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Summary
Sound has been used for the management of tinnitus for centuries, with broadband noise being available as a
masking sound in ear-level hearing aids since the late 1970s. With the development of hearing aids designed for
use with iOS and Android smartphones it is now possible to stream complex recorded sounds to listeners hearing
aids. This digital streaming ability has increased the range of sounds available for sound-based tinnitus therapy.
Aims: A clinical trial was undertaken to evaluate the effects of sounds of nature on tinnitus. Methods: Changes
in THI and rating scales were measured in 20 patients before, three and six months following the fitting of pro-
totype hearing aids streaming a self-selected range of sounds of nature installed on the users’ smartphone. The
outcomes were compared to a similar group of 17 participants receiving the same management except through
conventional sound therapy hearing aids generating broadband noise. Results: The nature sounds group showed
a 22.5 point THI decline over 6 months, the comparison group 21.3 points. The difference of the THI decline be-
tween the two groups was -0.62 (95% CI: -6.35; 5.12) and it was not significant (p=0.83). However, a significant
(p<0.001) mean decline of 10.96 points (95% CI 8.08; 13.83) was observed per each unit of time in both groups.
Conclusions: Significant improvements were obtained in both nature and broadband noise groups at three and six
months following fitting. No significant difference was found between the two groups using one or the other type
of sound.

PACS no. 43.64.-q, 43.66.-x

1. Introduction

Tinnitus is the perception of sound in the absence of an
external sound source; it is a common auditory complaint
that often accompanies hearing loss [1]. Sound, along with
counselling, is a cornerstone of several approaches to tin-
nitus [2]. The sound has typically been presented through
hearing aids. These combination hearing aids and sound
generators were first developed as analogue devices in the
early 1980s [3]. The rapid development of digital signal
processing in hearing aids from the mid 1990s meant that
these analogue devices fast became obsolete. In the last
five years there has been a revival in interest in tinnitus
sound therapies amongst hearing aid manufacturers; now
most major manufacturers of hearing aids offer some form
of tinnitus therapy device. Broadband noise has been the
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most common sound type used in these combination aids.
The use of broadband noise has been based on the relative
technical ease for generating this sound, marginal patient
preference for broadband noise [4], and the belief that au-
ditory stimulation across a broad frequency range with a
neutral sound may be most effective sound to facilitate ha-
bituation [5]. The development of digital sound recording
and playback methods has enabled the use of more com-
plex sounds as therapeutic agents [6, 7].

Although the mechanisms underlying tinnitus are not
fully understood, using a whole-brain approach, human
neurophysiological and functional imaging studies have
visualized various regions of hyperactivity in the audi-
tory pathways of tinnitus patients [8, 9, 10, 11], as well
as the activation of nonauditory cortical regions, includ-
ing prefrontal, temporo-parietal areas [12, 13, 14] and
limbic brain structures, such as hippocampus and amyg-
dala [15, 16, 17]. According to several neurophysiological
models of tinnitus, while the auditory system is needed for
the perception of tinnitus, the limbic and autonomic ner-
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vous systems are the main systems responsible for nega-
tive tinnitus evoked reactions [18]. Recently, Rauschecker
et al. [19] and Leaver et al. [20] proposed a model target-
ing the limbic system involvement in tinnitus. Like many
researchers, they assume that the tinnitus signal initially
arises from changes in the auditory system (distortion of
tonotopic maps, hyperactivity of auditory neurons). How-
ever, these changes alone cannot explain why tinnitus does
not occur in all cases of hearing loss, why it is intermittent
in some patients, and why it can be modulated by non-
auditory influences such as stress and fatigue. It is sug-
gested that the limbic system can suppress tinnitus-related
thalamo-cortical activity, thus preventing the tinnitus sig-
nal from reaching awareness. If the limbic system is over-
loaded from stress or fatigue, this “noise-cancellation sys-
tem” fails and tinnitus is perceived [19, 20].

