%)
40-49 21 (16.3%)
50-59 37 (28.7%)
60-69 33 (25.6%)
70-79 14 (10.9%)
80-89 3 (2.3%)
Total 129 (100%)
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Table 2. Degrees of hearing loss (air 
conduction) in ≤ 59 years and ≥ 60 years age 
category.

Age Degree of 
hearing loss

Number 
of subjects 

(percentage%)

Normal 69 (87.3%)
Mild 10 (12.7%)

≤ 59 years Moderate 0 (0.0%)
Severe 0 (0.0%)
Total: 79 (100%)

Normal 33 (66.0%)
Mild 13 (26.0%)

≥ 60 years Moderate 4 (8.0%)
Severe 0 (0.0%)
Total 50 (100%)

Fischer p-value=0.018*

Table 3. Types of hearing loss in subjects ≤ 
59 years and ≥ 60 years age categories.

Age Types of 
hearing loss

Number 
of subjects 

(percentage %)
Normal 69 (87.3%)

CHL 0 (0.0%)
≤ 59 
years MHL 1 (1.3%)

SNHL 9 (11.4%)
Total 79 (100%)

Normal 33 (66.0%)
CHL 2 (4.0%)

≥60 years MHL 0 (0.0%)
SNHL 15 (30.0%)
Total 50 (100%)

Fischer p-value=0.021*

*statistically significant, CHL: Conductive
Hearing Loss; MHL: Mixed Hearing Loss;
SNHL: Sensorineural Hearing Loss

Table 4. Duration of DM versus hearing loss 
among participants.

Hearing loss
Duration
of DM

Yesn 
(n %)

Non 
(n %)

Total 
(n %)

<10 years 29 (40.8) 42 (59.2) 71 (100.0)

10-19 years 28 (71.8%) 11 (28.2) 39 (100.0)

≥ 20 years 17 (89.5) 2 (10.5) 19 (100.0)

Total 74 (57.4) 55 (42.6) 129 
(100.0)

Fischer p-value=0.039*,*Statistically 
significant; DM: Diabetes mellitus

Table 5. Pearson’s correlation of hearing 
threshold with HbA1C, FBG, age, duration 
of DM.

Hearing 
threshold Characteristics Values

HBA1C
The Pearson 

correlationcoefficient, r -0.142

R-Square (r2) 0.02
p-value 0.14

95% CI  (-2.273)-
0.324

FBG
The Pearson correlation 

coefficient, r -0.052

R-Square (r2) 0.003
p-value 0.586

95% CI  (-0.813)-
0.462

Age
The Pearson correlation 

coefficient, r 0.48

R-Square (r2) 0.231
p-value 0.001*

95% CI 0.374-
0.462

Duration of DM
The Pearson 

correlationcoefficient, r 0.356

R-Square (r2) 0.127
p-value 0.001*

95% CI 0.407-
1.224

*Statistically significant

DISCUSSION

In this study, hearing loss was more in 
subjects 60 years and above, compared to 
the younger population (Table 1). Similar 
to this study, some researchers have 
noted a greater hearing loss in subjects 
60 years and above [15,16]. This finding is 
supported by the presence of a statistically 
significant positive relationship found 
to exist between the hearing threshold 
and age (Table 2). This implies that aging 
exerts an additional effect on the hearing 
threshold of participants in this older 
population, leading to a worse hearing 
loss from the dual effect of diabetes 

mellitus and presbycusis (Table 3). It was 
showed that elderly people living with 
type 2 DM, have poorer hearing levels 
when compared to age and sex-matched 
non-DM subjects [15]. It is stated that 
hearing loss in DM may not be solely due 
to age, or progression of diseases, but may 
be due to other factors that may require 
a more precise investigation [16,17]. 
This is supported by findings by some 
researchers who studied non-elderly 
people 35-55 years found a significant 
proportion of hearing loss in their group 
with type 2 DM when compared to 
control [18].

