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audiologists as primary hearing 
health care providers through 
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Dr. Salima Jiwani is Past President of CAA, and is the  
clinical and research Director of Audiology at AudioSense 
Inc., a centre of excellence in Hearing and Balance 
Healthcare.   
Salima earned her Ph.D. in auditory neurophysiology with the 
Institute of Medical Science at the University of Toronto.  She 
completed her doctoral work at the Cochlear Implant Lab at 
the Hospital for Sick Children in Toronto, where she worked 
with children and adolescents who are deaf and have used a 
cochlear implant to hear for most of their lives. 

Speaker: Philippe Fournier, Ph.D., 
Postdoctoral fellow researcher, M.Sc.S., Audiologist, FAAA 

4 

Philippe Fournier is currently a postdoctoral fellow at the Centre 
national de la recherche scientifique (CNRS), Université d’Aix-
Marseille, France. He is also the founder, and past CEO and president 
of the Quebec Association of Speech-language Pathologists and 
Audiologists (QASLPA) from 2011-2014.  
 
Philippe’s research has been dedicated to improve diagnostic 
measures and therapy options for tinnitus and hyperacusis. Philippe 
also has previous experience as a clinician in a private practice setting 
in Montreal and as audiology clinical instructor for the audiology clinic of 
the Université de Montréal. 
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Who is this guy? 

�  Clinical audiologist  
¡  Private practive Montreal 
¡  Tinnitus, hyperacusis, hearing loss 

�  Researcher 
¡  Tinnitus (assessment & treament) 
¡  Hyperacusis (assessment & treatment) 
¡  Otalgia, acoustic shock 
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Force-choice pitch matching 

 
•  Good side 

•  Can be done with an audiometer 
•  Can be helpful for the patient  
•  Can be useful for some acoustic treatment 

•  Bad side 
–  Poor test-retest reliability 
–  Difficult for the patient (sometimes frustration) 
–  Requires high-skilled clinicians 
–  Time consuming 
–  More than one frequency composing tinnitus? 
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355 Epidemiology of Tinnitus in Adults

(Fig. 5.5
(<1,500 Hz) tend to have much more severe hearing 
losses, especially in the low frequencies, than do 
patients with higher pitched tinnitus.

Again, it must be emphasized that these data are 
also from tinnitus clinics, thus, only including people 
who have sought professional help. While tinnitus 
does occur in individuals with normal hearing, people 
with tinnitus usually have hearing loss, and deprivation 
of sound activation of the nervous system can cause 
tinnitus by activating neural plasticity, as discussed in 
Chap. 12. However, the prevalence of troubled tinnitus 
does not increase above the age of 65, while audiomet-
ric hearing loss does continue to increase with age 
above 65.

The fact that tinnitus cannot be measured objec-
tively as can hearing loss means that comparing tinni-
tus with audiometrical hearing loss may be regarded to 
be an invalid comparison. However, as seen in Fig. 5.3, 
the subjective trouble with hearing also increases with 
age while the prevalence of tinnitus is not changing 
above the age of 65. This could be because the debut of 
tinnitus above that age is rare or that some individuals 
who had tinnitus before the age of 65 improve and that 
counteracts an increase in the new cases of tinnitus. 
This question cannot be answered because the natural 
history of tinnitus is poorly known. Studies that have 
concerned the natural history of tinnitus have only 
reported on the presence of the dis order, not its sever-
ity [20, 21, 22] or how the individuals perceive their 
tinnitus. There are two reasons why the prevalence of 
tinnitus may be higher in a population of individuals 
with hearing loss. One reason is that hearing loss 
implies a certain degree of deprivation of input to the 
auditory system (see Chap. 11), which is known to be 
able to activate neural plasticity, and known to be 
involved in many forms of tinnitus (see Chaps. 12 and 
13). Another reason that there may be a relationship 
between the prevalence of tinnitus and hearing loss is 
that the same factors that cause hearing loss may cause 
tinnitus. Such common factors may be age, cardiovas-
cular disorders, and noise exposure.