Sound combined with counselling has gained
widespread acceptance in the audiological manage-
ment of tinnitus [2, 21, 22, 23]. The beneficial effect of
sound stimulation on tinnitus has been explained by the
activation of neural plasticity, reversing the changes in the
central auditory pathways [24, 25]. Exposure to sound
induces structural and functional changes in the central
auditory system but also can affect limbic regions such as
the amygdala and hippocampus [26]. Sound stimulation
may facilitate habituation to tinnitus by decreasing the
strength of the tinnitus signal through the increase in level
of background neuronal activity in the auditory system,
achieved by providing an enhanced sound background.
This would decrease the contrast between the tinnitus and
environmental sound, thus reducing the aversive response
to tinnitus [5, 23, 27]. There is controversy regarding
whether sound in sound therapy should divert attention
from tinnitus or not. In Tinnitus Retraining Therapy
attention is not considered the crucial feature; Jastreboff
suggested that the most effective sounds to achieve habitu-
ation to tinnitus are emotionally neutral with low attention
capturing characteristics [23]; others have argued that
psychological adaptation to tinnitus could result from
moving attention away from tinnitus, eliciting positive
memories to sound, and creating a positive emotional
response to sound [28]. Asutay and Vasrfjall [29] reported
that the same auditory stimulus was experienced as being
louder, more negative, and fear inducing when it was
conditioned with an aversive experience. Annerstedt et
al. [30] described a reduced parasympathetic activation
and enhanced stress recovery in individuals exposed to
nature sounds compared to a control group of participants
without exposure to sound.

Current sound generators and combination devices can
only deliver a limited range and quality of sounds due to
technical limitations including restricted internal memory.
The most frequently used signals in sound therapy are sim-
ple non-information baring sounds, such as white noise, or
filtered broadband noise. These noise signals can be mod-
ulated randomly to make them less monotonous to listen
to and more natural sounding (6) . Because patients use
sound therapy for long periods sound comfort becomes

the paramount consideration. Clinical experience indicates
that many patients find relief and even experience tempo-
rary remission of tinnitus while listening to natural sounds
such as shower-sounds, rain, waterfalls, and ocean waves.
Henry et al. (6) found that natural sounds were signif-
icantly more effective in decreasing tinnitus annoyance
than technical sounds like white noise. Searchfield et al.
(7) found rain was preferred as a tinnitus treatment sound
over music and broadband noise by many participants, but
there was a range of responses as to the annoyance and
effect of each sound type.

The purpose of this study was to assess the effectiveness
of wirelessly streaming sounds of nature to users hear-
ing aids as a tinnitus treatment, comparing the efficacy
of sounds of nature with conventional broadband noise
sound stimulation. Because natural sounds can evoke pos-
itive connotations and are easy to accept, we hypothe-
sized that they would improve the effectiveness of tinnitus
sound therapy. To examine this concept, high-quality nat-
ural sound recordings were obtained and processed with
the goal of reducing tinnitus audibility while providing a
soothing response.

2. Methods

This was a randomised controlled trial. Each institution
approved the methods used and informed consent was ob-
tained and methods carried out according to the declara-
tion of Helsinki.

2.1. Participants

Participants were recruited from clinical research centres
in Milan (Fondazione Ascolta e Vivi) and Auckland (Uni-
versity of Auckland Hearing and Tinnitus Clinic). For
inclusion volunteers had to be aged between 18 to 65
years old and a tinnitus duration of at least 6 months. Pa-
tients with objective tinnitus or conductive hearing loss,
Ménière’s disease or tumours of the cerebellopontine an-
gle were excluded.

Using an electronically generated randomization sched-
ule, tinnitus patients were randomly assigned to two
groups: Group 1, assigned to receive sounds of nature and
Group 2, assigned to receive broadband noise. Group 1
consisted of twenty patients, ten recruited by the clinical
research centre of Milan (6 males and 4 females; mean
age: 53.7 years; SD: 13.0 years) and ten by the clinical re-
search centre of Auckland (7 males and 3 females; mean
age: 55.5 years; SD: 11.0). One patient withdrew due to
travel problems; so, data refers to 19 participants (12 males
and 7 females; mean age: 54.7 years; SD: 12.1 years).
Group 2 consisted of seventeen patients (12 males and 5
females, mean age 56.5 years; SD: 11.6 years), nine re-
cruited in Milan (6 males and 3 females, mean age: 56.9
years; SD: 13.3 years) and eight recruited in Auckland (6
males and 2 females, mean age: 56 years; SD: 10.4).
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Table I. Playlist of sounds.

File: Landscape

Acqua_BinBea_bip.wav: water from a tap
Acqua_Clean_bip.wav: water from a tap
Acqua_Rev_bip.wav: water from a tap
BoscoAcqua_BinBea_bip.wav: water in a stream in a forest
BoscoAcqua_Rev_BinBea_bip.wav: water in a stream in a

forest
BoscoAcqua_Rev_bip.wav: water in a stream in a forest
BoscoVento_BinBea_bip.wav: water in a stream in a forest