Sensorineural hearing loss was the 
predominant type of hearing loss seen in 
people with DM in this study, however, 
it was significantly higher in the older 
population of 60 years and above. The 
effect of DM is noted in the cochlea, 
which houses the sensory receptors, 
thereby damaging the sensory aspect 
of hearing (Table 4). Secondly, the 
neuropathy caused by diabetes mellitus 
can affect the cochleovestibular nerve, 
resulting in sensorineural hearing loss 
[19]. On the other hand, age-related 
hearing loss is sensorineural, and will, 
therefore, result in a synergistic effect 
on causing sensorineural hearing loss 
in the elderly. The studies showed that 
elderly people living with type 2 DM have 
worse sensorineural hearing loss when 
compared to age and sex-matched non-
DM subjects [15]. And this agrees with 
our finding that apart from the effect of 
age, diabetes mellitus causes significant 
sensorineural hearing loss.

The presence of a conductive hearing loss 
in people with DM may be attributed to 
the relative immune compromise seen in 
DM especially in the presence of a poorly 
controlled glycaemic level. Impairment in 
mucocilliary function and change in canal 
pH can also be seen in people living with 
DM [20]. This predisposes them to ear 
canal and middle ear infection, leading 
to conductive hearing loss. In a study of 
170 subjects with DM conductive hearing 
loss was seen in 44.3%, and sensorineural 
hearing loss in 38.5%, making conductive 
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hearing loss the highest type of hearing 
loss in their work [21]. This corroborates 
the finding in our study.

Furthermore, the configuration noted 
on the audiogram for most of the cases 
with hearing loss was the sloping curve, 
which indicates more of high-frequency 
involvement, like presbycusis. However, 
as much as this configuration may seem 
like presbycusis, it should be interpreted 
with caution, because same pattern was 
observed in the younger population, even 
in the absence of familial predisposition 
to presbycusis [18]. Furthermore, the 
pattern of hearing loss found in diabetes 
mellitus, is similar to presbycusis, due to 
the fact that the disease causes premature 
aging of the cochlea-vestibular system 
[19]. Therefore, hearing loss is seen in an 
exaggerated proportion greater than that 
seen in the normal population of the same 
age range [1]. Using a study population of 
only persons with DM, Bainbridge in her 
study, grouped the frequencies into low, 
middle and high, and found hearing loss 
across all frequencies, but more in the 
low and middle frequencies [1]. It was also 
stated that hearing loss in DM affects all 
frequencies [22]. It was opined that DM 
affects the higher frequencies, but can also 
affect the middle and lower frequencies, 
because atrophy of the stria-vascularis 
was seen in the lower basal, lower 
middle, upper-middle and apical turns 
of the cochlea [1,22]. In a study on DM 
and its effect on cochlea structure, it was 
reported that there can also be a situation 
where the atrophy of the stria-vascularis 
is only in the lower and middle turns, and 
no changes in the apical turns [23]. In this 
case, the lower frequencies are spared in 
such individuals.

In our study, we noted that the percentage 
number of subjects with hearing loss 
increased with longer duration of DM, 
such that hearing loss was present in 
more subjects with a duration of DM 
lasting over 20 years, as compared to 
people with a duration of DM lasting 10-

20 years, whereas the latter had more 
subjects with hearing loss as compared 
to subjects with a duration of DM less 
than 10 years. A positive association was 
reported between the duration of DM 
and SNHL and noted that people with 
DM of more than 15 years duration had 
an increased prevalence of hearing loss 
when compared to younger age groups 
[24]. Also, some studies have shown that 
as the duration of DM increased to15 
years, incidence of hearing loss increased, 
but after 15 years, the effect on hearing 
loss was no longer significant [25]. But no 
ready explanation for this finding noted in 
the study. However, another researcher 
reported that the investigation of the 
duration of DM in relation to hearing loss 
yielded no clear conclusion [26].

