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Introduction
High-frequency sounds are crucial for communicating 
the semantic aspects of speech, such as plurals and 
possessives. Most conventional hearing aid users have 
access to   low-frequency information; however, they may 
have limited access to high frequencies, which leads to 
missing out on high-frequency speech consonants and 
thus a signifi cant impact on speech understanding, 
especially in the presence of background noise [1]. In 
previous studies, it has been demonstrated that high-
frequency hearing sensitivity declines with age even 
in the absence of specifi c pathology [2]. Sensorineural 
hearing impairment is usually associated with damage 
to the outer hair cells in the cochlea; sometimes the inner 
hair cells can be damaged in certain frequency-specifi c 
regions in the cochlea [dead regions (DRs)], which can 
be defi ned by the range of characteristic frequencies 
of the inner hair cells and the neurons adjacent to 
the DR. Th is region cannot be detected by a typical 

audiogram, but it can be diagnosed by using methods 
involving psychophysical tuning curves and threshold 
equalizing noise testing. Th e treatment of patients 
with DRs related hearing impairement depends on 
which frequencies are eff ected as using hearing aids 
with suitable amplifi cation is suitable for those with 
low-frequency hearing loss. For high-frequency DRs, 
hearing aids with frequency transposition (FT) or 
frequency compression (FC) can be used [3].

Most people with sloping hearing losses and 
having high-frequency thresholds of about 70 dB 
and above are unable to extract information from 
high-frequency parts of the speech. Hearing ability 
deteriorates if these people are provided with hearing 
aids that amplify speech frequency range as it leads to 
reduction in the ability of those individuals to recover 
useful information from high-frequency parts of the 
speech signal [2]. One of the solutions to overcome 

 Comparison between frequency transposition  and frequency 
compression hearing aids
Mohammed Alnahwi, Zeinab A. AlQudehy

Background
High-frequency hearing loss is one of the challenges for accurate hearing. One method of 
ampli  cation toward improved detection and discrimination of high frequencies is through 
lowering of high frequencies to a   lower-frequency hearing region. Frequency compression 
(FC) or frequency transposition (FT) can be used for individuals with different con  gurations 
of hearing impairment, such as steeply sloping and high-frequency hearing loss (containing 
high-frequency dead regions).
Objective
The purpose of this review was to compare the effects of FC and FT on the speech recognition 
abilities of people with hearing impairment.
Patients and methods
This study is a systematic review of previous investigations carried out to test the ef  cacy of 
  frequency-lowering algorithms (i.e. FC or FT) in improving the detection of high frequencies. 
The concept of FC and FT depends on enhancement of speech recognition in patients 
suffering from high-frequency hearing loss. In this review, compression shifting and frequency 
transposition were compared on the basis of improvements in the audibility of high frequency 
sound to improve the outstanding and acceptance level of speech.
Conclusion
It can be concluded from this review that both FC and FT are useful in people with high-
frequency hearing loss. FC has a potential role in recognition of monosyllabic words, 
consonants, and sentences in the presence of background noise. In contrast, FT facilitates 
detection of fricatives that ultimately leads to improvement in the discrimination of consonants. 
Throughout the literature, only one study has compared both FT and FC using various speech 
tests to evaluate the performance of different hearing instruments. Therefore, further studies 
addressing the bene  ts of both modalities of hearing aids with a more standardized outcome 
measure for both adult and  pediatric patients are required.

Keywords:
ampli  cation device, frequency compression, frequency transposition, hearing aids, hearing 
devices, speech perception, speech recognition test

Egypt J Otolaryngol 31:10–18 
© 2015 The Egyptian Oto - Rhino - Laryngological Society 
1012-5574

Department of Audiology, Dammam Medical 
Complex, Dammam, Eastern Province, Saudi 
Arabia

Correspondence to Zeinab A. AlQudehy, 
MBBS, Dhahran, 31311 Saudi Aramco, PO Box 
508, Saudi Arabia
Tel: 00966504804838; fax: 0966138901950
E-mail: drzeinabent@gmail.com

Received 25 September 2014
Accepted 20 November 2014

The Egyptian Journal of Otolaryngology
2015, 31:10–18



FT and FC hearing aids Alnahwi and AlQudehy 11

this problem is bringing down the high-FCs of the 
speech to lower-frequency regions where the person is 
more able to analyze sounds. Th ere are two methods 
of lowering the frequency of high-frequency signals: 
FT and FC.

