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Abstract

Single sided deafness (SSD) is established when the patient has normal hearing in one ear and severe to profound hearing loss 
in the other one, and measured by pure tone audiometry as hearing threshold (over 0.5, 1, 2, and 4 KHz) of at least 70 dB hearing 
level in the affected ear and not more than 30 dB HL in the better ear. The causes of single sided deafness include many pathologies 
such as: temporal bone trauma, Meniere`s disease, vestibular schwannoma, cochleovestibular abnormalities, vascular ischemia, 
autoimmune disease, and infection. Idiopathic cause is commonly encountered. The advantages of binaural hearing include head 
shadow effect, binaural summation, and binaural squelch. The diminished ability to orient and understanding meaning of patient 
with SSD have negative impact on quality of life which may be equal the effect of bilateral loss, also, it may threaten safety. The 
conventional treatment of single sided deafness was contralateral routing of sound and Osseo integrated implants. Both forms 
of the treatment are effective in addressing head shadow effect but have no advantage to provide psychoacoustic information to 
deaf side i.e. squelch and summation effects, which are mandatory to improve speech perception in noise. The cochlear implant is 
the only treatment modality that offers bilateral listening that improve recognition in noise and sound localization. Results from 
studies and satisfaction questionnaire confirmed the superiority of CI and significant performance improvement regarding sound 
localization, speech perception and marked tinnitus improvement.

Introduction
As esteemed Professor Dr. Jan Helms puts it “from my 

perspective, cochlear implants are the most significant medical 
development in the second half of the twentieth century, as they 
replace an entire sensory organ”. Single sided deafness (SSD) is 
a condition where the patient has normal hearing in one ear and 
severe to profound hearing loss in the other ear. In the adult general 
population, it affects between 12- 27 per 100,000 adults. In most of 
cases the hearing loss is due to sudden or idiopathic causes [1].  The 
incidence in pediatric and adolescent population is 0.4 to 3.4 per 
1,000 live births and continues to increase through the childhood, 
with a prevalence in school- aged children of 3 to 6% [2-4]. SSD 
patients have been underestimated historically, and previously 
either have been observed without intervention, or have been 
treated with contralateral routing of signal (CROS) hearing aids or 
bone conduction devices (BCDs) [5,6]. The diagnosis of congenital 
hearing impairment from early days of life is available due to the 
programs of hearing screening of newborn. When the profound 
hearing loss is diagnosed and treated early in life, speech and  

 
language can be developed by exposure to sound. The adaptation 
of the brain to experience by the time, but its utmost plasticity is 
during the first few years [7]. As shown by studies, spoken language 
is better in bilaterally cochlear implanted children who have 
bilateral loss than others who have unilateral cochlear implant, and 
as early possible and younger as the implantation is, the better the 
performance. SSD especially in children result in slower language 
acquisition, poor academic performance, increased listening effort, 
and poor quality of life compared to normal hearing subjects 
[8,9]. Cortical auditory evoked potentials in children with SSD are 
obviously different than those obtained in normal hearing controls 
[10].

The causes of single sided deafness include many pathologies 
such as: temporal bone trauma, Meniere`s disease, vestibular 
schwannoma, cochleovestibular abnormalities, vascular ischemia, 
autoimmune disease, and infection. Idiopathic cause is commonly 
encountered. Sudden onset of SSD is often reported, and results in 
significantly suffering patients [11, ]. Despite normal contralateral 
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hearing, deficits and disability were reported as time elapsed. More 
effort is needed to compensate for the deficit, results in auditory 
fatigue [12-15] and reduced performance. This handicap is strongly 
related to deficits in spatial perception.