Pearson’s correlation in this study shows 
no correlation between glycaemic control 
and hearing threshold, despite having a 
positive correlation with the duration of 
DM (Table 5). This indicates that in the 
presence of poorly controlled DM, the 
hearing acuity may be at risk, but the 
damage becomes obvious with disease 
progression. Consequently, among the 
subjects with poorly controlled DM, it 
was observed that those with a longer 
duration of the disease have poorer 
hearing thresholds. This was also noted in 
the study by Austin et al., who stated that 
the chronic effect of hyperglycemia, makes 
the duration of DM a greater predictor of 
hearing loss rather than glycaemic control 
[27]. However, no correlation was found 
between FBG, HbA1C (glycosylated 
haemoglobin), and hearing threshold in 
some studies [7,28]. Contrary to another 
researcher who showed a strong positive 
association between blood glucose level, 
glycosylated haemoglobin, and severity 
of hearing loss [24]. Similarly, in other 
prospective study observing blood 
glucose and hearing loss, found that the 
maximum incidence of SNHL occurred 
with high glucose levels when compared 
to the normal range [26]. Few other 

researchers in their work found no 
association between glycaemic control 
and hearing threshold, which made them 
insist that the duration of DM is a greater 
determinant of hearing loss, summing up 
the effect of repeated episodes of raised 
blood glucose [19,27].

A statistically significant linear relationship 
was found to exists between the Hearing 
threshold and Duration of diabetes 
mellitus. As the duration of DM for 
subjects increased, their hearing threshold 
increased. This finding buttresses the 
positive association between the duration 
of diabetes mellitus and hearing loss. It 
was opined that the repeated episode 
of hyperglycaemia, over time, leads to a 
chronic effect on the subject’s hearing 
threshold [19,27]. Thus the duration 
of DM is a greater determinant of the 
hearing threshold as regards the effect of 
raised blood sugar [27].

CONCLUSION

The hearing threshold of an individual with 
DM is at risk, but damage to hearing acuity 
occurs as the disease progresses, making 
the duration of DM a greater determinant 
of hearing acuity. Sensorineural hearing 
loss is the predominant type of hearing loss 
in people living with DM and is worsened 
in the elderly due to a synergistic effect of 
presbycusis. 

RECOMMENDATIONS

There should be more health education on 
the effect of diabetes mellitus on hearing. 
The people with DM, their caregivers, and 
health care personnel involved in their 
primary management at one point or the 
other, need to be aware of the increased 
risk of hearing loss in these individuals. 
An increased understanding of this 
complication of DM will help improve the 
commitment of the affected individuals, 
and their caregivers to achieve a better 
quality of life for these adults with type 
2 DM.
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Experience in Vestibular Rehabilitation  
Therapy: Vestibular Substitution, Cognition and 

Counseling
By Lizeth Paez*

ABSTRACT
In my experience as an Audiologist, I have used a vestibular rehabilitation therapy protocol, focused 
on bilateral vestibular loss, using the vestibular substitution strategy in combination with cognitive 
tasks and counseling. Vestibular rehabilitation therapy is divided into two main approaches; the first 
one corresponds to canalith repositioning maneuvers while the second approach corresponds to 
the training of balance skills to achieve vestibular compensation, through adaptation strategies and 
vestibular substitution. The substitution strategy is based on the distributive property of the central 
nervous system to control vestibular functions; various neural networks in the brain are capable of 
reorganizing functionality through learning and imitating the dynamics of lost vestibular function. 
However, beyond the vestibular function itself, some research has revealed that users report cog-
nitive limitations after suffering vestibular disorders. The vestibular system interacts with high-level 
cognitive processes including spatial perception, spatial navigation and body representation. The im-
pact of vestibular injury on concentration, attention and memory skills has been studied. Conven-
tional vestibular rehabilitation therapy focuses on improving the use of non-vestibular sensory cues, 
while cognitive training operates at a high level of processing. Cognitive training methods aim to 
reduce symptoms and improve compensation of sensory cues in patients with bilateral vestibular 
loss. Subsequently, counseling is a fundamental element to maintain the user’s motivation, informing 
them of the session’s objectives and the achievements in each of the therapy session.

KEYWORDS: Vestibular rehabilitation, 
cognition, substitution, neural plasticity

BACKGROUND

Vestibular loss is a condition generated 
because of the failure of the peripheral 
vestibular structures. This disorder can be 
unilateral or bilateral. The most common 
etiologies of bilateral vestibular loss are 
drug toxicity, traumatic brain injuries, 
meningitis, otosclerosis and several other 
factors, including those associated with 
aging. As a result of this condition, patients 
suffer of balance and vestibulo-ocular 
dysfunction.