Th e basic principle of FT involves transferring the 
high-frequency sound to   lower frequency by adding 
the processed signal (transposed) to unprocessed 
signal in the lower frequency [2]. A number of 
techniques are available for FT. Th e fi rst technique 
was used in a commercial hearing aid (Oticon  TP72, 
UK) that consists of two channels: frequencies below 
3 kHz were amplifi ed as in a conventional device, and 
high frequencies within 4–8 kHz were converted into 
low-frequency noise below 1.5 kHz by a nonlinear 
modulator [4]. Inability to preserve the spectral shape 
of the incoming signal is the main drawback of this 
technique [4]. Th e second transposing technique 
divides the incoming signal into low and high pass 
bands, with crossover at a frequency of 4 kHz. Th e 
incoming information from the high pass band is 
subtracted by 4 kHz from each frequency and then 
mixed with the low pass frequency band. However, 
these transposition schemes can preserve some but not 
all of the information of the high-frequency spectral 
shape. Th ese schemes have been developed by Velmans 
and Marcuson [5] in the frequency RE cording device. 
More recently, a transposing speech vocoder has been 
developed to shift down the speech cues, such as level, 
pitch, and tone. In this method, speech is fi ltered 
into a bank of adjacent narrow bands and the level 
within each band is detected [6]. Th e transposing 
speech vocoder works on the principle of using levels 
detected from high-frequency bands to modulate 
low-frequency bands of noise or low-frequency tones 
(Fig. 1). Th e transposition algorithm is a method of 
 minimizing the problem of overlapping spectra and 
was discovered by Robinson et al. [7], who estimated 
the edge of the DR to decide the starting point of 
the transposition. Low-FCs were amplifi ed to ensure 
that sound remained unaff ected by transposition. 
Transposition was applied only if signifi cantly high-
frequency sound components were present for the DR 
band to just above the edge of the DR and overlapped 
with the speech that has been low pass fi ltered. Th e 
latest technique for transposition used the audiogram 
to determine the point of starting frequency for 
transposition. Th e start frequency for each patient was 
calculated individually with the sloping hearing loss 
greater than 10 dB/octave (within frequencies from 
0.5–4 kHz). Th e baseline performance was measured 
above the frequency of 1.6 kHz and above the 70 
dB threshold. Th e frequencies below the starting 
frequency are amplifi ed without transposition. One 
octave above the starting DR frequency was analyzed 

by narrow range hearing aid with the highest intensity 
being transposed linearly and overlapped above the 
starting frequency. Th is technique was applied in the 
transposing device (Widex Inteos, Denemark), which 
determines the effi  cacy of the audibility extender 
 program [8,9]. Th e transposition processing usually 
does not aff ect the low-frequency information. As a 
result, it could produce more natural sound quality 
and preserve a harmonic relationship between FCs for 
the high-frequency-transposed region [10]. However, 
the disadvantage of this processing is the overlap 
between the transposed high-frequency information 
and the lower frequency. Moreover, unconditional 
transposition could add high-frequency noise and 
mask the useful low-frequency information. As a result, 
many new approaches attempt to avoid this problem 
by using the conditional transposition (transposition 
active when the input signals mostly consist of high-
frequency information).

Th e basic technique of FC is decreasing the bandwidth 
for the output signals. Furthermore, it can be linear 
(also known as proportional shifting) or nonlinear 
(nonproportional shifting). Th e linear frequency 
shifting brings down all energy peaks (frequencies) 
to lower frequencies by a compression factor. For 
example, if the FC ratio is 2, then sounds at 6000 
Hz will be shifted to 3000 Hz and those at 3000 Hz 
will be shifted to 1500 Hz and so on. Th is method 
will preserve the spectral shape information for the 
frequency component. In this method the constant 
ratio can off er a constant relationship between 
frequency component peaks and the important cues 

Represents the structure of input and output of the speech signal in 
vocoder stimulation. Source: McDermott, Dorkos, Dean and Ching, 
1999.

Figure 1
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for recognition of the vowels in speech [11]. However, 
the drawback of this method is that it provides an 
unnatural sound quality due to low pitch of speech. For 
instance, a female voice will be more like a male voice. 
Th is method is not used in commercial hearing aid 
devices because of unnatural sound quality. Nonlinear 
FC decreases the bandwidth for the input speech 
signals (Fig. 2) by increasing the amount of   frequency 
lowering for high frequencies [12]. Th e advantage of 
these schemes is that they avoid the overlap between 
the high and mid frequencies (shifted and unshifted 
signals). However, the harmonic ratio for the high 
frequencies is compressed and will not be preserved. 
Th erefore, speech perception may be aff ected when 
the cutoff  frequency of compression is moved to lower 
frequencies. Th e current commercial device, which 
incorporates nonlinear FC, is Phonak Naida (Sonava 
Group, Switzerland).

Th is study reviews published papers to compare the 
diff erent methods of FC and FT by  analyzing the 
improvement seen on speech tests in patients with 
high-frequency hearing loss.