with wind
BoscoVento_Rev_BinBea_bip.wav: water in a stream in a

forest with wind
BoscoVento_Rev_bip.wav: water in a stream in a forest

with wind
Campagna_bip.wav: campaign sound landscape
Chiesa1_BinBea_bip.wav: church
Chiesa1_Clean_bip.wav: church
Chiesa1_Rev_bip.wav: church
Chiesa2_Rev1_bip.wav: church
Fuoco1_BinBea_bip.wav: fire in a fireplace
Fuoco1_Rev_BinBea_bip.wav: fire in a fireplace
Fuoco1_Rev_bip.wav: fire in a fireplace
Fuoco2_BinBea_bip.wav: fire in a fireplace
Fuoco2_Rev_BinBea_bip.wav: fire in a fireplace
Fuoco2_Rev_bip.wav: fire in a fireplace
Babble_BinBea_bip.wav: spoken in the background
Babble_Clean_bip.wav: spoken in the background
Babble_Rev_bip.wav: spoken in the background
CamminataFiume_BinBea_bip.wav: walking along a river
CamminataFiume_Clean_bip.wav: walking along a river
Chiesa2_BinBea_bip.wav: church
Chiesa2_Clean_bip.wav: church
DOCCIA LONTANA_REV: shower recorded from afar
DOCCIA LONTANO_BIN BEAT: shower recorded from

afar
DOCCIA SOTTO_BIN BEAT: under the shower
DOCCIA SOTTO_REV: under the shower
DOCCIA VICINO_BIN BEAT: shower recorded close
DOCCIA VICINO_REV: shower recorded close
GOCCE MIX_BIN BEAT: water drops
GOCCE MIX_REV: water drops
UNDERWATER 1_BIN BEAT: in the rain
UNDERWATER 1_REV: in the rain
UNDERWATER 2_BIN BEAT: in the rain
UNDERWATER 2_REV: in the rain
WATEROUT_BIN BEAT: rain
WATEROUT_REV: rain
BARCA BIN_BEAT: sound of the sea from a boat
BARCA REV: sound of the sea from a boat
DOCCIA BIN_BEAT: shower
DOCCIA REV: shower
PIOGGIA DEBOLE BIN_BEAT: light rain
PIOGGIA DEBOLE REV: light rain
PIOGGIA FORTE BIN_BEAT: heavy rain
PIOGGIA FORTE REV: heavy rain

2.2. Recording of sounds of nature and post process-
ing

A collection of natural sounds was obtained using high
quality recordings. The sound recordings were recorded at

a sampling rate of 44.1 kHz per channel, with a flat micro-
phone response, using a dummy head to preserve spatial
cues. The sounds were from natural soundscapes that had
a psychologically soothing effect on the researchers (e.g.
the sound of running water, the interior of a cathedral, the
background sound of a forest, being in the countryside and
near a river, a water fountain inside a room, the sound of
a shower and ocean waves). The sounds had a wide fre-
quency spectrum. For each setting audio sequences of ap-
propriate length were selected that could be heard without
obvious repetitions when looped. Normalization was car-
ried out at 0 dB FS (at 24-bit resolution) amplitude maxi-
mum peak (peak amplitude), using the Audacity software
"Normalize" function. Stages of normalization: Remove
DC offset (center vertically on 0.0); Normalize maximum
amplitude to 0.0 dB. All tracks were equalized to 0 dB,
appropriately cut for the listening loop and saved in An-
droid or iOS audio format. A playlist of 54 sounds (Ta-
ble I) was available to participants in the nature sounds
group to be uploaded to an iOs or Android smartphone for
sound streaming to the prototype combination devices.

2.3. Audiologic testing

At the first visit, all of the participants underwent a com-
plete audiological and external ear evaluation including a
full history and physical examination, pure-tone audiom-
etry, immittance testing and tinnitus measurement. Pure-
tone audiometry was performed in a sound-attenuated
booth. Hearing levels were measured in each ear sepa-
rately at 0.25 – 8 kHz, at half octave steps for air conduc-
tion and at 0.5 - 4 kHz for bone conduction. The Pure Tone
Average (PTA) at 0.5, 1, 2 kHz was calculated. In addition,
we studied the high frequency range that is usually im-
paired in tinnitus patients. The High-Frequency Pure Tone
Average (HF-PTA) was calculated by averaging thresh-
olds per ear obtained at frequencies of 4, 6 and 8 kHz. In
this report, normal hearing was defined as a PTA equal to
or lower than 20 dB HL. The degree of hearing loss was
classified as “mild” when the PTA was between 21 and
40 dB HL, “moderate” between 41 and 70 dB HL, “se-
vere” between 71 and 90 dB HL and “profound” more than
91 dB HL.

Tympanograms were recorded using a 226-Hz probe
tone and classified as type A, type B, type C, type As and
type Ad [31] . In patients with type A tympanograms, the
contralateral Acoustic Reflexes was determined.