There are different treatments for the 
bilateral vestibular loss, as vestibular 
rehabilitation therapy as well as 

medications and surgery. Vestibular 
rehabilitation therapy is divided into 
two main approaches, the first one 
corresponds to canalith repositioning 
maneuvers, which are established in 
clinical practice and have extensive 
scientific evidence. The second approach 
corresponds to the training of balance 
skills to achieve vestibular compensation, 
through adaptation strategies and 
vestibular substitution [1-3].

The vestibular rehabilitation approach to 
compensation is based upon the concept 
that functional restoration requires a 
systematic reintegration of the multiple 
sensory modalities involved in balance 
[4]. The substitution strategy is based on 
the distributive property of the central 
nervous system to control vestibular 

functions; variousneural networks in 
the brain are capable of reorganizing 
functionality through learning and 
imitating the dynamics of lost vestibular 
function. The neurons of the vestibular 
nuclei are not purely vestibular, they 
also receive visual, motor and somato-
sensory signals, which are understood as 
multisensory integration. The vestibulo-
ocular and cervico-ocular exercises 
engage plasticity of these reflex pathways 
[5-8]. Substitution throughout eye and 
head movements exercises are designed 
to recalibrate depth and spatial perception 
of the current sensory information.

However, beyond the vestibular function 
itself, some quantitative analysis of 
empirical case histories and detailed 
interview data indicate that patients 
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perceive cognitive limitations after 
developing the balance disorder [9-
11]. The impact of vestibular injury on 
concentration, attention and memory 
skills has been studied through the use of 
the Dizziness Handicap Inventory (DHI) 
[9-13]. The vestibular system interacts 
with high-level cognitive processes 
including spatial perception, spatial 
navigation, and body representation [6]. 
The degree of cognitive decline was 
found to be related to worsevestibular 
rehabilitation outcomes [14].

Authors suggest that cognitive training 
methods can lead to reduced symptoms 
and improved compensation for the 
lack of sensory signals in patients with 
complete vestibular loss. Conventional 
vestibular rehabilitation therapy focuses 
on improving the use of non-vestibular 
sensory cues, while cognitive training 
operates at a high level of processing. 
In the context of the probabilistic 
model, there are different ways in which 
cognitive training can improve vestibular 
sensory interference [15]. Modifications 
in Vestibulo-Ocular Reflex (VOR) gain, 
postural changes and quality of life seem 
to rely pivotally on brain regions involved 
in both cognitive and vestibular input 
processing [14,16]. Cognitive training 
methods aim to reduce symptoms and 
improve compensation of sensory cues in 
patients with bilateral vestibular loss. These 
changes can function as a measurement 
factor for dysfunction and reorganization 
of vestibular influence in regions such 
as the amygdala, prefrontal cortex, 
and hippocampus [17-24]. The plastic 
remodeling of the synaptic connections 
obeys the Hebbian principle of neuronal 
network plasticity, which tells us that 
when the brain is engaged behaviorally 
the inputs activatedsimultaneously in 
time strengthen together and increase 
their cooperativity. Active training and 
physical activity have been shown to 
induce structural and functional neuronal 

reorganizations in animal models, 
compared with untrained individuals [25].

VESTIBULAR REHABILITATION 
THERAPY PROCESS

The first step of every treatment is 
analyzing the assessment results, including 
the DHI, vestibulo-ocular test as video 
hit impulse test and balance test as 
sensory organization performance, based 
on these results the next step is setting 
the intervention objectives. All this 
information should be explained to the 
user and his family by counseling.

The rehabilitation process is top-down, 
working throughout the patient tolerance 
[26,27]. When we apply the adaptation 
strategy it is focused on improve 
vestibulo-ocular reflex gain through eyes 
and head movements. While substitution 
exercises challenge balance without 
vision, with disturbed vision, or on uneven 
surfaces. The standard protocol includes 
exercises performed while lying down, 
sitting, standing, and walking positions. 
Meanwhile, the dual task protocol 
incorporates cognitive task, as read a text, 
remember names of animals, pay attention 
to an auditory stimulus, and memorize a 
series of numbers. 

Sessions are scheduled twice a week, in 
each one of this meetings it is explained 
to the patient the session objectives, then 
the exercises are performed mixing the 
compensation and the cognitive tasks, for 
example the patient is instructed to walk 
from one place to other while he is saying 
series of numbers. Users are encouraged 
to perform these same exercises at home. 
At the end of all sessions, results are 
measured by DHI, vestibulo-ocular and 
balance test, to verify the improvement 
of vestibular function compared with the 
first session. 