Research rationale, aims, and objectives
A number of studies have been conducted to determine 
the eff ectiveness of hearing aids incorporated with 
diff erent frequency-lowering algorithms. With 
the development of a range of frequency-lowering 
techniques, researchers have conducted a number of 
experiments to test the effi  ciency of hearing instruments 
installed with diff erent frequency-lowering algorithms. 
We conducted this systemic review to ascertain the 
adequacy, effi  ciency, and eff ectiveness of the most 
eff ective hearing aid algorithms for people with high-
frequency hearing impairment, and compared the 
eff ectiveness of FC and FT in hearing aids by assessing 
the performance of patients with high-frequency 
hearing loss in speech tests by reviewing previous 
research fi ndings. Th e fi ndings of this study can be 
used as a secondary data source or as reference in other 
similar studies.

To meet our objective, we focused on the following 
research questions:

(1) What are FC and FT?
(2) How do these methods improve the speech 

recognition performance of individuals with high-
frequency hearing impairment?

(3) Is there any diff erence between these methods 
(FC/FT) in improving speech perception in 
individuals with high-frequency hearing loss, if 
studied before in the literature?

Patients and methods
A comprehensive systematic review was conducted and was 
based on an open, preidentifi ed, and reproducible method. 
Th e search was conducted at the  Centre for Reviews and 
Dissemination, University of York (2008), and started with 
‘Database of Abstracts of Reviews of Eff ects ( DARE) and 
the Cochrane Database of Systematic Reviews ( CDSR)’ 
(University of York, 2008). In each study, the main points 
were discovered, assessed, and  summarized. Collectively, all 
of the selected studies were put together and a generalized 
conclusion after analysis was fi nalized. According to the 
Centre for Reviews and Dissemination ( CRD, University 
of York, 2008), it is important to determine the  PICO 
elements for any systematic review. PICO stands for 
Participants/population, Interventions, Comparators 
and Outcomes. A PICO structure was used to frame 
the objective questions and to ensure that the researcher 
obtained the maximum studies related to the primary 
study by using two or more search terms in one of the four 
parameters [13] as demonstrated in Tables 1 and 2.

Study selection and data sources
Th e research method adopted in this study is the 
systematic review of existing literature on related 

 Table 1 PICO of the study (University of York, 2008)

Population Individuals with hearing impairment especially 
high-frequency hearing loss

Interventions Devices with frequency-lowering algorithms 
(frequency compression)

Comparators Frequency lowering — conventional hearing aids

Frequency lowering with and without training

Outcomes Speech recognition performance of subjects

PICO, Participants/population, Interventions, Comparators and 
Outcomes.

Schematic representations of different methods of the frequency 
transposition and frequency compression (Simpson A, 2009).

Figure 2
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topics. Selected studies were based on qualitative 
research methodology. Data were collected from 
the following databases: Medline,  OVID,  PubMed, 
Embase,  CINAHL, and ScienceDirect. Th e search 
used the following keywords:

(1) Amplifi cation device
(2) Frequency compression
(3) Frequency transposition
(4) Speech recognition test
(5) Hearing devices
(6) Hearing aids
(7) Speech perception

Th ese keywords were used as subject headings in 
the databases. Special focus was directed toward 
amplifi cation devices, FT, and FC as the main keywords. 
Th e number of hits found from the databases for 
amplifi cation device was 53 643 and for FT was 3485 
hits. Th e hits for amplifi cation combined with FC added 
up to 6743 hits. Finally, total of 54384 hits encountered 
from a combination of FT, FC, amplifi cation, and 
speech recognition test. Th e result of all these keywords 
combined with ‘AND’ resulted in a total of 545 hits. 
A number of articles were collected. Th e articles for 
review were selected on the basis of its relevance to 
the topic, research question, and research objectives. 
Articles with a low level of evidence, such as single-case 
studies, anecdotal reports, surveys and expert opinions, 
were excluded from this systemic review.

Th is classifi cation aims to assess the strength of evidence for 
the benefi ts of intervention or treatment, such as hearing 
aids with FT or FC. Data in this study were analyzed 
by means of meta-analysis. Follow-up of references in 
relevant publications was undertaken so that all relevant 
publications were included. Th e studies collected from 
the databases were classifi ed and coded according to the 
topic, techniques used, number of subjects, results, and 
research methods, as shown in Fig. 3. In this review we 
included all nonrandomized studies, prospective cohort 
studies, and  case–controlled series published in English 
language only from 1990 onward. Our study population 
included children and adults with high-frequency hearing 
loss. Th e studies included in our review were those with 
defi nite outcome terms such as speech perception score 
or signifi cant diff erence. Studies on other types of hearing 
loss, such as conductive hearing loss or fl at sensory neural 
hearing loss, were excluded from this review.

Results
Th is section will give a brief description of the included 
studies (Tables 2 and 3). Table 2  summarizes all studies 
addressing FT and Table 3 presents those addressing FC.