Advantages of binaural hearing 

The advantages of binaural hearing include the head shadow 
effect, binaural summation, and binaural squelch [16]. The head 
provides a physical barrier to sounds, causing an attenuation of 
the signal in the ear not directed at the source. The head shadow 
effect varies according to the frequency and position of the 
signal. The head shadow effect occurs when speech and noise 
are spatially separated, in which the head originates an acoustic 
shadow resulting in an improved signal to noise ratio (SNR) in one 
ear enables the listener to selectively present to the ear with the 
better SNR. The head shadow attenuates high frequency sounds by 
about 20 dB and low frequency sounds by only 3 to 6 dB [17], and 
it does not require higher level cortical processing and binaural 
squelch occurs when speech and noise are spatially separated, 
and different inputs are delivered to both ears. To achieve binaural 
squelch advantage, the central auditory processing is required to 
integrate the signal from each ear alone at the level of the auditory 
cortex to improve audibility. In noisy environments, a 2-6 dB in 
signal threshold is added by the higher order auditory processing. 
At the same time, the squelch effect reduces SNR by 2 to 3 dB 
which improve the ability to differentiate sound of interest from 
background noise [18]. The limited evidence is supporting the 
objective benefits of binaural squelch [19]. Binaural summation 
which is central auditory processing effect takes place when both 
ears received similar signal and relies on varying SNR between 
ears. Also, the central processing of the combined signal lead to 
improvement in speech perception in quiet environment and is 
useful in background noise due to increase of perceptual loudness 
by up to 3 dB [20]. 

Sound localization depends on two factors, the first one 
is interaural timing difference (ITD) which is the difference in 
arrival time for the stimulus between the two ears, and the second 
one is the interaural level intensity difference (ILD) which is the 
difference in the intensity of a stimulus reaching both ears. ITD 
is 0 µs as the sound delivered directly to the front of the person 
and is increasing up to the maximum value of ~600 µs when the 
signal presented ±90◦ azimuth because ITD value increases when 
the sound goes laterally in horizontal plane. So, the sound will be 
detected by the ear nearest to the sound of the interest before the 
other ear which is more far from the delivered sound. ILD gives the 
benefit that the more intense signal is perceived by the ear closer 
to the stimulus compared to other one [21] and it increases when 
the signal deviates away from 0◦ azimuth. Both ITDs, and ILDs are 
a frequency-dependent and 20 dB of attenuation or more could be 

achieved in the level difference as a function of frequency because 
of head shadow effect. The binaural auditory system depends on 
phase delays caused by ITDs when low frequency sounds (below 
800 Hz) is presented, and for high frequencies (i.e. higher than 
1600 Hz) the first signal for localization comes from ILDs which 
arise mainly from the head shadow effect [19,22]. In the mid-
frequencies between 800 and 1,600 Hz) both ILD and ITD are 
used. For spatial hearing, the integration of acoustic information 
from both ears is needed, and gives precise information for speech 
processing, localization, the segregation of auditory streams and 
the perception of fused sounds. The binaural hearing signals has a 
great benefit in spatial hearing abilities, and the monoaural signals 
provide the information concerning about the ability to determine 
the distance of a sound source the ability to determine the distance 
of a sound source.

Effect of SSD

The diminished ability to orient and understanding meaning in 
patients with SSD have negative impact on quality of life which may 
be equal the effect of bilateral loss [11,23]. To overcome the effect 
of SSD, an extra 3-10 dB is needed to be added to achieve the same 
perceptual improvement of binaural summation of the signals 
[24-26]. So, patient with SSD exert a more effort and attention to 
attend to a target speaker. This effect may manifest as distracted, 
inattentive, or even unaware of a talker positioned at the affected 
ear specially in difficult situation where the signal to noise ratio is 
poor. Therefore, a need to modify to maximally position the good 
ear for hearing.

Consequences of single sided deafness in children

Spatial hearing and binaural processing

Single sided deafness has negative impact not only on quality 
of life, but it may threaten safety. SSD patients encounter troubles 
in spatial and hearing binaurally which result in localization error 
up 280 compared to 40 and 60 in normal hearing [27,28].  To get 
performance like normal hearing persons to determine sentences 
and nonsense syllables, improving listening condition by increasing 
SNR between 2.5- and 8-dB is needed [29,30]. Lieu et al. [31] in a 
study of 107 children with SSD using CID W-22-word list reported 
poorer word recognition scores in quiet and in babble noise. Other 
study by Reeder et al. [28] of twenty patient aged 6-17 years- old 
children with SSD compared to normal hearing controls reported 
badly affected word recognition ability even when the words were 
presented in quiet. When the noise was delivered from the front 
of the person, the performance was equal in normal hearing (NH) 
and children with hearing impairment (HI). But NH children have 
the advantage of spatial unmasking if the direction of the sound 
changed to right or left. In moderately severe to profound SSD 
affected children better word identification in noise was achieved 
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only when the noise was moved to the deaf ear. Annoying results 
of badly affected sound localization ability in SSD affected children, 
as they are subjected to hours of environmental noise each day 
[32]. The learning ability is affected because of diminished ability 
to listen in noise, also because children require a more SNR than 
adults to achieve equal speech recognition scores. To help children 
with SSD to get suitable conditions for learning, improving the SNR 
should be considered in addition to improving environments of the 
classroom and addressing auditory distraction. Kral et al. [33] in 
his study concluded that abnormal changes in individual wiring 
and coupling patterns in the brain which cause sensory loss and 
negatively affect the development of spoken language and higher-
order cognitive skills in congenitally deaf children.

