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Abstract

Background: Some tinnitus participants habituate to their tinnitus, but some others do not and complain
of its annoyance so much. It has been suggested that tinnitus is a habituation deficit. Habituation and the
ability to ignore a sensory input depend on the normal function of filtering mechanism of sensory gating.

Purpose: The purpose of this study was to compare behavioral aspects of sensory gating in normal and
tinnitus participants to search for the reason why some tinnitus participants habituate to their tinnitus but
some others do not.

Research Design: This investigation was an observational case—control study.

Study Sample: There were 60 tinnitus participants who were categorized into two tinnitus groups (30
compensated tinnitus participants and 30 decompensated tinnitus participants) based on the complaint of
tinnitus annoyance, visual analog scale (VAS) for tinnitus loudness, annoyance, and awareness, scores
on Tinnitus Questionnaire (TQ), and Tinnitus Handicap Inventory (THI). Also, there were 30 normal hear-
ing participants without tinnitus as the normal control group.

Data Collection and Analysis: Sensory Gating Inventory (SGI), TQ, THI, and VAS was obtained from all
participants. THI, TQ, VAS, and SGi total scores and their factors were compared among the groups.
Correlations between SGI scores with THI, TQ, and VAS score were calculated.

Results: The results showed that SGI total score and the scores of its four factors were significantly
higher in decompensated tinnitus participants compared with compensated tinnitus participants and nor-
mal controls. Also, there was a positive correlation between SGI perceptual modulation factor and TQ
emotional distress factor and with the VAS for loudness in decompensated tinnitus group.

Conclusions: These results suggested that tinnitus associated with behavioral aspects of sensory gat-
ing and decompensated tinnitus may be a result of deficient sensory gating.

Key Words: habituation, questionnaire, sensory gating, tinnitus

Abbreviations: ADHD = attention-deficit hyperactivity disorder; ANOVA = analysis of variance; SD =
standard deviation; SGI = Sensory Gating Inventory; THI = Tinnitus Handicap Inventory; TQ = Tinnitus
Questionnaire; VAS = visual analog scale

INTRODUCTION is not annoying for some participants and they habitu-

ate to the tinnitus easily, it is very bothersome for some

innitus is perception of a sound, usually noise- others and involves them emotionally and psychologi-

I like or tonal, in absence of an external physical cally (Andersson, 2002; Kaltenbach, 2006). Tinnitus
sound source (Mgller, 2003). Although tinnitus can be referred to as either middle-ear tinnitus or
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sensorineural tinnitus. In sensorineural tinnitus, some-
thing is establishing abnormal spontaneous nerve ac-
tivity. As represented in the brain, this might be an
increase in activity, synchronous activity across nerve
fibers, or an over-representation of some frequency re-
gion or combinations of these three (Tyler and Erlandsson,
2003). Sensorineural tinnitus participants are catego-
rized into two groups of compensated and decompen-
sated based on habituating to tinnitus. In compensated
tinnitus, participants habituate to the tinnitus and do
not complain of its annoyance. In decompensated tinni-
tus, participants do not habituate to the tinnitus and
complain of its annoyance and tinnitus becomes so both-
ersome that may lead to psychological symptoms such
as depression, anxiety, distress, insomnia, aggression,
concentration problems, and even suicide (Stobik et al,
2005).

Hallam et al (1988) suggested a habituation theory
for tinnitus. According to this theory, suffering and
other complaints to tinnitus are consequences of a loss
of habituation to the repeating and noninformative
sound. Whereas Hallam mentioned only a cognitive
habituation failure, others have tried to validate this
hypothesis by using different psychophysiological
measures with which attention and habituation can
be observed (Carlsson and Erlandsson, 1991; Low
et al, 2007; Strauss et al, 2008). Studies revealed that
tinnitus participants are unable to ignore the sound.
This indicates a diminished orienting reaction to audi-
tory signals by tinnitus complainers (Attias et al, 1995).