Tinnitus measurements included the Tinnitus Handicap
Inventory (THI) questionnaire, in the Italian version in Mi-
lan [32] and in the English version in Auckland [33] and
a Numeric Rating Scale (NRS) for annoyance (between 0
to 10 with 0=not annoying and 10=extremely annoying).

2.4. Sound therapy

A counselling session was provided before starting the
sound therapy, this included a clear explanation of the
physiology of hearing and present knowledge about tinni-
tus generation and perception, as suggested by Jastreboff
[34].
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Table II. Baseline Audiological parameters and subjective Tin-
nitus Characteristics. PTA refers to pure tone averages of 0.5-
1-2 kHz and HF-PTA to pure tone averages of 4-6-8 kHz. In
paranethesis: Standard deviation.

Group 1 Group 2
Characteristic Nature sounds Broadband noise

Number 19 17
Gender 12 M/7 F 12 M/5 F
Age (years) 54.77 (12.1) 56.5 (11.6)
Right PTA (dB HL) 17.3 (12.3) 20.3 (11.1)
Left PTA (dB HL) 17.3 (12.4) 22.8 (13.1)
Right HF-PTA (dB HL) 41.1 (22.7) 41.1 (17.0)
Left HF-PTA (dB HL) 45.3 (21.9) 45.9 (18.7)
Tinnitus Pitch (kHz) 8.1 (3.4) 10.6 (1.9)
THI 43.9 (16.2) 52.2 (13.9)
NRS (annoyance) 6.4 (2.1) 6.1 (1.7)

Participants in Group 1 were fitted with bilateral proto-
type ReSound combination hearing aids connected wire-
lessly (using a Bluetooth streamer, Resound Phone clip
2) to the users smartphone containing the nature sounds.
Participants were free to choose their preferred sound and
change it during trial if desired. Participants in Group 2
were fitted with standard combination aids (Resound Live
TS or Alera TS, Verso TS) with broadband noise genera-
tor. The devices for both groups had the same frequency
range. Sounds of nature were presented in stereo.

In order to standardize hearing aid fitting across the two
centres, we used the prescription formula suggested by
Aventa and in situ measures to verify the amplification de-
livered. All patients were instructed to set the sound level
at the lowest comfortable level that mixing of the treat-
ment sound and tinnitus occurred, and to use the device as
much as possible, but at least 8 hours per day. All partici-
pants received the same counselling at the fitting and 1, 3
and 6 months following fitting and whenever requested by
the patient.

Tinnitus treatment outcomes were assessed three and six
months after commencing treatment. During the follow up
visits, the THI and the NRS were administered in order to
quantify sound therapy benefit.

2.5. Primary and secondary outcome measurements

Primary measure: THI change over time. THI scores were
measured across baseline, 3 months and 6 months post fit-
ting in both groups.

Secondary measure: NRS change over time. NRS scores
were measured across baseline, 3 months and 6 months
post fitting in both groups.

2.6. Power analysis

Since 17 resulted to be the standard deviation of the THI
change over time at the end of the study, having fixed type
I error to 0.05, a study size of 18 patients per group has a
80% power in detecting a minimum clinical relevant effect
(difference of THI change over time at the end of the study
between the two groups) of 16.

Figure 1. (a) Mean air conduction thresholds and standard devi-
ation of right and left ear in Group 1 patients. (b) Mean air con-
duction thresholds and standard deviation of right and left ear in
Group 2 patients.

2.7. Statistical analysis

We reported results as mean ±SD. We fitted two-level
models to the THI profile over time (with patients as a ran-
dom term). We tested whether the treatment had any effect
on the decline of THI over time. In the final model the
effect of hearing level (a possible confounder for the asso-
ciation between the treatment and THI) was not included
since the effect of this variable on THI decline was negli-
gible. Similarly, two-level models were fitted to the profile
of NRS over time. Statistical analysis was performed with
SAS software version 9.2. (Copyright, SAS Institute Inc.,
Cary, NC, USA).

3. Results

The tinnitus and demographic characteristics of both
groups are reported in Table II. The mean air conduction
thresholds and standard deviation of right and left ear for
both groups are illustrated in Figure 1.

In the group receiving nature sound therapy 13 tin-
nitus patients had normal hearing levels based on the
PTA (PTA ≤ 20 dB HL) with hearing impairment in the
high frequency range (HF−PTA > 20 dB HL) and 6 a
mild/moderate hearing loss (4 bilateral and 2 unilateral);
tinnitus was unilateral in 16 patients (11 right, 5 left) and
bilateral in 3. In the comparison group receiving broad-
band noise stimulation 8 tinnitus patients had normal hear-
ing levels based on the PTA (PTA ≤ 20 dB HL) with hear-
ing impairment in the high frequency range (HF−PTA >
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Figure 2. Mean THI scores over time of Group 1 and Group 2
patients. Whiskers show maximum and minimum levels.