Processing of the neurons 

Early childhood is a critical and sensitive time for brain 
development, and loss of auditory input either acquired or 
congenital during the developing time has serious bad impact on 
growth of the cortex, and synaptic development [7,34,35] which 
leads to changes in auditory and other brain parts [34,36-40] and 
as the brain works as a whole and not in isolation parts as stated by 
Kral et al. [33] who presented the connectome model, the changes in 
the auditory and other brain parts could be manifested as affected 
functional connectivity of the brain responsible for executive 
functioning, cognition, and language comprehension [41].

The development of neurocognitive factors 

Spoken language: infancy

The early detection of hearing loss provided by neonatal 
hearing screening is very useful in early management and to 
avoid bad impact of undetected or late diagnosis of hearing loss 
which may be diagnosed or noticed when the child starts walking. 
Unfortunately, diagnosis of SSD during the first year of life could be 
easily missed, because of quiet surrounding [32], sleeping a lot of 
time, and the delivered sound and perception are at short distance 
from one-to-one. The negative effects of SSD include a delay of 5 
months in infant with SSD to produce two-word phrases compared 
to NH children as concluded by Kiese-Himmel [42] and delays of the 
language in preschool period was reported by Borg et al., 2002. The 
natural listening condition of the proper acoustic information that 
enables incidental learning is badly affected because of reduced 
auditory stimulation and loss of binaural summation, that in turn, 
lead to poor acquisition of terminology, language rule formation, 
and comprehensive orientation about the surrounding [43].

Memory, schooling, and executive performance

Altered language development is not the only negative impact in 
brain due to reduced auditory input, but the general neurocognitive 
functioning is also affected [33,44] as Lower (verbal) IQ scores  

[45-47], and affected complicated verbal working memory task 
[46]. Keeping verbal information while processing unrelated verbal 
information is difficult in SSD patients. Attitude and academic 
performance are negatively impacted due to bad phonological 
processing regarding accuracy and efficacy which is clearly noticed 
with unusual verbal information [48,49]. Beside the struggles at 
school that lead to repeating a grade that reach up 35% of SSD, 
the social and emotional problems are also considered [48,50]. So, 
proper handling of management and providing perfect listening 
condition as in classroom should be considered.

Objectives 
The objective of this thesis is to evaluate cochlear implantation 

as an effective modality in treatment of single sided deafness in 
both children and adults, and its impact on sound localization, 
speech perception, and tinnitus.

Method
A search in PubMed was done to collect studies of single sided 

deafness, unilateral cochlear implant, and tinnitus during the last 
two years. A case study, paper in languages other than English and 
animal studies were excluded. The search using SSD and unilateral 
CI results in 23 papers. The search using SSD and tinnitus results 
in 10 papers. Three repeated papers and one paper for case study 
were excluded. So, the net result was 29 papers. Using Boolean 
operators, the keywords used were Single Sided Deafness and 
unilateral cochlear implant and single sided deafness and tinnitus.