Frequency transposition in patients with 
high-frequency hearing loss

Two out of fi ve papers, that is 40%, showed overall 
improvement in speech recognition from FT in 
patients with diff erent degrees of high-frequency 
hearing loss, this improvement was due to training 
given for the device [15,25]. However, in three of fi ve 
(60%) studies no improvement was seen in the speech 
recognition test on using diff erent techniques for the 
transposition hearing aid [6,14,16]. In the study by 
Rees and Velmans [14] an improvement of 8% was 
reported with FT as compared with conventional 
hearing aids and consonant detection score (40%). 
Robinson et al. [17] reported a small improvement 
of 20% in the detection of aff ricates in seven patients. 
However, the overall results showed that there is no 
signifi cant improvement. Kuk et al. [16] showed 
improvement in FT-enhanced fricative detection by 
43%. Th e combined analysis (using pass/fail speech 
score criterion for any score above 60% in patients, 
indicating signifi cant improvement) of these studies 
indicated that FT improved aff ricate detection, 
consonant recognition, and high-frequency fricative 
production in both adults and children suff ering from 
high-frequency and sensorineural hearing loss. For 
instance, 10 children showed signifi cant improvement 
in consonant recognition from 18 to 69% and in vowel 
identifi cation from 56 to 90% after auditory training.

Percentage of patients who bene  ted from frequency transposition 
(FT) and frequency compression (FC).

Figure 3
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Overall bene  t from frequency transposition 
in patients with high-frequency hearing loss
Data were collected from fi ve papers showed that 
17 patients (39%) benefi t from the intervention. 
Th is percentage is for patients in general (adults 
and children). For pediatric age group, the benefi cial 
outcome was achieved in 7 out of 10 children (70%). 
Table 4 illustrates comparative data for FT studies 
(number of patients benefi ted and speech score).

Frequency compression with high-frequency hearing 
loss
Five (71.5%) of the seven patients who underwent 
training on device usage showed improvement from 
FC [19,21–24]. In contrast, two (28.5%) of seven 
papers reported reduced performance for speech 

recognition [18,20McDermottHJ. Frequency-
compression outcomes in listeners with steeply sloping 
audiograms. International Journal of Audiology2006; 
45:619–629.”]. Th e review of FC schemes showed 
overall improvement in the sentence recognition 
ability of patients in the presence of background noise 
and plural recognition, compared with conventional 
hearing aids.

The overall outcome for frequency compression

Forty-fi ve (53%) of 85 patients benefi ted from FC 
compared with the conventional hearing aid. In 
addition, the patients showed greater benefi t when the 
compression ratio was decreased [26]. Patients trained 
on device usage and pediatric patients achieved better 

 Table 2 Summary of literature addressing frequency transposition

References Participants Speech test Training Outcomes

Rees and 
Velmans [14]

8 patients with severe 
to profound SNHL

Nonsense syllables and 
monosyllabic words

No training 8% improvement in consonant 
detection (40% correct identi  cation)

Robinson 
et al. [7]

7 patients with 
high-frequency dead 
regions

VCV and high-frequency phonemes 
/s/ and /z/ detection for consonant 
detection

4 sessions for 2 h 20% improvement in detection for 
affricates; no overall signi  cant 
improvement

Auriemmo 
et al. [15]

10 children with severe to 
profound high-frequency 
HL

Nonsense syllables, conversational 
speech and oral reading passage

6 weeks 51% improvement in group average 
score in consonant recognition from 
18 to 69%, and 33% improvement in 
vowel identi  cation from 56 to 90% 
with training (P < 0.05)

Kuk et al. 
[16]

8 adults with severe to 
profound SNHL

Nonsense syllables test (NST) 2 months 43% improvement in fricative 
detection under both quite and noisy 
conditions (P < 0.05)

Robinson 
et al. [17]

5 adults with high-
frequency dead region

VCV, /s/ detection, and speech 
in noise using questionnaires

4 weeks No signi  cant improvement in 
consonant identi  cation

VCV, vowel–consonant–vowel; SNHL, sensorineural hearing loss.

 Table 3 Summary of literature addressing frequency compression

References Intervention Participants Speech test Training Outcomes

Sakamoto 
et al. [18]

Nonlinear frequency 
compression

5 patients with severe to 
profound SNHL

Sentence recognition test 1–2 weeks 
home training

No statistically signi  cant 
improvement

Simpson 
et al. [19]

Nonlinear frequency 
compression

17 patients with moderate 
to profound HL

Monosyllabic words 4–5 weeks 6% improvement for phoneme 
score for 8 patients

Simpson 
et al. [20]

Nonlinear frequency 
compression

7 patients with steeply 
sloping hearing loss

Monosyllabic words and 
sentences under noisy 
condition

3–4 weeks No improvement over 
conventional hearing aids 
(P = 0.11)