Habituation and the ability to ignore a sensory in-
put depend on the normal function of sensory gating
(Dornhoffer et al, 2006). Sensory gating is defined as the
preattentive capability of the brain to recognize signif-
icant or novel sensory input and to modulate its sensi-
tivity to incoming stimuli (Braff and Geyer, 1990). Itis a
filtering mechanism of the central nervous system that
prevents irrelevant sensory inputs from entering into
higher cortex information processing or to respond
when the stimulus changes (Adler et al, 1998). Abnor-
mal function of sensory gating can lead to overloading of
information into higher cortex and brain dysfunction.
This dysfunction is associated with behavioral disor-
ders and psychotic symptoms (McGhie and Chapman,
1961). Sensory gating and sensory memory has been
suggested to be impaired in tinnitus participants
(Walpurger et al, 2003; Mahmoudian et al, 2013; Joos
et al, 2014). The deficient sensory gating function in
thalamus may be responsible for tinnitus phantom per-
cept in distressed participants (De Ridder et al, 2011).

Sensory gating can be measured by electrophysiolog-
ical P50 paradigm (Cromwell et al, 2008) or by Sensory
Gating Inventory (SGI) (Hetrick et al, 2012). SGI as-
sesses clinical and behavioral aspects of sensory gating.
It objectifies the perceptual abnormalities and func-
tional and psychosocial consequences of sensory gating.

SGI could confirm anomalies of sensory gating and per-
ceptual inundation in schizophrenia (Micoulaud-Franchi
and Vion-Dury, 2013; Micoulaud-Franchi et al, 2014;
El-Kaim et al, 2015), attention-deficit hyperactivity dis-
order (ADHD) (Sable et al, 2012; Micoulaud-Franchi
et al, 2014; 2016) and Tourette syndrome (Sutherland
Owens et al, 2011).

In this study with perspective to behavioral aspects of
sensory gating, we looked for answering this question
that why some tinnitus participants habituate to their
tinnitus but some others do not habituate to it and com-
plain so much of its annoyance. Because tinnitus is a
habituation deficit according to Hallam’s theory and
sensory gating is necessary for habituation, we hypoth-
esized that behavioral aspects of sensory gating may
defect in decompensated tinnitus participants compared
with compensated tinnitus participants and normal
controls. To answer this question, SGI was compared
among the normal control and compensated and decom-
pensated tinnitus groups. Then, the correlation of SGI
with Tinnitus Handicap Inventory (THI) and Tinnitus
Questionnaire (TQ) was computed to determine the re-
lationship of SGI with tinnitus. The aim of this study
was to assess behavioral aspects of sensory gating in
normal and tinnitus groups to determine the effect of
sensory gating on habituating to tinnitus.

MATERIALS AND METHODS
Participants

Participants consisted of three groups: 30 compen-
sated tinnitus participants, 30 decompensated tinnitus
participants, and 30 normal hearing without tinnitus as
the control. They were all native Persian speaking and
right handed as shown by the Edinburgh Handedness
Inventory (Oldfield, 1971) who voluntarily participated
in the study. They were between 18 and 59 years old and
had no current or past substance abuse or dependency,
no neurological illness, no brain injury, and no auditory
impairment. Tinnitus participants had their tinnitus
for more than six months and were referred by the
ear—nose—throat clinic of the affiliated hospital. Com-
pensated tinnitus participants were included according
to the following factors: no complaint of tinnitus annoy-
ance; visual analog scale (VAS) <3 for tinnitus loud-
ness, annoyance, and awareness; and scores of <16
in THI and <30 in TQ. Decompensated tinnitus partic-
ipants were included according to the following factors:
sever complaint of tinnitus annoyance; VAS >7 for tin-
nitus loudness, annoyance, and awareness; and scores
of >58 in THI and >60 in TQ. Construction of VAS was
consisted of a 10-cm line with a resolution of 1 in 10
parts and each part was labeled with numbers from
0 to 10. There were three VASs for loudness, annoyance,
and awareness of tinnitus, each labeled on number 0, 5,
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and 10, respectively, as least, moderate, and the most.
Participants filled the validated Persian Version of SGI
(Mohebbi et al, accepted in Basic and Clinical Neurosci-
ence Journal). Filled questionnaires were checked to
ensure that participants did not miss any items to an-
swer. The study procedure was in accordance with the
Declaration of Helsinki.

SGI

SGI is a self-report questionnaire that is composed of
36 items. It addresses perceptual abnormalities related
to sensory gating deficit. Each item is scored based on a
six-point Likert scale (from 0 = never true to 5 = always
true). The items are categorized into four factors that
have been revealed to play a part in sensory gating: per-
ceptual modulation, distractibility, overinclusion, and
fatigue-stress modulation. The Persian version of SGI
was used in this study, which has high validity and re-
liability (Mohebbi et al, accepted in Basic and Clinical
Neuroscience Journal). The algebraic sum of Likert scale
for items was calculated to obtain the overall score of
SGI and the scores for each factor.