Results 
Cochlear implant as treatment for SSD

In the past, SSD were not considered as a big issue to deal with, 
as there was a wrong belief that the good ear would compensate 
and overcome the deficit, so, there was no motivation or interest 
to manage it by any available treatment option as providing  
contralateral routing of signal (CROS) hearing aids, bone conduction 
devices (BCD), or preferential classroom seating for children. The 
CROS aid system works by routing the signals by a microphone worn 
on the affected ear to a receiver on the better ear, so, it bypasses 
the loss of head shadow. The CROS aid system does not provide the 
user with true binaural hearing, at the same time it is not tolerated 
well by the user and show impaired user satisfaction [5,6]. BCDs 
work by stimulating a single auditory pathway of the better ear 
by vibrating the skull. They give the advantage of improvement 
in speech perception in noise, but they did offer proper sound 
localization [51,52]. The binaural stimulation of the auditory system 
can be achieved by different ways as (bilateral cochlear implant 
[CI], binaural amplification, normal acoustic hearing, and binaural 
bimodal amplification). The binaural stimulation has several 
advantages as improvements in detecting sound localization, better 
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understanding and identification of  speech in noise, enhance music 
estimation, better pitch and melody recognition, and improvements 
in quality of life [53-59]. In addition, the benefit of binaural bimodal 
stimulation was the same benefit of binaural listening achieved in 
those patients with bilateral acoustic hearing or bilateral electric 
hearing [60,61]. Unfortunately, severe deterioration of the central 
auditory processing strategies and impair auditory function 
and quality of life could be resulted from unilateral loss, so, all 
comprehensive clinic evidence and studies highly recommend the 
effectiveness and importance to restore binaural stimulation and 
hearing.

It was thought that the auditory central processing cannot 
compensate between the acoustic and auditory signals until 2008 
when van de Heyning et al introduce CI as a treatment for controlling 
the tinnitus. The results demonstrated decreased tinnitus effect 
[62]. The effects of CI on binaural hearing were studied by 
Vermeire and Van de Heyning in 2009 which demonstrated marked 
improvement for head shadow effect, moreover the binaural 
squelch and summation effects were improved by the same degree. 
Subjective marked improvement by assessing speech, spatial, 
and quality of hearing scale (SSQ) was obtained with CI over SSD 
condition [63]. Objective results comparing CROS aids, BCDs, and 
CI demonstrated the superiority of the results of CI regarding 
better speech perception in noise in all cases when compared 
with unaided when the SNR favored the affected ear as in patients 
who received CI, they respond much better on speech perception 
testing than in  CROS or BCD cases when the affected ear received 
the poorer SNR [18]. SSD patients who received CI, either children 
or adults, demonstrated better speech understanding in the aided 
ear but scores over the unaided SSD were markedly improved 
even in competing listening situations, as roving speech in noise 
and multidirectional noise [64,65]. Studies also stated that the 
performance of the normal hearing ear was not affected at all by 
CI in the affected ear, eliminating the theory of conflicting normal 
acoustic ear and fully electrically stimulated one [18,66,-68].

The effect of cochlear implants on sound localization

Assessing sound localization provided by CI as treatment 
modality for SSD was studied by Arndt et al. who compared the 
accuracy in patients between CROS, BCD, unaided conditions, and 
cochlear implants six months after implantation in a cohort of 11 
patients. The study was done by placing seven loudspeakers at 
intervals of 30 degrees from  -90 degrees to 90 degrees in a frontal 
semicircle 2 m in diameter in a horizontal plane at the patient`s 
head level in a front of the patients, and asked them to determine 
which speaker delivered the sound. Patient with cochlear implant 
demonstrated marked less localization error compared to those 
in unaided condition (p = 0.003), and those with osseointergrated 
implant (p = 0.002), and patients with CROS devices (p = 0.001) 
[18]. Another study by Zeitler et al. who assessed sound localization 

by comparing SSD patients who received CI, normal hearing 
subjects, bilateral CI patients, and unaided SSD, demonstrated that 
all patients with CI showed marked improvement, and they were  
able to localize sound perfectly as patients with bilateral CI. A small 
proportion of patients can localize in the 95th percentile of normal 
hearing [64]. Firszt et al. [67]; assessed localization by using 
monosyllabic words delivered randomly from a 15-loudspeaker 
arranged in an arc, 10 degrees apart, with 10 active and 5 
inactive speakers at a roved 60 dB SPL (±3 dB) level. The patient 
was positioned 3 ft in front of the central loudspeaker and ten 
words were presented from each of the active loudspeakers. the 
patient was asked to only identify the speaker location for each 
presentation. The results were stated that seven adult’s patient 
receiving cochlear implantation out of ten showed improvement in 
sound localization in bimodal condition compared with hearing aid 
only. Cardieux et al. [28]; investigated five patients with SSD who 
received a cochlear implant and showed a marked improvement in 
bimodal scores in three patients compared with those in HA-only.