Gifford 
et al. [21]

Digital frequency 
compression (DFC)

6 patients with high-
frequency HL

Monosyllabic words and 
sentences under quite and 
noisy conditions

5 weeks Average improvement of 17% 
in monosyllabic words tests in 
2 of 6 patients, with no bene  ts 
achieved in the other 4 patients

Glista 
et al. [22]

Multichannel 
nonlinear frequency 
compression (NFC) 
signal processing

24 patients (13 adults and 
11 children)

Consonant, plural, and 
vowel recognition. Aided 
detection using Ling-six 
sound

4 weeks 90% correct detection of tasks 
and self-reported preference in 
children vs. 50% in adults

Bohnert 
et al. [23]

Nonlinear frequency 
compression algorithm

11 patients with severe to 
profound SNHL

OLSA (older burger 
sentence test) adaptive 
speech test in noise

4 months 64% improvement in 7 of 11 
patients in comparison with 
conventional hearing aids 
(P = 0.08)

Wolfe 
et al. [24]

Nonlinear frequency 
compression

15 children with moderate 
to severe hearing loss

Nonsense syllables 
speech recognition under 
quite condition and speech 
recognition under noisy 
condition

6 months 15% improvement in group 
average score for speech test 
from 84 to 99%
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speech performance, which was indicated in one paper 
that compared between children and adults with a 
benefi t percentage of 91% [27–30]. Table 5 illustrates 
comparative data for FC studies (number of patients 
benefi ted and speech score).

Comparison outcome between frequency 
transposition and frequency compression
As there was only one study that compared between 
FC and FT [27] and it was a very old review, it 
was not possible to carry out the meta-analysis 
for all 12 studies. Th is leaves a potential gap in the 
methodological references and a question of how 
to compare the outcome between FT and FC when 
there is no recent paper that has conducted a direct 
comparative study between the two. To overcome these 
problems, it is recommended to look at the percentage 
of benefi t from the diff erent speech tests in patients 
with high-frequency hearing loss using amplifi cation 
with transposition and the percentage of benefi t for the 
same conditions using amplifi cation with FC. Figure 
4 demonstrates the percentage of pediatric and adult 
patients showing benefi t from FT and FC and refl ects 
the diff erences between them (39% FT and 53% FC). 
Although the achieved improvement in hearing level 
depends on other factors such as suffi  cient training 
time,  the presence of moderate high-frequency hearing 
loss with normal to mild low frequency and shifting 
the specifi c area (DR) the percentage of benefi t among 
children is greater than that among adults for both 
FT and FC. A high percentage of children using FC 
showed benefi t (91%) compared with children who 
benefi ted from FT (70%).

Summary of the results for the quality of the review
In this systemic review, we used level  III and higher 
evidence, such as prospective cohort studies and case–
controlled series, to review all studies in the literature 
addressing both FT and FC. A slight change was 
allowed in sample size, study design, objective, and 
outcome measures (speech test) across all studies. 
Th is heterogeneity led to inappropriate use of meta-
analysis, which conventionally needs strict similarities 
between the studies for specifi c parameters. As a result, 
the review applies metaethnography of the data and a 
qualitative form to integrate data synthesis [28]. Th e 
fi ndings of each study are tabulated and summarized in 
Tables 2 and 3. Th e relative feature of metaethnography 
is that it provides a general idea of what the evidence 
indicates, without prejudice to the results of each 
primary study. Regarding the inclusion and exclusion 
criteria, the review has a big collection of good-quality 
papers evaluating the performance of the transposition 
and FC and applies data for the knowledge base.

A total 12 studies (level III studies, nonrandomized 

studies, prospective cohort studies, and   case–controlled 

series) met the inclusion criteria. Most of the 12 studies 

were selected according to the inclusion criteria. Th ere 

 Table 4 Comparative data for frequency transposition studies

References Number of 
patients

Patients 
bene  ted

Speech 
score (%)

Rees and Velmans [14] 8 1 40

Robinson et al. [7] 7 2 20

Auriemmo et al. [15] 10 7 69

Kuk et al. [16] 8 4 43

Robinson et al. [17] 5 1 50

Total 38 15

 Table 5 Comparative data for frequency compression studies

References Number 
of patients

Patients bene  ted Speech score

Sakamoto 
et al. [18]

5 0 No improvement

Simpson 
et al. [19]

17 8 Increased by 6%

Simpson 
et al. [20]

7 0 No improvement

Gifford 
et al. [21]

6 2 Increased by 17%

Glista et al. 
[22]

24 Children > adults 
(13 patient)

90% in children, 
50% in adults

Bohnert 
et al. [23]

11 7 Not clearly stated

Wolfe 
et al. [24]

15 Reported 
as average 

improvement (all)

84% for hearing aid 
99% for frequency 
compression

Total 85 45

Summery of the results of frequency transposition and frequency 
compression for adults and children showing improved speech test 
performance.

