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Assessment of Noise Sensitivity in Migraine
Patients

ABSTRACT

Background: Noise andlightsensitivitiesare typical symptoms for migraine attacktype
headaches. Sometimes, these sensitivities can be observed without these attacks as
well. The purpose of this study was to analyze sensitivity to noise in migraine patients.

Method: In the study, 30 patients with no hearing loss who were being followed-up
for their migraine illness, and 30 patients with similar demographic characteristics
who did not have migraine, were included. The patients were given a hearing test and
their hearing thresholds were determined. All of the patients were administered the
Weinstein Noise Sensitivity Scale. The demographic data and noise sensitivity levels
of the 2 groups were compared.

Result: The mean score on the Weinstein Noise Sensitivity Scale was observed as
89.47 + 14.66 in the group without migraine, and as 93.34 + 12.61 in the group with
migraine. Although there was no statistically significant difference between the
mean scale scores of 2 groups, the mean result of migraine group was found higher in
migraine group. When 2 groups were compared with respect to the noise sensitivity
subgroup, which has 99 and higher scores, the migraine group was found to be statisti-
cally different from control group.

Conclusion: It was observed in this study that migraine patients experience noise sen-
sitivity even without acute attacks. It is considered that preliminary information can
be obtained about how the auditory and sensory pathways are affected in migraine
patients, by using scales, similar to the noise sensitivity scale.
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INTRODUCTION

Noise is defined as unwanted sound. Sounds which have the same acoustic properties
can be perceived as "nice” by some people and as 'noise’ by others. Due to genetic and/
or familial reasons, some individuals develop a noise adaptation disorder, and sensitivity
develops as a consequence. This is defined as subjective noise sensitivity. Although it has
been shown that subjective noise sensitivity has nothing to do with an individuals’ hearing,
arelationship has been found between individuals' behavioral differences, their tendency
toward certain psychological states, and their negative perception of their health."?

Different studies have shown that getting annoyed due to loud sounds is an indication of
noise sensitivity. It has been reported that patients who have had head trauma, migraine
headaches, facial paralysis, otologic infections, and surgical interventions such as stape-
dectomy also have loud-noise sensitivity (hyperacusis).?*

The relationship between noise sensitivity, hyperacusis, and phonophobia has still not
been clearly shown. However, there is a relationship between noise sensitivity and some
behavioral characteristics, psychiatricillnesses, weak perception of health, and social dif-
ferences. It has been shown that patients who have noise sensitivity are more sensitive to
environmental stimulants as well.# It has been shown in various studies that these patients
are more susceptible to neurosis, depressive symptoms, and psychological problems.?#

It has been shown that noise sensitivity has an inverse relationship with the quality of life
scores. In addition, ithas been shown that the noise sensitivity levelisrelated to mental and
physical health.?* Therefore, the level of noise sensitivity can be accepted as a marker for
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individuals' perception of health and their tendency to psycho-
logical problems, in addition to being an identifying marker for
the problem caused by sound.

Migraine is a condition which is marked by headache attacks,
and is accompanied by nausea, vomiting, photophobia, and
phonophobia. The prevalence of migraine in the general popula-
tion varies between 6% and 16%. It is observed 2.5 times more in
women compared to men.¢

In migraine patients, the most studied and known subject in
terms of audio vestibular involvement is the effects on the ves-
tibular system. In particular, as the awareness of vestibular
migraine increases, the accumulation of knowledge on vestibu-
lar migraine increases as well. However, effects on the auditory
system should not be ignored despite the vestibular system's
more frequentinvolvementin migraine patients. During attacks,
phonophobia is known to be the most frequent auditory symp-
tom. As aresult of the auditory path getting affected in migraine
patients, symptoms such as hearing loss, tinnitus, sudden hear-
ing loss, and difficulty in discriminating sound can be observed
as well. As a consequence of these effects, it is reported that
auditory brain stem responses are impaired.” In clinical practice,
the intolerance to noise is considered to be among the most fre-
quently experienced problems that migraine patients face in
daily life.?

Migraine is generally related to symptoms of depression and
anxiety, and the intensity of this relationship is in direct pro-
portion to the frequency of headaches. In addition, the anxi-
ety and/or depression which may develop in migraine patients
exacerbate the condition’s effects on the individual. Depression
is also accepted as a risk factor in terms of chronic migraine
progression.®?