When the kind of tinnitus individuals with hearing 
loss have is correlated with the shape of their audio-
grams, it follows that there are distinct correlations 
between the pitch of an individual’s tinnitus and the 

Fig. 5.4 Mean hearing thresholds in the right ear for female and 
male patients with tinnitus. Data are from patients who attended 
a tinnitus clinic. From Henry et al. [19]

Table 5.4 

Age Male (%) Female (%)

18–24 4.3 5.2
25–24 5.8 6.2
45–64 10.6 9.5
65+ 12.3 13.9

function of age, sex, and percentage of each characteristic in the 
population; based on the 1990 Hearing Supplement to the 

Reed [4]

Fig. 5.5 Mean hearing threshold of the right ear for individuals 
in each group of patients according to the pitch of their tinnitus. 
Data are from patients who attended a tinnitus clinic. From 
Henry et al. [19]

Tinnitus likeness-spectrum 

between trials. The frequency associated with each position on
the slider was based on an exponential curve, such that
octaves and semitones were always equidistant in both
directions (similar to how tones are arranged on a piano).
Although the slider’s output is fundamentally quantized by the
position, in practice the 1,024 available positions are so close
together (~0.5 mm per position) that the resulting frequency
output is perceived as changing continuously when the finger
moves between positions. Participants heard the tones
generated by a Fireface sound card through DT 770 Pro/250
headphones, and the sound level was adjusted to a
comfortable level for each participant by the experimenter.

Participants initiated the tinnitus matching trials by pressing
the space bar on a keyboard, and they were asked to use the

slider to match the pitch of their tinnitus. There were three trials
of tinnitus matching, with each trial subdivided into three
different rounds (see Figure 2). In the first round, the range of
the slider was set between 500 Hz and 20 kHz, to capture the
entire possible range of a participant’s tinnitus. Participants
were instructed to find the pitch on the slider that best matched
their tinnitus, and to save their final response and initiate the
following round by pressing the space bar. In the second
round, the range was limited to two octaves around the final
tone chosen in round one, which was centered on the slider,
and participants were again instructed to find the best match
for their tinnitus. Once this tone was chosen, the range in the
third round was limited to one octave around the final tone
chosen in round two, and the tone was once again centered on

Figure 1.  Instructions displayed on the touchscreen for performing tinnitus matching using the likeness rating
method.  Participants initiated a trial by pressing the green button. They had to rate how the tone contributed to their tinnitus on the
10-point scale. Then, they had to match its loudness by moving the gauge on the left side. When this was done, they could press
the red button to initiate the next trial.
doi: 10.1371/journal.pone.0082995.g001

Psychoacoustic Tinnitus Assessment
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Spectrum pitch matching 

 
•  Good side 

•  Controlled by the patient (may decrease frustration) 
•  Test a lot of different frequencies 
•  Provide a spectrum rather than one single frequency  

•  Bad side 
–  Not commercially available 
–  What to do with all of these information's? 
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Loudness	matching	
	

Technique:	
¡  ConSnuous	presentaSon	(ex:	potenSometer)	
¡  Passive	method	vs.	AcSve	method	

Difference	between	methods:	
¡  at	the	Snnitus	predominant	pitch	?	
¡  For	every	frequency	?	
¡  In	a	region	with	NH	(ex.	1	kHz)	?	
¡  Ipsilateral	vs.	contralateral	

30 
TIN 

Tinnitus frequency: 4000 Hz 

♪	♪	

Tinnitus predominant frequency: 4000 Hz 
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31 
TIN 

Tinnitus frequency: 4000 Hz 

♪	♪	

Tinnitus predominant frequency: 4000 Hz 
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TIN 

Tinnitus predominant frequency: 4000 Hz 
Tinnitus loudness at predominant frequency: 20 dB SL  
Tinnitus loudness at 500 Hz: 40 dB SL  
 

TIN 

Tinnitus loudness 

FIGURE 5 | Testing time for the subgroup Tinnitus with hearing loss 
using the Touchscreen or Stand-alone device. Individual data are shown.FIGURE 4 | Testing time (SD) for the two methods and the two groups 

according to the order of presentation (Touchscreen or Stand-alone 
first).

FIGURE 3 | Tinnitus spectrum (likeness ratings and loudness matches) for the Tinnitus (A) and the Simulator (B) groups (SEM).
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Hébert and Fournier A New Tinnitus Assessment Technology

Frontiers in Neurology | www.frontiersin.org February 2017 | Volume 8 | Article 38

with Simulators having higher loudness matches (mean: 18 dB 
SL) than the Tinnitus participants (mean: 6.8 dB SL).