Figure 4
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were seven papers on FT and fi ve studies on FC. 
Th ere was only one paper that aimed to make a direct 
comparison between FC and FT [27], but it was not 
included in our review as it was using older techniques 
that produced poor natural quality of sound.

Discussion
In theory, shifting frequency hearing aids (such as FT 
and FC) have been reported to compensate the loss of 
audibility due to high-frequency loss (sloping threshold) 
and to lead to improvement in the speech score. When 
the clinician recommends FT or FC devices, they 
should be aware of many factors, such as the frequency 
range, which can support useful auditory information, 
and the sharpness of the sloping audiogram. Th ese 
devices using FT or FC achieve better results with 
patients who have moderate high-frequency hearing 
loss with normal to mild low-frequency hearing as 
compared with patients with profound hearing loss. 
Stelmachowicz et al. [30] reported improvement in 
fricative perception, which is important for children, 
for learning grammatical rules and articulation. Th is 
improvement was higher in patients with moderate 
high-frequency loss under a variety of low pass fi lter 
conditions [29]. In the same study, they found that the 
patient needed to extend the bandwidth up to 9 kHz 
when there was exposure to female or child speakers. 
With the introduction of digital signal processing, a 
number of researchers have tested the effi  cacy of new 
frequency-lowering algorithms, such as FC and FT, 
with careful sample selection and training of patients 
and have reported benefi ts among adults and children 
with hearing loss [8,15]. Th e results of these studies 
indicate benefi ts of using FC or FT-based hearing 
aids, which is consistent with the fi ndings of previous 
researchers. It is evident from the fi ndings that 
children benefi t more than adults because of greater 
neural plasticity. Th e auditory sensations produced by 
these systems are initially unfamiliar when perceived 
by the cochlea. Th e cochlea is not tuned to hear higher 
frequency sounds delivered at lower frequency places 
along the basilar membrane. Th erefore, it is benefi cial 
to provide adaptation or training to users, regardless of 
the type of system used, to help users get acclimatized 
to these devices.

Th e hierarchy of evidence level in Fig. 5 indicates that 
none of the studies directly compared the performance 
of FC and FT. Th erefore, diff erent studies evaluating 
the performance of these schemes separately were 
reviewed and compared on the basis of outcomes. Most 
of the studies were case–control studies. From these 
results, this review shows the diff erent performance 
levels when looking at the individual users. Th ere is no 

doubt that many factors may be relevant in predicting 
better performance for an individual user.

Th is systematic review found statistical improvement 
from FC in 53% (45/85) of adult patients with 
high-frequency hearing loss as compared with 39% 
(15/36) on using FT. Regarding children, overall they 
demonstrated signifi cant improvement of 91% for 
FC and 70% for FT. Providing auditory training to 
patients with a specifi c hearing device is more eff ective 
for speech recognition compared with not providing 
training. Th is is supported by the fi ndings of the study 
conducted by Kuk and colleagues [8,15,21].

Training
Providing auditory training to patients with a prescribed 
hearing device is more eff ective for speech detection as 
compared with not providing training; this is supported 
by the fi ndings of many studies [8,15,18,19]. Th ere are 
two main reasons for that. First, patients adjust to the 
quality of frequency-lowered sounds because it will 
seem unnatural or outlandish at fi rst. Second, patients 
learn to discriminate or detect lowered signals; for 
instance, fricative sounds like /s/ and / / will be fi rst 
perceived as noise or unwanted sound rather than as 
speech.

As mentioned earlier, there are many studies reporting 
benefi t from training with both FC and FT. Posen 
et al. [31] showed suitable performance after 15 h of 
training in a speech test with transposition. Moreover, 
another study compared the performance of nine 
children who had severe high-frequency hearing 
loss with and without training, and reported good 
performance after training in the speech recognition 
test [32]. Th e overall results of training are encouraging. 
However, the training provided in previous studies 

Hierarchy of evidence obtains from the systematic review.

Figure 5
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was in speech tasks used in the specifi c test. Th erefore, 
the improvement could be a result of adapting to 
the specifi c speech task rather than due to shifting 
frequency (FC/FT). McDermott and Dean [33] found 
that no signifi cant improvement with FT and FC on 
patients trained on diff erent tasks. Similarly, Velmans 
[34] and Blamey et al. [35] reported on participants 
trained in articulation with a FT device and the results 
showed improvement in the articulation test but not in 
the speech recognition task. Unfortunately, the patients 
cannot  generalize the training materials and transfer 
the trained skills for other materials spontaneously. 
With regards to previous studies addressing the eff ect 
of training including exposure to the lowered (FC/FT) 
signals with take-home within 10–20 h, compared 
with patients who have a small amount of training 
time. Sweetow and Sabes [36] reported that intensive 
training for speech in general (lowered speech or not) 
can give signifi cant benefi t compared with specifi c 
training for lowered speech.