In my clinical experience I used this 
technique for the last four years in 
patients of different ages accomplishing 

great engagement to the treatment, 
because as the patient as well as his family 
noticed an improvement in quality life, and 
the difference between the first and the 
last DHI scores are remarkable.   

The success of the vestibular rehabilitation 
therapy depends on intrinsic aspects such 
as motivation and empathy with the 
therapist, which are developed through 
counseling, from the first moment of 
contact with the user, when the operation 
of the vestibular system is explained 
to them, the results of its vestibular 
assessment and the objectives of the 
intervention. Subsequently, counseling is 
a fundamental element to maintain the 
user’s motivation, informing them of the 
session’s objectives and the achievements 
in each of the therapy session[28,29].

CONCLUSION

In conclusion, cognitive training may 
provide many benefits; it is cost-effective, 
and can easily be performed on a daily basis 
in the comfort of patients’ own homes. 
Additionally, patients do not depend on 
medication and can take action to reduce 
their symptoms, which enhances their 
self-efficacy. Vestibular differentiation 
has dramatic consequences for higher-
order processing of vestibular and spatial 
information. Cognitive training of head 
and body movements will help patients 
not only to improve their ability to predict 
movement and the ensuing sensory 
consequences, but also to increase their 
confidence in these predictions. Other 
studies provide objective support that 
more sluggish information processing may 
contribute to the perception of difficulties 
with concentration and memory by 
these patients. Consequently, the 
Dizziness Handicap Inventory (DHI) is a 
fundamental tool in vestibular assessment 
and following, in addition to other scales 
that assess higher cognitive functions.
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SHORT COMUNICATION

The Effect of Low-Frequency Sounds and  
Infrasound on the Inner Ear Functions Hearing 

and Balance
By Iman Ibrahim*

The interactions between auditory 
information and the maintenance of 
postural balance are not widely studied 
[1,2]. It is not widely recognized that 
poor hearing may increase fall risk. 
The link between hearing loss and 
postural stability gained more interest 
recently, mainly because hearing loss was 
significantly associated with the odds of 
reported falls. For every 10 dB increase 
in hearing loss, there was a 1.4 fold (95%  
CI: 1.3-1.5) increased odds of an individual 
reporting falling over the preceding 
12 months [3]. Postural regulation is 
the result of dynamic processing of 
multiple sensory inputs by the central 
nervous system. There are well-known 
contributions of musculoskeletal, visual, 
prospective and vestibular information 
to the maintenance of postural balance 
and stability. However, the contribution 
of auditory inputs to postural stability has 
been under-investigated [4].

The author co-authored a study to 
investigate the effect of auditory input on 
postural stability both in normal hearing 
individuals and hearing aid users [5]. The 
discussion here will be limited to the 
results of the normal hearing group.The 
ability to localize sound sources was tested 
as well since increases the awareness of 
the surrounding environment, and hence 
is an important source of information that 
improves balance control and postural 
stability.

A total of 21 normal hearing participants 
were enrolled (13 females and eight males; 

mean age 37.1 ± 15.9). Four participants 
were found to have a high frequency 
hearing loss at 4 KHz and 8 KHz (three 
males and one female; age range (57 to 
70 years). Those participants were tested, 
and their results were compared with the 
17 normal hearing individuals (mean age 
29.5 ± 11.4).

To test postural stability, Romberg 
on foam and tandem gain test ware 
performed. For Romberg on foam test, 
participants were asked to take off their 
shoes and stand on a foam pad with feet 
together, with eyes closed, and with arms 
crossed above their shoulders. The goal 
was to maintain balance for 30 seconds. 
For Tandem test, participants were asked 
to place their dominant foot in front of 
the other in a heel to toe fashion and 
maintain this posture for 30 seconds. Each 
test was conducted three times for each 
condition (with and without earplugs).  All 
tests were done in the presence of 1/3 
octave noise (center frequency~3 KHz), 
emitted from a speaker placed directly in 
front of the subject (at 0° azimuth). 