20 dB HL), 7 a mild hearing loss (4 bilateral, 3 unilateral),
1 a mild hearing loss in one ear and a moderate hearing
loss in the other and 1 a moderate bilateral hearing loss;
tinnitus was unilateral in 13 and bilateral in 4 participants.

3.1. Primary measure: change of THI

Mean THI scores across baseline, 3 months and 6 months
post fitting are shown in Figure 2. In Group 1 the aver-
age THI values were 43.9 (SD 16.2) at baseline, 26.9 (SD
14.9) at 3 months and 21.4 (SD 14.2) at 6 months. In
Group 2 the average THI values were 52.2 (SD 13.9) at
baseline; 32.4 (SD 15.2) at 3 months and 30.9 (SD 15.1)
at 6 months. The nature sounds group showed a 22.5 point
change over 6 months, the comparison group 21.3 points.
We divided each group into two subgroups, with and with-
out hearing loss (Table III). For Group 1 the mean THI
values in normal hearing patients were 42.6 (SD 17.2) at
baseline, 25.1 (SD 14.9) at 3 months and 18.8 (SD 12.8) at
6 months and in hearing impaired patients were 46.7 (SD
14.9) at baseline, 31.0 (SD 15.4) at 3 months and 27.0 (SD
16.6) at 6 months. For Group 2 the average THI values in
better hearing patients were 50.7 (SD 5.9) at baseline 270.
(SD 14.3) at 3 months and 22.0 (SD 12.3) at 6 months and
in hearing impaired patients were 53.6 (SD 18.8) at base-
line, 37.1 (SD 15.2) at 3 months and 38.9 (SD 13.1) at 6
months. Hearing level had no effect on either the baseline
THI or on the THI decline, therefore we did not consider
the hearing levels in the final model. The difference of the
THI decline between the two groups was -0.62 (95% CI:
-6.35; 5.12) and it was not significant (p=0.83). However,
we observed significant (p<0.001) mean decline of 10.96
points (95% CI 8.08; 13.83) per each unit of time in both
groups.

3.2. Secondary measure: change of NRS

Mean NRS scores across baseline, 3 months and 6 months
post fitting are shown in Figure 3. In Group 1 the average
annoyance values were 6.4 (SD 2.1) at baseline, 4.8 (SD
2.0) at 3 months and 4.1 (SD 2.0) at 6 months. Group 2
results were 6.1 (SD 1.8) at baseline, 4.4 (SD 2.4) at 3
months and 4.2 (SD 2.0) at 6 months.

Figure 3. Mean NRS scores over time of Group 1 and Group 2
patients. Whiskers show maximum and minimum levels.

Hearing level had no effect on either the baseline NRS
or the NRS decline, therefore we did not consider the hear-
ing levels in the final model. The difference of the NRS
decline between the two groups was -0.16 (95% CI: -1.06;
0.74) and it was not significant (p=0.72). However, we ob-
served significant (p<0.001) mean decline of 1.07 points
(95% CI 0.62; 1.51) per each unit of time in both groups.

The nature sounds participants chose the following
sounds: 6 users chose shower sounds, 6 rain, 3 ocean
waves, 3 wind in woods, 1 creek and 5 patients didn’t
have a clear preference. The majority of participants found
the sounds to be comfortable and did not find the use of
sound tracks disturbing at work or in social conditions.
The sounds were reported as very pleasant and relaxing
and the majority of the patients were happy to use them
24hours/day. The only qualitative concern was that the
Combination aid’s battery life was limited to 4 days, due
to the continuous streaming from their smartphones. Even
people that were unaccustomed to the use of mobile com-
puting easily accepted the use of the smartphone.

4. Discussion

This study compared the effect of sounds of nature to con-
ventional broadband noise stimulation on tinnitus. Signifi-
cant improvement was achieved after three and six months
of use for both natural sounds and broadband noise groups,
but there was no difference between the two groups. Par-
ticipants in the natural sounds group indicated preference
for running water sounds. This observation is consistent
with other studies that suggest nature sounds can have pos-
itive effects on tinnitus. Although users of the sounds of
nature found them helpful the benefits did not extend to
a greater reduction in tinnitus than the usual treatment.
This suggests that the presence of sound is important, and
not its specific parameters. This is in line with previous
studies reporting benefit from sound therapy. Hazell [35]
concluded that users found sound therapy devices subjec-
tively helpful and reported lower levels of tinnitus annoy-
ance with their use but found no significant difference be-
tween sound therapy devices, hearing aids or combination
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Table III. Age, PTA and HF-PTA values of the two subgroups – normal hearing and hearing loss – of Group 1 and Group 2 patients. In
parenthesis: Standard Deviations.