Our current research is important for clinicians to 
evaluate features of diff erent hearing aids and select 
the most appropriate hearing device for their patients. 
It also provides compiled results of various studies 
on FT and compression conducted to date for future 
researchers and a potential source of secondary data 
and reference for research works aimed to develop 
advanced hearing technologies. Th e results have 
clinical implications in determining the clinical 
effi  cacy of hearing devices on the basis of incorporated 
frequency-lowering features. Th e results of this review 
may be debatable because of certain limitations. 
Th e validity of our study results can be questioned 
as conclusions are derived from a combination of 
disparate studies/randomized controlled trials, having 
widely heterogeneous samples, small sample sizes, 
varied methods for application of the intervention, 
and possible selection and observation bias. Th e 
study suff ers from lack of availability of high-quality 
randomized trials due to incomplete information about 
the patient’s clinical history, hearing characteristics, 
and baseline information about individual hearing 
loss. Also, the study of patients varied largely from 
study to study, as a result of which it is diffi  cult to 
analyze their fi ndings on a common platform and 
may result in bias. In addition, only studies published 
in English were included in the review, as a result of 
which several papers with relevant fi ndings published 
in other languages were excluded. Th ese limitations 
can be overcome by testing these frequency-lowering 
algorithms on a larger sample with minimum variation 
in the type of hearing loss, patient’s age, and experience 
of using the device. More scientifi c databases can be 
searched for a more refi ned search.

More research is required to compare the effi  cacy 
of FC and FT techniques. Th ere is no study in 
this systematic review that directly compares the 
two algorithms. Th erefore, studies that carry out 
comparison between the two techniques in the same 
research with common participants and common 
fi tting strategies are required.

Conclusion
Past literature indicated that both FC and FT are 
useful in people with high-frequency hearing loss. 
Th e fi ndings of past studies have revealed that FC 
has a potential role in the recognition of monosyllabic 
words, consonants, and sentences in noise, whereas FT 
has a role in fricative detection that ultimately leads to 
improved discrimination of consonants, but does not 
negatively aff ect vowel recognition. Only one study has 
compared both FT and FC using various speech tests 
such as the vowel–consonant–vowel test, the nonsense 
syllable test), etc., to evaluate the performance of 
diff erent hearing instruments. Th erefore, further 
studies addressing the benefi ts of both hearing aids 
and standardizing the outcome measure for both adults 
and children are needed.

 Acknowledgements
Con  icts of interest
None declared.

References
 1 Davis A. Hearing in adults. London: Whurr; 1995.

 2 Dillon H. Hearing aids. Sydney, Australia: Boomerang Press; 2001.

 3  Moore BC. Dead regions in the cochlea: diagnosis, perceptual 
consequences, and implications for the  tting of hearing aids. Trends 
Amplif 2001; 5:1–34.

 4 Johansson, B. A new coding ampli  er system for the severely hard of 
hearing. Proceedings of the 3rd International Congress on Acoustics, 
Stuttgart; 1961. pp. 655–657.

 5 Velmans M, Marcuson M. The acceptability of spectrum-preserving and 
spectrum-destroying transposition to severely hearing-impaired listeners. 
Br J Audiol 1983; 17:17–26.

 6 McDermott HJ, Dorkos VP, Dean MR, Ching TY. Improvements in speech 
perception with use of the AVR TranSonic frequency-transposing hearing 
aid. J Speech Lang Hear Res 1999; 42:1323–1335.

 7  Robinson JD,  Baer T,  Moore BC. Using transposition to improve 
consonant discrimination and detection for listeners with severe high-
frequency hearing loss. Int J Audiol 2007; 46:293–308.

 8 Kuk F. Critical factors in ensuring ef  cacy of frequency transposition. 
Part 1: Individualizing the start frequency. Hear Rev 2007; 14:60–67.

 9 Kuk F, Peeters H, Keenan D, Lau C. Use of frequency transposition in a 
thin-tube open-ear  tting. Hear J 2007; 60:59–63.

10 Simpson A. Frequency-lowering devices for managing high-frequency 
hearing loss: a review. Trends Amplif 2009; 13:87–106.

11  Nearey TM. Static, dynamic, and relational properties in vowel perception. 
J Acoust Soc Am 1989; 85:2088–2113.

12 Sekimoto S, Saito S. Nonlinear frequency compression speech processing 
based on the PAR-COR analysis-synthesis technique. Ann Bull Res Inst 
Logaoedics Phoniatr 1980; 14:65–72.