Horizontal front/back sound localization 
was tested. Two stimuli were used: low-
pass (<2 KHz) and high-pass (>2 KHz) 
Narrow Band Noise. Stimuli were 
presented at 30 dB SL from two speakers, 
at +45° and +135°. 

Results for balance tests for the  
17 normal hearing individuals and 4 
hearing impaired individuals are shown in 
Figure 1. For Tandem stance, all 17 normal 
hearing participants were able to stand for 

30 seconds with or without the earplugs. 
Also, for the Romberg on foam test, they 
were all able to stand for 30 seconds 
without earplugs. When earplugs were 
used, all could stand for 30 s, except for  
2 subjects,  yielding an average performance 
of 29.9 ± 0.2 seconds. The four hearing 
impaired participants had similar results 
for Tandem stance, however, 2 of them 
were not able to maintain 30 seconds in 
Romberg on foam test, their average was 
28 ± 3.4 without, and 24.5 ± 5.8 seconds 
with earplugs.

Results for sound localization tests for 
the 17 normal hearing individuals and four 
hearing impaired listeners are shown in 
Figure 2. Normal hearing participants had 
an average correct score of 80% (±16) for 
the low-pass filtered sound, and 90% (±13) 
for the high-pass filtered sound without 
earplugs. When earplugs were used, 
scores were 69% (±13) for low-pass, and 
60% (±20) for high-pass sounds. Hearing 
impaired individuals’ scores were 51%  
(±13) for the low-pass, and 55% (±8) for 
the high-pass sounds without earplugs. 
With earplugs, their performance was 
58% (±28) for the low-pass, and 52% (±25) 
for the high-pass sound. Comparing the 
normal hearing and the hearing impaired 
listeners’ scores for sound localization 
test revealed significantly lower scores for 
hearing impaired listeners (p=0.046).

Hearing sensitivity at high frequencies 
exhibits great discrepancies between 
old and young individuals. Older adults 
frequently develop high-frequency hearing 
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loss (presbycusis). However, a little is 
known about the difference in low-
frequency hearing sensitivity between 
older and younger adults, and whether it 
has an impact on vestibular function and 
postural stability.

In their review on low-frequency noise, 
Leventhall et al. reported that hearing 
thresholds at low frequencies (4 Hz- 
200 Hz) for older adults (50-60 years old) 
was 7 dB less sensitive at the 50% median 
level for the young adults, however, it was 
only 3 dB less sensitive at the 10% level 
[6]. 

Our results for sound localization 

revealed that the only condition that was 
not affected was the sound localization at 
low frequencies in the older adults. It has 
slightly increased. 

The transmission of low frequencies and 
infrasound in the inner ear is not fully 
understood. Several mechanisms limit the 
transmission of low-frequency sounds in 
the ear. The middle ear impedance is rather 
dominated by stiffness below 200 Hz [7]. 
The term “infrasound” is rather confusing 
because sounds were reported to be 
heard at frequencies below the reported 
limit of human hearing (16 Hz). A reliable 
hearing threshold was measured down to 
4 Hz in an acoustic chamber and down 

to 1.5 Hz for earphones [8]. The outer 
hair cells are more sensitive to infrasound 
compared to the inner hair cells. The 
fact that infrasonic sound that cannot be 
heard does not necessarily means that 
those low-frequency sound pressure 
waves do not affect the functions of 
the inner ear. Individuals become more 
sensitive to infrasound under certain 
pathological conditions, such as superior 
canal dehiscence and Meniere’s disease 
[7].

Postural regulation is the result of the 
dynamic processing of multiple sensory 
inputs by the central nervous system. 
There are well-known contributions of 

Fig 1. Results of Romberg and Tandem tests for balance for normal hearing and hearing impaired individuals (normal hearing in blue and hearing 
impaired in yellow).
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Fig 2. Sound localization test results for normal hearing and hearing impaired individual Low-fr: Low-frequency; Hi-fr: High-frequency (normal 
hearing in blue and hearing impaired in yellow).
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musculoskeletal, visual, proprioceptive, 
and vestibular information to the 
maintenance of postural balance and 
stability. However, the contribution of 
auditory inputs to postural stability has 
been under-investigated [4].