The noise sensitivity scale developed by Weinstein has been used
widely to assess individuals’ sensitivity to noise. This scale has
been translated to Turkish by Yildizetal.," andithas been tested
for validity and reliability.

The purpose of this study is to assess noise sensitivity, which is
one of the predictive factors of the auditory path being affected
in migraine patients, during the periods between attacks.
Weinstein's Noise Sensitivity Scale was used for this assessment.

METHODS

The ethical board's approval for the assessment of noise sen-
sitivity in migraine patients was obtained from the Mugla Sitki

MAINPOINTS

e The higher sensitivity to noise in migraine patients may
be an important indicator of the impact of migraine on
their quality of lifeThe decrease in the quality of life of
migraine patients may trigger or increase psychological
problems, including anxiety and depression.

e Increased sensitivity to noise in patients with migraine
may be a warning symptom of auditory pathway
involvement.

m

Kocman University Clinical Research Ethical Board, dated
December 27,2018, and numbered 22/1X. According to the guide-
lines of the ethics committee, we accepted and complied with
the Declaration of Helsinki. The study was carried out between
January, 2020 and January, 2021. Consent forms were obtained
from all the patients.

Thirty patients diagnosed with migraine (with aura or without
aura) by the department of neurology, whose follow-up contin-
ues, were included in group 1. For group 2, 30 healthy volunteers
with similar demographic characteristics were included. Since
migraine is seen more in women, and the previous studies did
notreport gender differences in subjective noise sensitivity, only
female patients and volunteers were included.

All of the patients and volunteers were questioned about hear-
ing loss prior to being included in the study. All patients under-
went an otologic examination by a senior otorhinolaryngologist.
The hearing thresholds of all patients were evaluated through
pure-tone audiometric analysis (Interacoustics AC-40 clinical
audiometer, Assens, Denmark) by a senior audiologist. Both air
and bone conduction thresholds were determined. A senior neu-
rologist diagnosed the migraine, and also guided the treatment
and follow-up for all the patients.

Those with a history of hearing loss, and those who were deter-
mined as having hearing loss in the audiometric analysis were
excluded. Moreover, patients who had a history of otologic or
neurological surgery were excluded from the study. Patients who
used medications for any chronic disease other than to treat
acute migraine attacks, were also excluded for potential effects.

The participants in the study and control groups were adminis-
tered the Weinstein Noise Sensitivity Scale. The demographic
data and the noise sensitivity levels of both groups were com-
pared. The Weinstein Noise Sensitivity Scale consists of 21 ques-
tions to assess the effect of noise on anindividual. Depending on
the agreement or disagreement with each question, the partici-
pant is asked to give scores from 1to 6. After the evaluation of
each question, the scores are added together and a total score
between 21and 126 is achieved. In this study, the subjects’ scores
of 99 and above were compared, as 99 was determined as the
noise sensitivity threshold between the 2 study groups, both in
group differences and in the Turkish adaptation study.

The statistical evaluation of the data was done with Statistical
Package for the Social Sciences (SPSS) version 25.0 (IBM SPSS
Corp.; Armonk, NY, USA). The data showed normal distribution.
The Kolmogorov—Smirnov test was used to assess the distribu-
tion. Descriptive statistics were used for average age, audio-
logical pure-tone average, and scale-score average. Numerical
variables that followed parametric assumptions were compared
using the independent-samples t-test, and categorical vari-
ables were compared using the chi-square test. The significance
level was accepted as P < .05in all statistical analyses.

RESULTS

While the age average of group 1was determined as 39.04 + 8.05,
the age average of the group 2 was determined as 34.6 + 8.62.
A statistical difference between the groups was not observed in
terms of age (P=.07).
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The bone conduction thresholds of group 2 were 5.86 + 1.93 dB
in the right ear, and 5.65 + 1.72 dB in the left ear. The pure-tone
average of air conduction thresholds in group 2 was determined
as 913 +£2.88 dB in the right ear and as 8.69 + 2.24 dB in the left
ear. In group 1 bone conduction thresholds of right ear was
7.21+3.21dBandleftearwas6.08+210dB.Ingroup 1, the aircon-
duction pure-tone average was determined as 10.78 + 3.30 dB in
therightearand as 10.65 + 312 dB in the left ear. A statistical dif-
ference was not observed between the groups in terms of pure-
tone threshold. (air conduction thresholds: right ear, P=14; left
ear, P=.059; bone conduction thresholds: right ear, P=.058; left
ear, P=.71)

As a result of Weinstein Noise Sensitivity Scale scores, while the
score of group 2 was determined as 89.47 + 14.66, the score of
group Twasdetermined as 93.34 +12.61. It was observed that the
difference between the groups was not statistically significant
(P> 19).