Statistical Analyses

Data were analyzed using SPSS software (version 21,
PASW Statistics; IBM Corporation, NY). Demographic
characteristics were compared among the groups using
a t-test or a one-way analysis of variance (ANOVA). Mean
and standard deviations (SDs) for SGI total score and
scores of SGI factors were calculated in all groups and
they were compared among the three studied groups us-
ing a Kruskal-Wallis test. Dunn’s test was performed to

Table 1. Demographic Properties of the Studied Groups

determine group differences. A Mann—Whitney test was
performed to compare scores of THI, TQ, and VAS for
loudness, annoyance, and awareness between compen-
sated and decompensated tinnitus groups. Spearman’s
correlation coefficient was determined to test the relation-
ship between SGI scores with VAS, THI, and TQ scores.

RESULTS
Demographic Characteristics

A total of 90 participants filled the SGI. They consisted
of 48 males and 42 females. The mean age had no signif-
icant differences among the three studied groups as
shown in One-way ANOVA test [Fg g7y = 0.17, p >
0.05]. Also, one-way ANOVA test for hearing thresholds
in frequencies of 250, 500, 1000, 2000, 4000, 6000, and
8000 Hz did not show significant differences among
the three groups [F(2 s7) = 0.17, p > 0.05]. Tinnitus du-
ration, pitch match of tinnitus, and loudness match of
tinnitus were not significantly different between com-
pensated and decompensated tinnitus group as indicated
by the ¢-test (Table 1). A Mann—Whitney test was per-
formed to compare scores for THI, TQ, and VAS for loud-
ness, VAS for annoyance, and VAS for awareness
between compensated and decompensated tinnitus
groups. It showed that THI, TQ, and VAS scores were
significantly higher in decompensated tinnitus group
compared with compensated tinnitus group (Table 2).

SGI Comparisons among the Groups

A Kruskal-Wallis test was conducted to compare the
effect of tinnitus on SGI total score and scores of its four

Normal Control Compensated Tinnitus Decompensated Tinnitus F t p
Age 4150 = 11.95 43.06 = 11.24 42.93 = 10.99 0.17 - 0.84
Male 15 14 16 - - -
Female 15 16 14
Pure-tone thresholds
250 10.83 = 7.20 12.50 + 7.62 11.00 = 6.74 0.48 - 0.61
500 13.50 = 8.72 14.33 = 8.97 10.66 = 5.97 1.72 0.18
1000 17.33 = 10.64 14.33 + 8.74 13.16 = 6.08 1.96 0.14
2000 19.50 + 12.41 18.50 + 11.82 156.00 = 7.07 1.46 0.23
4000 17.50 = 10.96 17.33 = 12.84 17.83 = 9.62 0.01 0.98
6000 18.66 + 11.59 19.00 + 9.13 21.83 = 11.02 0.80 0.45
8000 18.50 + 13.71 17.66 = 10.56 22.00 = 13.74 0.97 0.38
Tinnitus laterality
Right - 10 5 - - -
Left 9 10
Bilateral 11 15
Tinnitus duration - 53.43 = 71.12 72.93 = 80.74 - -0.99 0.32
Pitch match of tinnitus - 7.5+ 142 7.6 = 1.43 0.27 0.78
Loudness match of tinnitus - 6.36 £ 2.78 7.10 = 3.10 - —0.96 0.33
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factors at p < 0.05 level in the three studied groups.
There was a significant effect of tinnitus on SGI total
score and on scores of all four factors for the three
groups (Table 3). Multiple comparisons using Dunn’s
test indicated that the mean SGI total score for the
decompensated tinnitus group (M = 100.13, SD =
18.65) was significantly higher than the normal control
group (M = 37.13, SD = 14.54) and the compensated
tinnitus group (M = 42.53, SD = 22.03). The mean score
for the factor of perceptual modulation in decompen-
sated tinnitus group (M = 39.53, SD = 10.43) was sig-
nificantly higher than compensated tinnitus group (M =
16.20, SD = 9.25) and normal controls (M = 17.93,SD =
7.48). The mean score for the factor of distractibility in
decompensated tinnitus group (M = 24.63, SD = 5.76)
was significantly higher than compensated tinnitus
group (M = 10.23, SD = 7.74) and normal controls
(M = 8.50, SD = 4.24). The mean score for the factor
of overinclusion in decompensated tinnitus group (M =
19.60, SD = 6.19) was significantly higher than com-
pensated tinnitus group (M = 9.90, SD = 5.58) and nor-
mal controls (M = 6.80, SD = 3.06). The mean score for
the factor of fatigue-stress modulation in decompen-
sated tinnitus group (M = 16.36, SD = 3.62) was signif-
icantly higher than compensated tinnitus group (M =
6.56, SD = 4.36) and normal controls (M = 3.90, SD =
2.30). Taken together, these results suggest that tinni-
tus associates with behavioral aspects of sensory
gating. Figure 1 shows the results of the multiple
comparisons.