The effect of cochlear implants on speech perception 
improvement

Arndt et al. [18] studied speech perception using three 
conditions and compared CROS and bone-anchored hearing aid 
(BAHA) device recipients. The test was done in a sound treated 
room via 2 of 3 loudspeakers, at angle of +450, 00, and -450 1 
m away from the patient’s head. The sound delivering setups 
S00N00, S+450N-450, and S-450N+450 were used in background 
noise. Speech comprehension in noise was evaluated by using 
the Hochmair-Schulz-Moser (HSM) sentence test [69] and the 
Oldenburg sentence test (OLSA) [70,71]. Regarding the patient’s 
deaf ear, the patterns to deliver sound and speech were S0N0 
(speech and noise from the front), Snh Nssd (speech from the 
normal hearing side/noise from the unilateral deaf side), and 
Sssd Nnh (speech from unilateral deaf side/noise from normal 
hearing side). Speech and background noise were delivered at 65 
dB SPL with signal-to-noise ratio (SNR) of 0 dB using the HSM test. 
The percentage of correct words detected was calculated as an 
estimation of speech comprehension. The results confirmed that 
significant improvement in speech perception in patient received 
CI in the Snh/Nssd and Sssd/Nnh configurations compared to those 
with CROS (p 1⁄4 0.031 and p 1⁄4 0.03) or osseointegrated implant 
devices (p 1⁄4 0.023 and p 1⁄4 0.001). The only configuration 
where CI was significantly superior to an unaided condition was 
Sssd /Nnh (p 1⁄4 0.001). There was no significant difference in 
improvement between the groups when the noise was directed 
head-on.

Firszt et al. [67] studied 10 patients with asymmetric hearing 
loss (7 post lingually and 3 prelingually), used materials and 
conditions that simulates real-life listening situations, avoid ceiling 
and floor effects. Both quiet and background noise conditions 
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were used to measure the word and sentence, by either fixed 
or adaptive noise. Consonant-vowel nucleus-consonant (CNC) 
monosyllabic words [72] were delivered at 60 dB SPL. Hearing in 
noise test (HINT) sentences and TIMIT sentences [10,67,73,74] 
were delivered at 60 dB SPL at a +8 dB signal to noise ratio (SNR) 
using four-talker babble. The sentences and noise were delivered 
from the same loudspeaker away 3 ft in front of the listener. The 
TIMIT sentences were also delivered in quiet at 50 dB SPL. The 
HINT sentences are four to six words in length, and have been used 
with CI user, by a male talker. The TIMIT sentences range from four 
to eight words, male and female talkers are included, a variety of 
regional dialects, and multiple speaking rates. The TIMIT sentences 
are more difficult comparing with the HINT sentences, as well as 
more representative of real-life listening situations because of 
the variety of speakers and lack of predictability. Firszt et al. [67] 
showed a marked improvement in speech perception in the only CI-
only condition at the six-months interval as follow: Hearing in Noise 
Test (HINT), p ≤ 0.001; TIMIT in noise, p ≤ 0.01: TIMIT in quiet, p ≤ 
0.001, and Constant-Vowel Nucleus-constant (CNC), p ≤ 0.001. The 
bimodal condition demonstrated a marked improved performance 
only in TIMIT sentences in quiet places (p ≤ 0.05). One of the three 
pre-lingual patients had open-set speech recognition with the CI. 

Távora-Vieira et al. [75] investigated twenty-eight patients 
(15 women and 13 men) with unilateral sensorineural severe-to-
profound hearing loss were included in this study. 

Thirteen of them had tinnitus. The adaptive Bamford-Kowal-
Bench speech-in-noise (BKB-SIN) test [76], which evaluates 
the signal-to-noise ratio required to get a score of 50% of the 
words correct was used to evaluate speech perception. Tests 
were done in a free field, with the patient seated 1 m away from 
loudspeakers located at angles of 0, -90, and +90 degrees. The 
spatial configurations used for speech testing were S0/N0, speech 
and noise delivered from the front; S0/NHE, speech delivered 
from the front and noise to the normal-hearing ear; and SCI/NHE, 
speech delivered to the implanted ear and noise to the side of the 
normal-hearing ear. The spatial configuration SCI/NHE was chosen 
for the most challenging situation as clinically determined by the 
patient. The results confirmed marked improvement in speech 
perception in noise scores when speech and noise delivered from 
the front and in the following order: S0/NHE (p = 0.003) and Sci/
NHE (p < 0.001). The speech perception improved in the SCI/NHE 
agreed with the results founded by Arndt et al. [11]. There was no 
correlation between age at implantation and the duration of the 
deafness [75].