PTA (dB HL) HF – PTA (dB HL)
N age (years) right left right left

Group 1 Normal hearing 13 51.8 (13.3) 10.5 (3.8) 10.7 (4.1) 30.8 (17.1) 36.5 (18.7)
Hearing loss 6 60.8 (5.7) 32.2 (11.0) 31.6 (12.3) 63.6 (16.2) 64.2 (16.3)

Group 2 Normal hearing 8 55.0 (11.7) 12.5 (3.8) 11.8 (3.9) 41.0 (18.5) 37.2 (16.2)
Hearing loss 9 57.8 (12.2) 27.4 (10.7) 32.6 (10.2) 41.2 (16.6) 53.7 (18.1)

instruments. The design of the study does not enable us to
ascertain why the two groups did not differ in outcomes.

The sounds may simply have been equally effective
maskers. It is also plausible that the similar effects mea-
sured were the result of different but equally effective
mechanisms (e.g. improved reaction to tinnitus compared
to simple habituation). Both groups were of similar age
and tinnitus severity. The hearing level of participants had
a negligible effect on THI decline, thus supporting that
TRT is equally effective to patients with and without hear-
ing loss. However the personality of participants was not
assessed and this has recently been suggested as a predic-
tor of sound based tinnitus adaptation [36] and might in-
fluence sound selection.

Six months was considered a reasonable assessment pe-
riod, it has however been shown that some sound therapy
effects may not differentiate until after 12–18 months [37].
Consequently longer-term trials may be necessary. It is
possible, but an untested hypothesis, that THI scores might
continue to improve after 6 months in response to sounds
of nature. Future studies should also look at changes oc-
curring immediately post-fitting (within weeks, rather than
months): it is possible that the rate of improvement is supe-
rior for one treatment over another. Such a study may assist
in differentiating more immediate effects of masking from
longer-term psychosocial changes. A cross-over trial with
the same participants acting as their own control may pro-
vide clarity as to whether individual sound selection was
equivalent or superior overtime. In this study the emphasis
was on ascertaining if selection of treatment sounds from
many options (54) would be better than broadband noise.
Next-steps in the valuation process should be to look at
factors determining individual selection of sounds and fac-
tors contributing to success (e.g extent of masking and vol-
ume preference).

We did not examine the spectra and energy of various
sounds. We realize that this could represent a problem in
the interpretation of the results but its impact is decreased
by the level at which patients were instructed to set the
sound, a level below sound annoyance.

Also, nature sounds were presented in stereo, while the
broadband noise was generated separately at each ear as
mono signals. While this difference could have implica-
tions for the treatment outcome we cannot judge how rel-
evant this dimension is. Nevertheless, it might be consid-
ered another variable along with many others that distin-
guish nature sounds from technical sounds (for example

temporal variations, variable frequency content). In this
context a stereo signal is one further difference in the na-
ture of sounds used.

The only negative comment received from the trial of
the streamed sounds of nature was high battery drain. Such
technical limitations have already been reduced in next
generation wireless designs and are likely to continue to
improve with technology evolution.

The present study set out to investigate whether sound
therapy with sounds of nature is effective in the manage-
ment of patients suffering from tinnitus compared with
technical sound. In order to test this hypothesis, we em-
ployed natural sounds that were considered psychologi-
cally soothing. The technical procedures used to record
and edit the sounds were designed to improve the relaxing
power by providing a sense of presence in the virtual sound
environment. Among a selection of natural sounds, the pa-
tients involved in this study chose sounds of water, rain,
shower, creek and ocean waves. This preference is in line
with the conclusions of Henry et al. [6] that used differ-
ent custom sounds for achieving tinnitus relief and stated
that nature and water sounds were significantly more effec-
tive than the other sounds in reducing tinnitus annoyance.
As far as the impact of sounds of nature on anxiety and
depression, we collected only subjective information and
comments from the patients that indicated appreciation
of the natural sounds, self-reported as having a positive
side effect on the anxiety level. No negative side effects
were reported to the sounds of nature. Most of our patients
found the sound tracks very comfortable and they did not
report any difficulty in speech understanding. The effects
of natural sound recordings on the intelligibility of speech
in sound therapy are minor compared to broadband noise.
According to Paglialonga et al. [38] at the same stimula-
tion level, speech intelligibility was lower for broadband
noise than for a moving water recording.