The results of the scale were evaluated in the form of questions
(Figure 1). The results of the scale, when applied to the migraine
patients, revealed that while an average of 5 points and above
were achieved in 7 questions, between 4 and 5 points were
achieved for 12 questions, between 3 and 4 points was achieved
for 1question, and less than 3 points was achieved for 1question,
out of the total of 21 questions. When the scale was applied to
the healthy participants, the scores achieved were an average
of 5 points and above for 2 questions, between 4 and 5 points for
10 questions, and between 3 and 4 points for 7 questions.

While the number of subjects with a threshold of 99, which was
determined as the noise sensitivity threshold in the Turkish adap-
tation study, and over 99 was determined as 52.17% in group 1, it
was determined as 21.73% in group 2. A statistically significant
difference was found between the 2 groups (P=.033)

DISCUSSION

Migraine has different sub-types, depending on the accompa-
nying symptoms and involvement areas. Menstrual migraine,

hemiplegic migraine, vestibular migraine, and abdominal
migraine can be listed among these types. According to the
latest ICDH-3 (The International Classification of Headache
Disorders) classification, temporary neurological symptoms
related to brain stem involvement were classified as a separate
aura type. In the past, these symptoms were defined as basilar
migraine, and it was considered that the symptoms were related
to basilar artery involvement. With the new classification,
among the symptoms related to brain stem involvement and
defined as aura are: dysarthria, vertigo, tinnitus, hearing loss,
diplopia, ataxia, and decrease in level of consciousness.” When
the frequency of symptoms related to brain stem involvement
were evaluated, it was determined that there were differences
at the rate of 70% for vertigo, 46.9% for diplopia, 42.1% for tin-
nitus, 36.8% for dysarthria, 32.9% for ataxia, 25.4% for conscious-
ness level, and 23.7% for impairmentin hearing.”

As it is known, audio vestibular symptoms can sometimes be
observed during the attacks and sometimes between the
attacks, in migraine patients. Hamed et al.”® have determined
phonophobiacomplaintsin about21% of the 58 subjects who had
migraine with aura and without aura, and tinnitus complaints in
14%, and achieved normal pure-tone audiogram and immittance
findings in the basic audiological evaluation compared to the
control group. However, anomalies were found in the electro-
physiological auditory tests of about two-thirds of the subjects
with migraine in this study. When compared with the control
group, apparentdifferences were found between the otoacous-
tic emission amplitudes in subjects that had migraine with aura
and the auditory brainstem response (ABR) latencies of subjects
that had migraine without aura.®Similar findings were published
by Bolay et al.™ as well. In Bolay et al.'s' study, differences were
also found in the contralateral suppression, which shows the
control of upper centers on the cochlea, and it was suggested
that this might be the reason for phonophobia in migraine. The
researchers in these 2 studies have suggested that the anoma-
lies determinedin the otoacoustic emissions (OAE) and ABR vari-
ables might either be an indication of auditory dysfunction in
migraine or animpairmentinthe central processing mechanisms

123 45 6 7 8 910111213 14151617 18 19 20 21

® Control Group ™ Migraine Group

Figure 1. The average values of the Weinstein Noise Sensitivity Scale questions for migraine patients with normal hearing, and
healthy volunteers (X axis: question number, Y axis: the average value of the question).
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in migraine.™ In this study, the apparent high rate in terms of
the number of subjects, both, in the difference in group aver-
ages according to the control group, and in the upper group
noise sensitivity threshold between subjects with migraine (it
was determined as 99 for Turkey),'® supports this result.

Phonophobiain migraine patients, in particular during an attack,
is an observed symptom and it generally creates a discomfort in
proportiontotheintensity of the headache. The affected patho-
physiological region of sound sensitivity observed in migraine
patients has not clearly been shown yet. As a result of repeating
migraine attacks, increased activity in the brain stem and tri-
geminal pathway isone of the suggested hypotheses.” However,
there are also hypotheses which suggest that the sensitivity is
cortical in origin, and a decrease in phonophobia in 64% of the
patients together with a decrease in migraine attacks as aresult
of transcranial magnetic stimulation of the cortical areas sup-
port this hypothesis."