18 The Egyptian Journal of Otolaryngology 

13 Shekelle PG, Woolf SH, Eccles M, Grimshaw J. Developing clinical 
guidelines. Western J Med 1999; 170:348–351.

14 Rees R, Velmans M. The effect of frequency transposition on the untrained 
auditory discrimination of congenitally deaf children. Br J Audiol 1993; 27: 
53–60.

15 Auriemmo J, Kuk F, Lau C, Marshall S, Thiele N, Pikora M, et al. Effect 
of linear frequency transposition on speech recognition and production of 
school-age children. J Am Acad Audiol 2009; 20:289–305.

16  Kuk F,  Keenan D,  Korhonen P,  Lau CC. Ef  cacy of linear frequency 
transposition on consonant identi  cation in quiet and in noise. J Am Acad 
Audiol 2009; 20:465–479.

17  Robinson JD,  Stainsby TH,  Baer T,  Moore BC. Evaluation of a frequency 
transposition algorithm using wearable hearing aids. Int J Audiol 2009; 48: 
384–393.

18 Sakamoto S, Goto K, Tateno M, Kaga K. Frequency compression hearing 
aid for severe-to-profound hearing impairments. Auris Nasus Larynx 2000; 
27:327–334.

19 Simpson A, Hersbach AA, McDermott HJ. Improvements in speech 
perception with an experimental nonlinear frequency compression hearing 
device. Int J Audiol 2005; 44:281–292.

20 Simpson A, Hersbach AA, McDermott HJ. Frequency-compression 
outcomes in listeners with steeply sloping audiograms. Int J Audiol 2006; 
45:619–629.

21 Gifford RH, Dorman MF, Spahr AJ, McKarns SA. Effect of digital frequency 
compression (DFC) on speech recognition in candidates for combined 
electric and acoustic stimulation (EAS). J Speech Lang Hear Res 2007; 
50:1194–1202.

22 Glista D, Scollie S, Bagatto M, Seewald R, Parsa V, Johnson A. Evaluation 
f nonlinear frequency compression: clinical outcomes. Int J Audiol 2009; 
48:632–644.

23 Bohnert A, Nyffeler M, Keilmann A. Advantages of a non-linear frequency 
compression algorithm in noise. Eur Arch Otorhinolaryngol 2010; 267: 
1045–1153.

24  Wolfe J,  John A,  Schafer E,  Nyffeler M,  Boretzki M,  Caraway T,  Hudson M. 
Long-term effects of non-linear frequency compression for children with 
moderate hearing loss. Int J Audiol 2011; 50:396–404.

25 Khalid A, et al. Antimicrobial activity analysis of extracts of Acacia modesta. 
Afr J Biotechnol 2003; 10:4574–4580.

26 Prates LPCS, Silva FJF, Iório MCM. Frequency compression and its 
effects in speech recognition. Pro Fono 2009; 21:149–154.

27 Braida LD, Durlach NI, Lippmann RP, Hicks BL, Rabinowitz WM, Reed CM. 
Hearing aids: a review of past research on linear ampli  cation, amplitude 
compression, and frequency lowering. Rockville, MD: ASLHA; 1979.

28 Stevens LM, Lynm C, Glass RM. Medical journals. JAMA 2006; 295:1860.

29  Kiefer J,  Pok M,  Adunka O,  Stürzebecher E,  Baumgartner W,   Schmidt M, 
et al. Combined electric and acoustic stimulation of the auditory system: 
results of a clinical study. Audiol Neurootol 2005; 10:134–144.

30 Stelmachowicz PG, Pittman AL, Hoover BM, Lewis DE. Effect of stimulus 
bandwidth on the perception of /s/ in normal- and hearing-impaired 
children and adults. J Acoust Soc Am 2001; 110:2183–2190.

31 Posen MP, Reed CM, Braida LD. Intelligibility of frequency-lowered 
speech produced by a channel vocoder. J Rehabil Res Dev 1993; 30: 
26–38.

32 Beasley DS, Mosher NL, Orchik DJ. Use of frequency-shifted/time-
compressed speech with hearing-impaired children. Audiology 1976; 15: 
395–406.

33 McDermott HJ, Dean MR. Speech perception with steeply sloping hearing 
loss: effects of frequency transposition. Br J Audiol 2000; 34:353–361.

34 Velmans M. Effects of frequency ‘recoding’ on the articulation learning of 
perceptively deaf children. Lang Speech 1975; 18:180–193.

35 Blamey PJ, Clark GM, Tong YC, Ling D. Perceptual-oral training of two 
hearing-impaired children in the recognition and production of /s/ and /z/. 
Br J Audiol 1990; 24:375–379.

36 Sweetow RW, Sabes JH. The need for and development of an adaptive 
Listening and Communication Enhancement (LACE) Program. J Am Acad 
Audiol 2006; 17:538–558.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