Unlike the hair cells in the cochlea, the hair 
cells of the vestibular organs are sensitive 
to low frequencies (below 30 Hz), however, 
these hair cells do not typically respond 
to airborne sound pressure waves, they’d 
rather respond to mechanical input 
from head and body movements [7]. The 
vestibular system responds passively to 
acoustic stimuli beyond its frequency 
range when these are loud enough. This 
response can be physiological (such as 
Vestibular-Evoked Myogenic Potential 

(VEMP), or pathological (such as the Tullio 
phenomenon).

The preservation of hearing sensitivity at 
low frequencies in older adults may play 
a role in postural stability. Further testing 
for the effects of low frequencies and 
infrasonic sound pressure waves on the 
inner ear components might reveal more 
links between auditory input and postural 
stability.
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Progression of Hearing Aid Technology
By Razia Kausar*

At present, around 5% of the world’s 
population (466 million people) are 
suffering from hearing disorders. The 
cause of hearing loss varies from 
individual to individual. It may be due to 
chronic infectious diseases, complications 
at the time of birth, genetic causes, and 
exposure to loud noises for a long time or 
because of the use of particular drug. As 
a consequence, people who are suffering 
from hearing loss suffer from difficulties 
in communication that leads to loneliness, 
frustration, isolation and lack of self-
confidence. Therefore, to overcome the 
hurdle of deafness hearing aid/device was 
developed, firstly in the 19th century, and 
this electrical hearing device was name 
as ‘Akouphone’ invented by Miller Reese 
Hutchison in 1898. Carbon Transmitter 
was used to make the device portable. 
That carbon transmitter uses electric 
current for the amplification of weak 
signals to strong signals.

Soon after this, vacuum tube hearing 
aid was designed that was named as 
‘Vactuphone’ which allowed greater 
amplification (upto 70 decibels). But the 
drawback of this hearing aid was its weigh 
which was more than 200 pounds. So the 
need of that time was to develop portable 
hearing device.

In 1938, first wearable hearing device 
was generated. It had a small earpiece 
connected to a batter pack and an 

amplifier-receiver. Later in 1950s, 
transistors were fitted in between the 
triangle shaped pieces of pair of glasses 
to make the hearing aid devices and 
therefore named as ‘Hearing glasses”.

Ear-only hearing aid was first developed 
in 1960s. And these were more reliable 
and unconstructive than all the previously 
developed devices. But the distorted 
sound quality and auditory feedback was 
still a major problem. The development 
of microprocessors in 1970s leads to 
the miniaturization if the hearing devices.  
Researcher Edgar Villchur (known for 
the invention of the Acoustic Suspension 
Loud speaker) generated a device with 
an analog multi-channel amplitude 
compression that was used to separate 
audio signal into frequency bands. This 
multi-channel amplitude compression 
system was later used as a fundamental 
structure in the development of digital 
hearing aid technology.

Also in 1970s, the components of 
conventional hearing aid including 
filters, signal limiting and amplifiers were 
combined with digital programmable 
component to create a hybrid hearing aid. 
In this hybrid device, the digital component 
could be programmed by connecting with 
computer. These devices were effective 
because of compact size and low power 
consumption. 

The progression in digitalization of hearing 
aids started after the generation of high-
speed digital-array processors widely used 
in minicomputers, as these processors 
were able to process audio signals at very 
high speed which is equivalent to real 
time speed. 

The first commercial digital hearing 
aid device was developed by Nicolet 
Corporation in 1987. Although, Nicolet 
Corporation’s hearing device was not 
successful publicly and the race to create 
more effective hearing aids started among 
the manufacturers. After two year, Behind-
the-ear (BTE) was launched. 

Digital Technology is currently at the latest 
stage of hearing aid evolution. The newest 
devices that are commercialized today 
finely meet the needs of the individuals. 
Latest hearing aids are portable and also 
the problem of distortion existed in 
many analog models is reduced. These 
digital aids are quite sensitive that they 
can even pick up additional background 
noises. The brand new models have built-
in algorithms to eliminate background 
noises that further helps in improving the 
sound quality.

The novel technologies in this era are 
significantly better and helpful for the deaf 
individuals in improving their lifestyle and 
for their growth and development.
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