Hyperacusis is in particular observed in chronic pain syndromes
where sensorial processing is impaired. Some similarities have
been suggested between sound sensitivity and the development
of pain.” It is known that all sensory input, with the exception of
the sense of smell, passes from the thalamus before spreading to
the cortex. The importance of sensorial processing impairment
in migraine has been shown in previous studies. The impairment
of the cortical inhibitor effect, which is effective on the audi-
tory pathway, as a result of the impairment of thalamus—cortex
interaction in migraine patients, can also affect the sensorial
processing period.™

However, the connections between the thalamus and the amyg-
dala are important in terms of hyperacusis development in
migraine patients, and the discomfort that results. The projec-
tions of the amygdala on the hippocampus can have an effecton
sound sensitivity and on the avoidance behavior which develops
as aresult of this. The amygdala, which is stimulated by sensorial
signals not processed by the subcortical or higher cortical struc-
tures, can cause excessive negative emotional reactionsinduced
by sound, just like in cases of anxiety and agitation.™”

Although mechanisms of sound sensitivity in migraine patients
cannot clearly be presented, the amygdala and hippocampus
can be counted among the areas in which psychological stress
develops during this process. The amygdala is warned about
dangers under normal conditions and is effective on the physi-
ological changes in this process. Basically, hippocampus is effec-
tive during the processing of memory, stress, and emotions.
Therefore, in order to reduce exposure to stressful and noisy
environments, it facilitates learning avoidance behaviors.?®

Another area which can be effective in the pathophysiologi-
cal mechanism is the locus coeruleus. This is an important area
located in the brain stem and is also the noradrenalin center
in the central nervous system. The noradrenergic projections
resulting from this area are important for the auditory pathway.
Noradrenergic stimulation shown both in the cochlea and the
brain stem modulate the auditory pathway, and the increased
noradrenergic stimulation arising from this area can cause sound
sensitivity and discomfort. However, connections between the

13

locus coeruleus and the amygdala can cause depressive and
emotional effects to develop in this process.”?!

Although phonophobia is observed during attacks in migraine
patients, we evaluated the subjective noise sensitivity which is
regarded as a personal characteristic in subjects with migraines
with aura and without aura, between attacks, and found it to be
significantly higher compared to the control group. According to
our knowledge, this study is the first in the literature to analyze
the relationship between migraine and subjective noise sensitiv-
ity in normal hearing patients. Although the number of subjects
in this study was small, a clear finding emerges that subjective
noise sensitivity in patients with migraine is higher. In the litera-
ture, the relationship between phonophobia or hyperacusis and
subjective noise sensitivity has not been shown yet. In a single
study carried out on people who had been subjected to long-
term small doze of chemical exposure, while a relationship was
not found in the control group, a significant relationship was
found in the exposed individuals.?? In the past studies, no signifi-
cant auditory difference was found in individuals with subjec-
tive noise sensitivity. If future studies support the findings of this
study, the subjective noise sensitivity scale will allow us to evalu-
ate and follow-up migraine subjects independent of hearing loss
and other cochlear symptoms. In this study, the detailed elec-
trophysiological evaluation and long-term follow-up of patients
diagnosed with noise sensitivity were the negative aspects.
These need to be prioritized in future studies. More advanced
studies have been planned to fulfill this need. Another reason
why electrophysiological evaluations were not performed is
the pandemic conditions. Since evaluation through these tests
required a long time in closed environments, such evaluations
could not be done under pandemic conditions.

The Weinstein Noise Sensitivity Scale was analyzed for each
question in both groups. In particular, when 7 questions which
received 5 points and above in the migraine group were ana-
lyzed, it was observed that the psychosocial consequences
caused by migraine greatly influence the individual's daily life.
In the scale used to evaluate the migraine patients, the partici-
pants expressed the following about what caused them the most
discomfort “If my apartmentis good, | would not mind livingon a
noisy street,” “Noise easily wakes me up,” "If the apartment you
are thinking about renting is across the fire station, would that
bother you?” "Sometimes noise irritates me and causes discom-
fort,” and “People who make noise when I'm about to sleep or
while I'm working drive me crazy.” In this context, the question
which received a maximum of 2 points was related to the kind
of an environment in which the individuals wished to live, and
the how decisions made in accordance with this can affect the
individual's life as well. However, according to the noise sensitiv-
ity scale applied to the migraine patients, it was observed that
music and sounds other than speaking in daily life do not nega-
tively affect them too much.