Predominant Pitch vs. Loudness as 
Predictors of Having Tinnitus
The logistic regression model taking tinnitus predominant pitch 
and loudness (in dB SL) at the tinnitus predominant pitch as 
predictor variables for the likelihood of having tinnitus was sig-
nificant for the Touchscreen, χ2(2) = 6.855, p = 0.032. The model 
explained 27.2% (Nagelkerke R2) of the variance and correctly 
classified 70.0% of cases, with 73.3% sensitivity (i.e., correctly 
classifying tinnitus participants in the Tinnitus group) and 67.7% 
specificity (i.e., correctly classifying Simulators in the Simulator 
group). This model only included loudness as a significant predic-
tor (p = 0.062), and not pitch (p = 0.90): lower loudness values 

were associated with greater likelihood of having tinnitus. A very 
similar pattern was found for the Stand-alone, χ2(2)  =  7.261, 
p = 0.026. The model explained 28.7% (Nagelkerke R2) of the vari-
ance and correctly classified 73.3% of cases, with 73.3% sensitivity 
and 73.3% specificity. Likewise, the model only included loudness 
as a significant predictor (p = 0.064), and not pitch (p = 0.48): 
lower loudness values were associated with greater likelihood of 
having tinnitus. Running the same analyses taking only the first 
two instances rather than three yielded basically the same pattern 
of results.

DISCUSSION

The two methods examined here performed very similarly for 
participants with tinnitus as well as for participants simulating 
having tinnitus. Indeed, both methods produced replicable tin-
nitus spectrum, with similar likeness frequency ratings and very 

Hébert	et	Fournier	(2017)	

Tinnitus	Masking	

 
-  Minimum Masking level 

-  The minimum level of a sound required to just mask 
the tinnitus 
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TIN 

Tinnitus frequency: 4000 Hz 
Tinnitus loudness: 20 dB SL  

White Noise 

Tinnitus predominant frequency: 4000 Hz 
Tinnitus loudness at predominant frequency: 20 dB SL 
Minimum masking level (WN) : 50 dB SL  
  

36 

TIN 

Tinnitus frequency: 4000 Hz 
Tinnitus loudness: 20 dB SL  

MML 

Narrowband noise 

Tinnitus predominant frequency: 4000 Hz 
Tinnitus loudness at predominant frequency: 20 dB SL 
Minimum masking level (NBN 4 kHz) : 25 dB SL  
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TIN 
MML 

Tinnitus predominant frequency: 4000 Hz 
Tinnitus loudness at predominant frequency: 20 dB SL 
Minimum masking level (NBN 4kHz) : 25 dB SL  

Tinnitus masking 
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Residual Inhibition 
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timbre of the tinnitus. For tinnitus loudness matching,
a target sound at the tinnitus frequency was presented
at a low intensity level (around threshold) and was
increased by 3 dB steps until the level of the sound and
the tinnitus were judged similar by the patient.

MMLs and minimum residual inhibition levels. The MML and
minimum residual inhibition level (MRIL) were assessed
using the same stimulus sequence made of pulsed broad-
band or narrowband noises (1 or 1/3 octave width, in
Marseille and Lyon, respectively). The idea behind this
new approach was to replace a measurement of RI dur-
ation after a prolonged presentation of a noise by the
measurement of an intensity level producing RI for a
fixed period of time (Figures 1 and 2). Indeed, the classic
method consisted of measuring the time needed for the
tinnitus to reappear after the cessation of a 30 or 60 s
noise presentation (broadband or a narrowband) at an
intensity of 10 dB above the MML (Figure 1). In the new
method, the acoustic sequence made of pulsed acoustic
stimulation of fixed duration and fixed interstimulus
intervals were first used to measure MML (Figure 1).
First, the level of the stimulus was presented at low but
audible levels and was then raised by 3 dB steps until the
tinnitus was masked during the stimulus presentation

(Figure 1). Second, the level of the stimulus was further
raised by 2 or 3 dB steps until the tinnitus was suppressed
during the silent interval, between the acoustic pulses
(Figure 2). For the Lyon site, the duration of the stimu-
lation was kept constant at 2 s and the silent intervals at
1 s (rise/fall time 0.4 s). For the Marseille site, the effects
of several parameters on the MML and MRIL, such as
the duration of the stimulation (1, 3, or 5 s), were inves-
tigated. However, the silent intervals were always kept
constant at 0.5 s (rise/fall time was 0.5 s; Figure 2).