The effect of cochlear implant on tinnitus 

A perception of sound with no external sound source is 
defined as a tinnitus. The pathophysiology of tinnitus is not yet 
clearly understood [41]. Several theories suppose central nervous 

system origin resulted from suboptimal or maladaptive plasticity 
, leading to reorganization and hyperactivity in central auditory 
and nonauditory structures as result of  a peripheral lesion of the 
cochlear hair cells [41,77- 81] so, cochlear implantation as an option 
to regain hearing could affect tinnitus perception. The advantage 
cochlear implant not limited only to restore hearing, but it also 
provides a treatment option for tinnitus as confirmed from data of 
a systematic review which confirmed its positive impact on tinnitus 
perception when applied to treat patients with bilateral hearing 
loss regarding the Tinnitus Handicap Inventory (THI), tinnitus 
loudness, and annoyance [82]. Van de Heyning et al. [62] were the 
first to do a trial of fitting CI as a treatment of tinnitus in patients 
with SSD of post lingual onset. This and the following studies 
confirmed the positive impact and efficacy of CI in treating tinnitus 
in SSD [62,83]. The results obtained confirmed improvement of 
speech in noise and sound localization after CI [84].

The most widely used questionnaires among different 
questionnaires used to evaluate the tinnitus either exclusively or 
in combination were the THI [85]and the visual analog scale (VAS) 
[86]. The Tinnitus Handicap Inventory (THI) was graded according 
to the following scores: slight (0-16), mild (18-36), moderate (38-
56), severe (58- 76), and catastrophic (78-100). The subjective 
tinnitus perception levels are measured by The VAS by instructing 
the patients to make a sign on a line of about 10 cm. the left end 
indicate ‘‘quiet’’ and the right end indicate ‘‘very loud”. The distance 
from the left end to the marked point indicate the subjective level 
of the tinnitus [87,88]. A numeric scale from 0 to 10 in some 
studies but evaluated as VAS. Many characters of tinnitus including 
loudness, awareness, annoyance, degree of disability, stress, mood, 
and ability to influence the tinnitus can be also evaluated by VAS 
[18,83,89-92].

Effect of tinnitus on auditory perception

Most of patients with single sided deafness (54%–84%) 
suffering from severe tinnitus, which can badly affect their life 
quality [93,94]. The ability of CI as a treatment option of SSD patient 
with tinnitus and reduction of tinnitus severity was confirmed by 
Van de Heyning et al. [62]. In a study by Liu et al. [95] 14 out of 
26 SSD patients (54%) had tinnitus, and when noise was delivered 
to the front or to the deaf ear of SSD associated with tinnitus, the 
performance was poorer than others with SSD without tinnitus. 
The same results were obtained by Mertens et al. [96]. A 2.4 dB 
was recorded when noise directed to the affected ear as biggest 
difference, and a 0.7 dB was recorded when the noise directed to 
NH ear as the smallest result. The spatial condition has a role in 
poor performance resulted from tinnitus. The relationship between 
the impact of severity of the tinnitus and speech recognition at 
spatial conditions (S0N0, S0ndeaf) was confirmed. Poor sound 
localization was affected by severity of the tinnitus measured by 
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either THI (p ¼ .005) or VAS (p ¼ .003) [95]. There is a difference 
in performance between SSD patients with tinnitus (RMSE 50.5) 
which was poorer than SSD patients with no tinnitus (RMSE 38.8). 
Decreasing tinnitus severity as an outcome of CI was confirmed 
by most of the studies [27,62], Liu et al. [95] suggested that CI 
has positive impact on sound localization and decreasing tinnitus 
which helps in improving speech recognition. 