When the scale results of the healthy volunteers who were
included in the study were analyzed, it was observed that the
subjects were annoyed with intense/loud noise (such as motor-
cycle noise). It was observed in this group as well that listening
to favorite music while trying to concentrate on work does not
bother them. This finding, observed in both groups, shows us
that the perception of speech and the perception of music can
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be effective on different pathways. More advanced studies are
needed on this topic.

Just like the rest of the world, our country has been living under
pandemic conditions since March 2020. Our daily life and edu-
cational processes have been affected, besides giving way to
certain arrangements to be done in the area of health. While
health-related processes such as telerehabilitation, and remote
consultancy services became more popular, it is attempted to
have shorter contact durations for both the patients and the
institutions providing health services. In this regard, stimulat-
ing tests gain importance in terms of simple, easily applicable
and required advanced studies used for migraine patients with
vestibular symptoms or without these symptoms. If there is noise
sensitivity in patients who are diagnosed with migraine at the
end of a study and if they are in their proper treatment and fol-
low-up periods, then future studies should prioritize determin-
ing whether there are clinical differences, in particular cochlear
symptoms which may occur in the beginning stage.

CONCLUSION

In the study, it was determined that the noise sensitivity level
in migraine patients who do not have hearing loss differs sig-
nificantly in comparison to healthy individuals. Although this
finding is related to migraine patients having a negative health
perception about themselves, being more sensitive to the envi-
ronment, being more susceptible to depression and anxiety and
the existence of some social behavioral disorders, it may also be
related to the effects on the sensorial pathway. Even if migraine
patients who have noise sensitivity do not have any hearing loss,
it is important that they are followed-up in terms of cochlear
symptoms and the evaluation of different variables of clinical
migraine. There is a need for further studies in this area to sup-
portindividuals with this condition.

Ethics Committee Approval: Ethical committee approval was received
from the Mugla Sitki Kocman University Clinical Research Ethical Board,
dated December 27,2018 and numbered:22/1X.

Informed Consent: Written informed consent was obtained from all par-
ticipants who participated in this study.

Peerreview: Externally peer-reviewed.

Author Contributions: Concept — O.G., C.G., Y.K.K., B.C.; Design - O.G.,
C.G,, YK.K., B.C,; Supervision - O.G., C.G., Y.K.K., B.C.; Resource - O.G.,
C.G., Y.K.K,, B.C.; Materials - 0.G., C.G., Y.K.K., B.C.; Data Collection and/
or Processing - O.G., C.G., Y.K.K.; Analysis and/or Interpretation - O.G.,
C.G., Y.K.K.,B.C.; Literature Search- 0.G., C.G., Y.K.K.,B.C.; Writing- O.G.,
C.G., Y.K.K.,B.C.; Critical Reviews - O.G., C.G., Y.K.K., B.C.

Disclosure: This manuscript was presented in the Turkish National
Otorhinolaryngology Head and Neck Surgery Congress 2020, as an oral
presentation.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no
financial support.

REFERENCES

1. Weinstein ND. Community noise problems: evidence against adap-
tation. J Environ Psychol. 1982;2(2):87-97. [CrossRef]

14

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Stansfeld SA, Clark CR, Jenkins LM, Tarnopolsky A. Sensitivity to
noise in a community sample: I. Measurement of psychiatric disorder
and personality. Psychol Med. 1985;15(2):243-254. [CrossRef]

van Kamp |, Davies H. Noise and health in vulnerable groups: a
review. Noise Health. 2013;15(64):153-159. [CrossRef]

Belojevic G, Jakovljevic B. Factorsinfluencing subjective noise sensi-
tivity in an urban population. Noise Health. 2001;4(13):17-24.
Schreckenberg D, Griefahn B, Meis M. The associations between
noise sensitivity, reported physical and mental health, perceived
environmental quality, and noise annoyance. Noise Health.
2010;12(46):7-16. [CrossRef]

Stang P, Sternfeld B, Sidney S. Migraine headache in a prepaid health
plan: ascertainment, demographics, physiological, and behavioral
factors. Headache. 1996;36(2):69-76. [CrossRef]

BayazitY, YilmazM, Mumbug¢ S, Kanlikama M. Assesment of migraine-
related cochleovestibular symptoms. Rev Laryngol Otol Rhinol.
2001;122(2):85-88.