5. Conclusions

This trial demonstrated that there are no significant differ-
ences between nature and technical sounds in the manage-
ment of patients suffering from tinnitus. However signifi-
cant improvements were obtained in both groups at three
and six months following fitting. Future research should
address the influence of nature sounds on the different as-
pects of auditory processing, tinnitus perception, anxiety
and depression.

545

A
u

th
o

r'
s 

co
m

p
lim

en
ta

ry
 c

o
p

y



ACTA ACUSTICA UNITED WITH ACUSTICA Barozzi et al.: Tinnitus therapy
Vol. 102 (2016)

References

[1] G. S. Shekhawat, G. D. Searchfield, C. M. Stinear: The rela-
tionship between tinnitus pitch and hearing sensitivity. Eur
Arch Otorhinolaryngol 271 (2014) 41–48.

[2] J. A. Henry, M. A. Schechter, T. L. Zaugg, S. Griest, P. J.
Jastreboff, J. A. Vernon et al.: Clinical trial to compare tin-
nitus masking and tinnitus retraining therapy. Acta Oto-
laryngol Suppl 556 (2006) 64–69.

[3] R. E. Sandlin, R. J. Olsson: Evaluation and selection of
maskers and other devices used in the treatment of tinni-
tus and hyperacusis. Trends Amplif 4 (1999) 6–26.

[4] P. A. Smith, V. M. Parr, M. E. Lutman, R. R. Coles: Com-
parative study of four noise spectra as potential tinnitus
maskers. Br J Audiol 25 (1991) 25–34.

[5] P. J. Jastreboff: Optimal sound use in TRT – theory and
practice. – In: 6th International Tinnitus Seminar London:
The Tinnitus and Hyperacusis Centre. J. Hazell (ed.). 1999,
491–494.

[6] J. A. Henry, B. Rheinsburg, T. Zaugg: Comparison of cus-
tom sounds for achieving tinnitus relief. J Am Acad Audiol
15 (2004) 585–98.

[7] G. D. Searchfield, H. Cameron, S. Irving, K. Kobayashi:
Sound therapies and instrumentation for tinnitus therapy.
Proceedings of Tinnitus Discovery: Asia-Pacific Tinnitus
Symposium. The New Zealand Medical Journal, Supple-
ment 123 (2010) 1311:116–124.

[8] W. Arnold, P. Bartenstein, E. Oestreicher, W. Romer, M.
Schwaiger: Focal metabolic activation in the predominant
left auditory cortex in patients suffering from tinnitus: a
PET study with [18F]deoxyglucose. ORL J Otorhinolaryn-
gol Relat Spec 58 (1996) 195–199.

[9] E. S. Hoke, W. Muhlnickel, B. Ross, M. Hoke: Tinnitus
and event-related activity of the auditory cortex. Audiol
Neurootol 3 (1998) 300–331.

[10] C. P. Lanting, E. de Kleine, P. van Dijk: Neural activity
underlying tinnitus generation: results from PET and fMRI.
Hear Res 255 (2009) 1–13.

[11] J. R. Melcher, R. A. Levine, C. Bergevin, B. Norris: The
auditory midbrain of people with tinnitus: abnormal sound-
evoked activity revisited. Hear Res 257 (2009) 63–74.

[12] A. L. Giraud, S. Chery-Croze, G. Fischer, C. Fischer, A.
Vighetto, M. C. Gregoire et al.: A selective imaging of tin-
nitus. Neuroreport 10 (1999) 1–5.

[13] F. Mirz, B. Pedersen, K. Ishizu, P. Johannsen, T. Ovesen, H.
Stodkilde-Jorgensen et al.: Positron emission tomography
of cortical centers of tinnitus. Hear Res 134 (1999) 133–
144.

[14] W. Schlee, T. Hartmann, B. Langguth, N. Weisz: Abnor-
mal resting-state cortical coupling in chronic tinnitus. BMC
Neurosci 19 (2009) 10:11–2202–10–11.

[15] F. Mirz, A. Gjedde, K. Ishizu, C. B. Pedersen: Cortical net-
works subserving the perception of tinnitus–a PET study.
Acta Otolaryngol Suppl 543 (2000) 241–243.

[16] A. H. Lockwood, R. J. Salvi, M. L. Coad, M. L. Towsley,
D. S. Wack, B. W. Murphy: The functional neuroanatomy
of tinnitus: evidence for limbic system links and neural
plasticity. Neurology 50 (1998) 114–120.