In a study by  Van de Heyning et al. [62] who was the first used 
cochlear implant as treatment of tinnitus- including twenty two 
patient in the cohort had tinnitus demonstrated that suppression 
of the tinnitus was obtained in three patients, improvement in 
18  and one with no response. Távora-Viera et al. [75] showed a 
marked reduction of the disturbance resulted from the tinnitus (p 
= 0.011), using Tinnitus Reaction Questionnaire (TRQ). Ramos et 
at., (2012) who studied ten patients showed suppression of tinnitus 
in two patients, decreased tinnitus severity in seven patients, and 
no change in one patient after cochlear implant. A fall from 72.1% 
preoperatively to 14.3% in the tinnitus retaining therapy (TRT) at 
three months post implantation. The VAS reported a reduction from 
7.9 points before surgery to 2.7 points at 3 months post implant. 

Punte et al. [97] reported relief of tinnitus in patients with single 
sided deafness post cochlear implant. A drop in the average VAS 
to 4.36 (SD =1.31) (p = 0.027) to 4.36 (SD =1.31) (p = 0.027) at 
three months later from CI activation, and to 3.5 points (p = 0.042) 
at six months later. A drop (from 60.0 to 39.4) (p = 0.041) of the 
total score by tinnitus questionnaire evaluation (TQ). Mertens et al., 
(2013) compared the impact of CI on loudness of the tinnitus when 
the device is on and off condition, and showed significant decrease 
of tinnitus loudness as the score of VAS dropped to 3.4 (SD =2.5) 
when the device was on, from 7.2 (SD = 2.6) when it was off (p < 
0.01), in addition to improvement in speech reception threshold 
(SRT) in on condition (p < 0.01). Arndt et al., (2011) showed that 
median intensity severity reduced markedly in the VAS score (from 
10 to 5) when the cochlear implant was on (p = 0.0078) after six 
months of the implant. Five patient reported absolute suppression 
of the tinnitus with activated speech processor. In a systemic review 
by Nicole et al., (2019), table 1, reported that cochlear implantation 
is a good modality of treatment of tinnitus in SSD patients, as the 
obtained results of about 90% of counseled patients with SSD and 
severe tinnitus confirmed improvement of tinnitus after CI.

Table 1: Complete Overview of the Study Characteristics.

Study Sample size
No. with 

Preoperative 
Tinnitus

Follow-up, 
mo

No. of 
Patients in 
Follow-up

Male Female Age, Mean 
(SD), y

Implant 
Type Questionnaire(s)

Távora-
Vieira et al. 28 13 24 28 15 13 53.8 (11.6) MED-EL TRQ

Seo et al. 16 16 6 16 10 6 51.9 (13.7) MED-EL THI/VAS

Ramos et al. 10 10 3 10 4 6 42.7 (NE) Cochlear THI (Spanish)/VAS

Punte et al. 26 26 24 26 NE NE NE MED-EL VAS/TQ

Holder et al. 12 12 12 8 10 2 51.6 (15.5) Cochlear/
MED-EL THI

Buechner 
et al. 5 5 10 5 NE NE 50.0 (5.2) Advanced 

Bionics VAS

Arndt et al. 11 10 6 11 NE NE 43.5 (11.9) Cochlear VAS

Dillon et al. 20 20 12 20 NE NE 50.0 (11.5) MED-EL THI

Härkönen 
et al. 7 6 28 6 2 5 48.0 (NE) Cochlear VAS

Kitoh et al. 5 5 12 5 1 4 52.2 (18.5) MED-EL THI

Discussion
The conventional treatment of single sided deafness was 

routing of sound to other normal hearing ear and osseointegrated 
implants. Both of them offer advantages regarding head shadow 
effect but have no advantage to squelch and summation effects (i.e. 
psychoacoustic information to deaf side) which are mandatory to 
improve speech perception in noise. The cochlear implant is the 
only treatment modality that offers bilateral listening that improve 
recognition in noise and sound localization. Several studies (Arndt 
et al., 2011; Firszt et al., 2012) confirmed statistically the positive 
impact on sound localization in bimodal condition than unaided 

or CROS/osseointergrated conditions. Other studies [11,28,63,67] 
confirmed speech perception improvement. Two of them [18,75] 
confirmed that the speech understanding was markedly improved 
in most difficult situations when sound is delivered at cochlear 
implant side and noise at normal hearing ear. Studies by Vlastarakos 
et al. [98] and Van Zon et al. [99] confirmed better speech perception 
in SSD patients receiving CI. One study by Távora Vieira et al. [75] 
reported statistically better performance with a configuration with 
sound and noise introduced to the patient`s front (S0/N0). High 
satisfaction was reported between adults who received CI. In 19 
patients who choose CI for treatment of their post lingual onset of 
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SSD Finke et al. [100] studied the reason for that choice and stated 
four reasons: 

a)	 Poor sound localization, that affect their safety in traffic.