Procedure

The tinnitus assessment took place in a sound booth at the
Lyon site and in a quiet medical office at theMarseille site.
The typical assessment session usually started with HT
evaluation for both ears from 0.25 to 16 kHz for the
Marseille site and 0.25 to 12.5 kHz for Lyon site before
the tinnitus psychoacoustic measures were assessed.

Marseille site. Patients were asked, before and after the
assessment, to rate the loudness of their tinnitus on a
visual analogue scale (VAS) ranging from 0 (Inaudible)
to 10 (maximum loudness). The session started with psy-
choacoustic measurements of tinnitus pitch and loudness

Figure 1. Schematic of the classic (continuous noise) versus the new method of RI (pulsed noise). In the classic method, a noise either
broad or narrowband is presented for 1 min at 10 dB above the minimal masking level. The time for the tinnitus to reappear (T1) and
return to its initial stage (T2) is measured after the cessation of the noise. In addition, the patient can be asked to rate on a visual analog
scale the depth of the inhibition. In the new method, the silent intervals are fixed at 1 s. The MML is obtained by raising the intensity of the
pulse noise until the tinnitus is masked during the stimulation. The MRIL is obtained by further increasing the stimulation until the tinnitus is
suppressed during the 1-s interval of silence (the dark gray line indicates tinnitus loudness decreasing as the stimulation intensity increases).
RI¼ residual inhibition; MML¼minimum masking level; MRIL¼minimum residual inhibition level.

4 Trends in Hearing
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TIN 

Tinnitus frequency: 4000 Hz 
Tinnitus loudness: 20 dB SL  

White Noise 

Tinnitus predominant frequency: 4000 Hz 
Tinnitus loudness at predominant frequency: 20 dB SL 
Minimum masking level (WN) : 35 dB SL  
Residual inhibition: Positive tinnitus disappeared for 25 sec 
  

Minimum masking level and Residual 
Inhibition 
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New method for MML and RI 
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followed by the measurements of MML and MRIL
(obtained from ascending and descending procedures)
using broadband noise at three different durations of 1,
3, or 5 s. The ascending MRIL is simply the MRIL
obtained from an ascending procedure. For the descend-
ing MRIL, the level is raised by þ6 dB from the ascend-
ing MRIL and then decreased by 3 dB steps until the
tinnitus reappears during the silent periods (Figure 2).
The descending MRIL indicates the last intensity value
for which the tinnitus is suppressed during the silent
periods. The descending MRIL was assessed to investi-
gate a putative hysteresis of tinnitus suppression when
the level was increased. Then, the MML andMRIL, with
a 3-s stimulation only (3 dB steps), were also measured
with a narrowband noise centred at three different fre-
quencies: the tinnitus frequency, a frequency within the
slope of the hearing loss, and a frequency outside of
the hearing loss region. The frequency of the slope of
the hearing loss was chosen by visual inspection for
each individual patient audiogram. A hearing loss
slope was present mostly for patients with presbycusis.
For most cases (n¼ 46), the chosen frequency was
between the cutoff frequency and the first frequency
that reached a difference threshold of 515 dB and equal-
led the threshold of the cutoff frequency. The frequency
4 kHz was chosen when no frequency slope could be
clearly determined visually. The frequency outside of
the hearing loss region was generally 1 kHz or lower
when the threshold was in the hearing loss range at
1 kHz. Finally, the MML and MRIL were tested with
1 and 5 s of stimulation at the center frequency with the