Karimi L, Crewther SG, Wieratne T, et al. The prevelance of migraine
with anxiety among genders. 2020;11:569405.
[CrossRef]

Irimia P, Garrido-Cumbrera M, Santos-Lasaosa S, et al. Impact of
monthly headache days on anxiety, depression and disability in
migraine patients: results from the Spanish Atlas. Sci Rep.
2021;11(1):8286.

Keskin Yildiz M, Kemaloglu YK, Tuag Y, et al. Validating the Turkish
version of the Weinstein noise sensitivity scale: effects of age,
sex, and education level. Turk J Med Sci. 2020;50(4):894-901.
[CrossRef]

Headache Classification Committee of the International Headache
Society. The International Classification of Headache Disorders, 3rd
edition. Cephalalgia. 2018;38(1):1-211.

Yamani N, Chalmer MA, Olesen J. Migraine with brainstem aura:
defining the syndrome. 2019;142(12):3868-3875.
[CrossRef]

Hamed SA, Youssef AH, Elattar AM. Assesment of cochlear and
auditory pathways in patients with migraine. Am J Otolaryngol.
2012;33(4):385-394.

Bolay H, Bayazit YA, Gliindiz B, et al. Subclinical dysfunction of coch-
lea and cochlear efferents in migraine: an otoacoustic emission
study. Cephalalgia. 2008;28(4):309-317. [CrossRef]

Sand T, Vingen JV. Visual, lonf-latency auditory and brainstem audi-
tory evoked potentials in migraine: relation to pattern size, stimulus
intensity, sound and light discomfort tresholds and pre-attack state.
Cephalalgia. 2000;20(9):804-820. [CrossRef]

BholaR, Kinsella E, Giffin N, et al. Single-pulse transcranial magnetic
stimulation(sTMS) for the acute treatment of migraine: evaluation
of outcome data fort he UK post market pilot program. J Headache
Pain. 2015;16:535. [CrossRef]

Paulin J, Andersson L, Nordin S. Characteristics of hyperacusis
in the general population. Noise Health. 2016;18(83):178-184.
[CrossRef]

Vuralli D, Evren Boran H, Cengiz B, Coskun O, Bolay H. Chronic
migraine is associated with sustained elevation of somatosensory
temporal discrimination tresholds. Headache. 2016;56(9):1439-1447.
[CrossRef]

Pienkowski M, Tyler RS, Roncancio ER, et al. A review of hyperacusis
and future directions: partll. Measurement, mechanisms, and treat-
ment. Am J Audiol. 2014;23(4):420-436. [CrossRef]

Kraus KS, Canlon B. Neuronal connectivity and interactions between
the auditory and limbic systems. Effects of noise and tinnitus. Hear
Res. 2012;288(1-2):34-46. [CrossRef]

Pattyn T, Van Den Eede F, Vanneste S, et al. Tinnitus and anxiety dis-
orders: a review. Hear Res. 2016;333:255-265. [CrossRef]

Viziano A, Micarelli A, Alessandrini M. Noise sensitivity and hypera-
cusis in patients affected by multiple chemical sensitivity. Int Arch
Occup Environ Health. 2017;90(2):189-196. [CrossRef]

Front Neurol.

core Brain.

entupdatesjournal.org


https://doi.org/10.1016/S0272-4944(82)80041-8
https://doi.org/10.1017/s0033291700023527
https://doi.org/10.4103/1463-1741.112361
https://doi.org/10.4103/1463-1741.59995
https://doi.org/10.1046/j.1526-4610.1996.3602069.x
https://doi.org/10.3389/fneur.2020.569405
https://doi.org/10.3906/sag-1908-44
https://doi.org/10.1093/brain/awz338
https://doi.org/10.1111/j.1468-2982.2008.01534.x
https://doi.org/10.1046/j.1468-2982.2000.00098.x
https://doi.org/10.1186/s10194-015-0535-3
https://doi.org/10.4103/1463-1741.189244
https://doi.org/10.1111/head.12947
https://doi.org/10.1044/2014_AJA-13-0037
https://doi.org/10.1016/j.heares.2012.02.009
https://doi.org/10.1016/j.heares.2015.08.014
https://doi.org/10.1007/s00420-016-1185-8