SGI Correlations with VAS, THI, and TQ

Spearman’s correlation coefficient was computed to
assess the relationship between SGI scores with VAS,

THI, and TQ total scores and their factors in decompen-
sated tinnitus groups. There was a positive correlation
between SGI perceptual modulation factor and TQ emo-
tional distress factors (r = 0.44, n = 30, p = 0.01) and
with VAS score for loudness (r = 0.45,n = 30, p = 0.01)
in decompensated tinnitus group. These findings sug-
gest that the SGI is relevant to tinnitus. As the SGI
scores did not showed significant differences between
compensated tinnitus group and normal controls, corre-
lations of SGI scores with VAS, THI, and TQ scores
were not calculated in the compensated group.

DISCUSSION

he present study compared the SGI scores among

compensated and decompensated tinnitus partici-
pants and normal controls. The results support our hy-
pothesis that decompensated tinnitus participants have
a deficit in behavioral aspects of sensory gating com-
pared with compensated tinnitus participants and nor-
mal controls. It showed that decompensated tinnitus
group with high scores on THI, TQ, and VAS had higher
scores on SGI compared with compensated tinnitus
group with low scores on THI, TQ, and VAS. Also, com-
pensated tinnitus group reported low scores on SGI to-
tal scores and three of SGI factors similar to the normal
control group. These results suggest that sensory gating
may be a factor in preventing habituation to tinnitus.

SGI Comparisons among the Groups

Studies revealed sensory gating deficit in ADHD,
schizophrenia, and Tourette syndrome using SGI
(Sutherland Owens et al, 2011; Sable et al, 2012;
Micoulaud-Franchi et al, 2014; 2016). Consistent with

Table 2. Mann-Whitney Test Comparing TQs between the Tinnitus Groups

Compensated Tinnitus

Decompensated Tinnitus

Mean *= SD Mean *= SD z P
THI 20.038 + 6.53 72.46 = 12.80 —6.65 0.00
TQ 27.33 £ 524 66.23 * 10.85 —6.65 0.00
VAS_loudness 2.36 = 0.80 7.93 = 1.31 -6.73 0.00
VAS_annoyance 2.06 = 0.86 8.40 = 1.30 —6.73 0.00
VAS_awareness 1.93 = 0.69 8.53 + 1.16 —6.75 0.00

Table 3. Kruskal-Wallis Results Comparing SGI Scores among the Studied Groups

Normal Control

Compensated Tinnitus

Decompensated Tinnitus

SGI Scores Mean = SD Mean *= SD Mean = SD H(2) p

Perceptual modulation 17.93 £ 7.48 16.20 £ 9.25 39.53 + 10.43 46.87 0.00
Overinclusion 8.50 = 4.24 10.23 £ 7.74 24.63 = 5.76 48.87 0.00
Distractibility 6.60 = 3.06 9.90 + 5.58 19.60 + 6.19 42.75 0.00
Fatigue-stress modulation 3.90 + 2.30 6.56 £ 4.36 16.36 = 3.62 57.32 0.00
Total 37.13 £ 1454 42.53 + 22.03 100.13 = 18.65 56.55 0.00
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Figure 1. Multiple comparisons using Dunn’s test to show differences in SGI scores among the studied groups. *p < 0.05, **p < 0.01.