b)	 To get rid of and end their suffering from tinnitus and 
noise sensitivity.

c)	 To look for better life quality, and 

d)	 Reduce their anxiety to lose hearing in the second ear. 

All patients confirmed that choosing CI as a treatment option 
was correct and satisfactory. The benefit of CI after one year 
of insertion was investigated in ten patients who developed 
SSD post lingually by Louza et al. [101] who confirmed marked 
improvements of speech intelligibility, spatial hearing, and basic 
sound perception. Hansen et al. [102] studied the benefit of CI 
in patients who developed SSD post lingually an improvement in 
word scores by 28%, and in sentences scores by 40% when he did 
comparison between pre-implantation unilateral free-field audio 
stimulation to electrical CI stimulation 6 months post-implantation, 
with most of patients stated that they have significant improvement 
regarding speech perception in the CI ear. In 2008, Van de Heyning 
confirmed the effectiveness of CI as a treatment of tinnitus in patient 
with SSD when the other modalities as retraining therapy, sound 
therapy or drugs failed to control the tinnitus [11,62,75,96,97]. 
The efficacy of CI to control tinnitus can be explained as result of 
habituation, acoustic masking, direct stimulation of the cochlear 
nerve and organization of cortical pathways [103]. Five studies 
confirmed statistically marked reductions of the symptom as 
a relief or suppression [18,62,75,96,97]. Hassepass et al. [104] 
studied acquired SSD treated with CI. Post lingually deafened two 
children (10 and 11 yrs.) were studied and showed better speech 
recognition in noise if the speech presented to the CI ear and noise 
to the NH ear and better sound localization at 6- and 12-months 
post-implantation. Results from the speech, spatial and qualities 
of hearing scale confirmed better hearing ability in daily listening 
situations in a period of 12 months post implantation.

Arndt et al. [104] later studied the effect of CI in children with 
SSD of various onset. Speech recognition, localization and subjective 
benefit at 12 months post implantation were recorded in nine 
patients who had post lingually SSD, and the devices were used all 
time. Two contrasting results were reported from two children who 
had prelingually SSD: one reported well performance, and the other 
showed minimal benefit. Markedly poorer results were reported in 
two children in sentence orientation and understanding in noisy 
places when the signal was delivered to the good ear and noise 
to the CI ear, in comparison to preimplantation. But, if the signal 
and noise were delivered from the front, and when the signal was 
delivered to the CI ear and noise to good ear the performance was 
the same [105-110]. One child stopped using the device and showed 

non improving sound localization. Data of Tavora-Vieira and Rajan 
showed Binaural integration was confirmed clinically as willing 
and ability to wear the CI all the time and responses to sounds was 
obtained in one child with SSD of congenital onset who received CI 
at 21 months old [111-115]. Tavora-Vieira and Rajan showed data 
after 36-month follow up; the child had an optimum score on a free 
field speech perception test with masking the normal hearing ear 
with speech noise and could lateralize sounds when presented at 
-900 and 900 perfectly [116-118]. 

Conclusion
Single sided deafness has its negative impact on spatial hearing 

characterized by impaired sound localization and speech perception 
in addition to tinnitus. Conventional treatment by rerouting signals 
to normal hearing side does not offer binaural hearing, and only 
reduces the negative effect of head shadow and improves hearing 
in noise when the signal of interest is delivered at the deaf ear. The 
cochlear implant is the only modality of treatment that offers the 
potential to restore binaural hearing in adult and children with 
SSD. Results from studies and satisfaction questionnaire confirmed 
the superiority of CI and significant performance improvement 
regarding sound localization, speech perception and marked 
tinnitus improvement.
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