[17] A. Shulman, B. Goldstein, A. M. Strashun: Final common
pathway for tinnitus: theoretical and clinical implications
of neuroanatomical substrates. Int Tinnitus J 15 (2009) 5–
50.

[18] P. J. Jastreboff: 25 years of tinnitus retraining therapy. HNO
63 (2015) 307–311.

[19] J. P. Rauschecker, A. M. Leaver, M. Muhlau: Tuning out
the noise: limbic-auditory interactions in tinnitus. Neuron
66 (2010) 819–826.

[20] A. M. Leaver, L. Renier, M. A. Chevillet, S. Morgan, H. J.
Kim, J. P. Rauschecker: Dysregulation of limbic and audi-
tory networks in tinnitus. Neuron 69 (2011) 33–43.

[21] D. J. Hoare, G. D. Searchfield, A. El Refaie, J. A. Henry:
Sound therapy for tinnitus management: practicable op-
tions. J Am Acad Audiol 25 (2014) 62–75.

[22] L. Del Bo, G. Baracca, S. Forti, A. Norena: Sound stimula-
tion. – In: Textbook of tinnitus. A. R. Moller, B. Langguth,
D. De Ridder, T. Kleinjung (eds.). New York, Springer,
2010.

[23] P. J. Jastreboff: Tinnitus retraining therapy. Textbook of tin-
nitus. Springer, New York, 2011. 575-596.

[24] A. J. Norena, J. J. Eggermont: Enriched acoustic environ-
ment after noise trauma abolishes neural signs of tinnitus.
Neuroreport 17 (2006) 559–563.

[25] A. J. Norena, B. J. Farley: Tinnitus-related neural activity:
theories of generation and propagation, and centralization.
Hear Res 295 (2013) 161–171.

[26] K. S. Kraus, B. Canlon: Neuronal connectivity and interac-
tions between the auditory and limbic systems. Effects of
noise and tinnitus. Hear Res 288 (2012) 34–46.

[27] P. J. Jastreboff, J. W. P. Hazell: Tinnitus retraining therapy:
implementing the neurophysiological model. Cambridge
University Press, 2004.

[28] G. D. Searchfield: Tinnitus what and where: an ecological
framework. Front Neurol 5 (2014) 271.

[29] E. Asutay, D. Vastfjall: Perception of loudness is influenced
by emotion. PLoS One 7 (2012) e38660.

[30] M. Annerstedt, P. Jonsson, M. Wallergard, G. Johansson,
B. Karlson, P. Grahn et al.: Inducing physiological stress
recovery with sounds of nature in a virtual reality forest–
results from a pilot study. Physiol Behav 118 (2013) 240–
250.

[31] J. Jerger: Clinical experience with impedance audiometry.
Arch Otolaryngol 92 (1970) 311–324.

[32] D. Monzani, E. Genovese, A. Marrara, C. Gherpelli, L. Pin-
gani, M. Forghieri et al.: Validity of the Italian adaptation of
the tinnitus handicap inventory; focus on quality of life and
psychological distress in tinnitus-sufferers. Acta Otorhino-
laryngol Ital 28 (2008) 126–134.

[33] C. W. Newman, G. P. Jacobson, J. B. Spitzer: Development
of the tinnitus handicap inventory. Arch Otolaryngol Head
Neck Surg 122 (1996) 143–148.

[34] P. J. Jastreboff: Tinnitus habituation therapy (THT) and tin-
nitus retraining therapy (TRT). – In: Tinnitus handbook.
R. S. Tyler (ed.). Singular Publishing Group, San Diego
(CA), 2000, 357–376.

[35] J. W. Hazell, S. M. Wood, H. R. Cooper, S. D. Stephens,
A. L. Corcoran, R. R. Coles et al.: A clinical study of tinni-
tus maskers. Br J Audiol 19 (1985) 65–146.

[36] M. Durai, K. Kobayashi, G. D. Searchfield: A preliminary
examination of the roles of contextual stimuli and person-
ality traits under<br /> the adaptation level theory model of
tinnitus. Acta Acustica united with Acustica 101 (2015)
543–551.

[37] J. A. Henry, M. A. Schechter, S. M. Nagler, S. A. Fausti:
Comparison of tinnitus masking and tinnitus retraining
therapy. J Am Acad Audiol 13 (2002) 559–581.

[38] A. Paglialonga, S. Fiocchi, M. Parazzini, P. Ravazzani, G.
Tognola: Influence of tinnitus sound therapy signals on the
intelligibility of speech. J Laryngol Otol 125 (2011) 795–
801.

546

A
u

th
o

r'
s 

co
m

p
lim

en
ta

ry
 c

o
p

y