best inhibition (i.e., the lowest MRIL level in dB SL)
using the 3-s stimulation. The maximum intensity value
set for the MML or the MRIL was 95 dB sound pressure
level (SPL) for all the conditions obtained in Marseille.
More so, for MRIL ascending, the level was raised until
the tinnitus completely disappeared in the silent intervals
or until the maximum stimulation value was reached. In
the latter case, the patient was asked to rate the loudness
of the tinnitus on the same VAS as the one used at the
beginning of the experiment. In the case where the RI
persisted after a condition was performed, a short break
of a few minutes was given to the patient for the tinnitus
to come back to normal levels (i.e., prestimulus intensity
level). A VAS was used to validate the return of the tin-
nitus intensity to a normal level. If the tinnitus did not
reappear after the short break, these measurements were
stopped. The complete assessment of all measures usu-
ally lasted around 45min. Still, some patients did not
complete all the conditions because of time constraints,
lack of motivation, or fear of worsening their tinnitus.
Finally, at the end of the session, the patients were pre-
sented again with the four different centred noise pulsed
stimulations (broadband, tinnitus frequency, frequency
of the HL slope, and outside the HL region) at an aud-
ible level, and they were asked the question: If you had to
hear one sound for several hours a day for several weeks
in the context of a treatment, which one would you
prefer between those four sounds?

Lyon site. For the Lyon site, the pulsed acoustic stimula-
tion of fixed duration (2-s stimulation and 1-s silent

Figure 2. Schematic of the MML and MRIL experimental procedure at the two testing sites (Marseille and Lyon). Marseille (left panel):
The sound level is first raised until the MML is reached (i.e., when the tinnitus is not perceived during the noise stimulation). Then, the level
is raised again until the tinnitus is not perceived during the 0.5-s silence intervals (MRIL ascending). After the RI is reached, an additional
6 dB is added to the MRIL ascending value, and the level is decreased until the tinnitus barely reappears in the 0.5-s silence intervals (MRIL
descending). Lyon (right panel): The sound level is first raised until the MML is reached. Then, the level is raised again until the tinnitus is not
perceived during the 1-s silence intervals. Finally, the level is raised further until the patients report that the stimulus sequence produces
discomfort (loudness discomfort level).
MML¼minimum masking level; MRIL¼minimum residual inhibition level; RI¼ residual inhibition.

Fournier et al. 5
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Participants 
44 

Marseille site Lyon site 

n = 34  
 

mean age: 50.6, SD: 12.9  
 

Bilateral tinnitus mostly 
(Bilateral, n=27, Unilateral n = 7)  

 
 
 
 

Goal:  
Explore the effect of stimulus duration 

and spectrum of the new method  

n = 34 
 

mean age: 58, SD: 14.3  
 

Unilateral tinnitus only 
 
 
 
 
 

Goal :  
Validate the clinical application of the 

new method 

Methods 

Both sites 
�  Hearing test (.25 to 12.5 kHz) 
�  Tinnitus pitch and loudness matching  
�  MML (new method) 
�  MRIL (new method) 

Lyon site only 
�  Loudness discomfort levels 
�  Classical RI testing  

45 

 C H A R A C T E R I S T I C S  O F  M M L  A N D  M R I L 
 
 

D I S T R I B U T I O N   

Results 
46 

�  A total of 68 tinnitus patients tested : 
¡  Total MML :  (n=67) 98.5 % 
¡  Total MRIL : (n=59) 86.7 % 

�  Residual inhibition was categorized as follows: 
¡  Complete inhibition                         69.1 % 
¡  Partial inhibition                              11.8 % 
¡  Persistent inhibition                        5.8 % 
¡  Increase tinnitus loudness             5.8 % 
¡  Chante in tinnitus pitch                  2.9 % 
¡  Others (n=3)                                     4.4 % 

47 

Fournier, et al. (2018) Trends in Hearing 

Distribution 

I N D I V I D U A L  C A S E S 

Results 
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MML & MRIL : Individual data 
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MML 
MML MML MML 

MRIL MRIL MRIL MRIL 

LDL 
LDL LDL LDL 

TIN 

M M L  &  M R I L  A P P L I E D   
T O  D I F F E R E N T  H E A R I N G  L O S S  C O N F I G U R A T I O N S   

Results 
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A) Hearing thresholds 
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B) Normal hearing  (n= 5) D) Flat hearing loss (n=8) 
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C) Presbyacusis hearing loss (n=19) 

R E L A T I O N S  B E T W E E N  M M L  &  M R I L   

Results 
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