our study, they reported higher SGI scores in these
abnormalities compared with normal participants.
To our knowledge, this is the first study using SGI
in tinnitus. ADHD, schizophrenia, and tinnitus share
several clinical characteristics (Mcghie and Chapman,
1961). Most of them exhibit sensory over-responsivity
and sensory modulation disorder (Yochman et al, 2006)
and report being flooded with sensory stimuli (Bieder-
man, 2005). Tinnitus participants report hypersensi-
tivity to sound as a loudness perception disorder called
hyperacusis (Tyler and Conrad-Armes, 1983; Baguley,
2003; Pienkowski et al, 2014; Tyler et al, 2014). They fre-
quently report poor mental concentration (Cuny et al,
2004). Because of these common clinical characteristics,
there may be common mechanisms responsible for the
sensory modulation disorder. The SGI may be detecting
a broad sensory gating deficiency in these abnormalities.

The hyperacusis can be determined by hyperacusis
questionnaire (Khalfa et al, 2002). Tinnitus and hyper-
acusis can coexist. These symptoms of excessive audi-
tory perception often share the same psychological
profile and common mechanisms may be responsible
for them (Meric et al, 1998; Vendrig, 2000). Some stud-
ies suggest that hippocampus, amygdale, and somato-
sensory system may also be involved in tinnitus and
hyperacusis (De Ridder et al, 2006; Hwang et al,
2009). Given the overlap between tinnitus and hyper-
acusis mechanisms, it is important to discuss hyperacu-
sis when assessing models of tinnitus (Knipper et al,
2013).

Reduced input to the brain caused by deafferentation
or an imbalanced state in the brain increases the cen-

tral noise, generating tinnitus. It leads to an increased
nonlinear gain in the form of steepened loudness
growth as either loudness recruitment or hyperacusis
(Zeng, 2013). Sensory gating deficits may be related
to the impaired inhibitory circuitry and the imbalance
of the excitatory and inhibitory in the central auditory
system. It also may associate with the impaired tem-
poral processing and altered temporal integration
(Rauschecker et al, 2015). With increasing duration
of a stimulus, temporal integration manifests as a de-
crease in threshold or increased strength of the per-
ception of a stimulus (Mgller, 1999).

In our study, participants with decompensated tinni-
tus reported SGI scores higher than the compensated
tinnitus participants on all four SGI factors. Consistent
with our results, sensory gating deficit in tinnitus was
reported in previous studies using different assessment
techniques. Based on structural and functional
changes, it has been assumed that tinnitus is the result
of a deficient thalamic sensory attention gating mecha-
nism (Rauschecker et al, 2010; Leaver et al, 2011; Joos
et al, 2014).

Among electrophysiology studies, Walpurger et al
(2003) showed that N1 response, a marker for late sen-
sory gating, was less decreased when repetitive audi-
tory stimuli were presented in tinnitus participants.
They concluded that there is less habituation to tinni-
tus. By contrast, Dornhoffer et al (2006) showed no sig-
nificant differences in P50 sensory gating as measured
by the ability to suppress a second, closely paired stim-
ulus. They suggested that tinnitus patients had no im-
pairment in sensory gating and the fundamental deficit
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in habituation appeared not to be at the brainstem—
thalamus level. They concluded that patients with tin-
nitus had a normal ability to habituate to externally
generated repetitive stimuli.

Moreover, relatively higher level neurophysiological
processing could be related to sensory gating, which
may be shown by higher processing electrophysiological
responses such as N100, P200, or P300. N100 is an in-
dex of sound detection and is associated with attention
properties. N100, combined with the P200 component,
also known as N1-P2, represents the late phase of sen-
sory gating. Sensory memory deficit was reported in tin-
nitus participants by auditory mismatch negativity
(Weisz et al, 2004; Mahmoudian et al, 2013), a mecha-
nism needed for normal function of sensory gating
(Kisley et al, 2004; Lijffijt et al, 2009). Significantly
smaller N1 amplitude was demonstrated in tinnitus pa-
tients than those obtained from normal participants
(Jacobson and McCaslin, 2003). Larger P1 amplitude
in the study of Konadath and Manjula (2016) was at-
tributed to the mechanism explaining central gain
model. Considering these evidence, it is suggested that
abnormalities in later components can be a matter of
concern.

There are many theories about tinnitus, which none
of them is accepted universally, but most propose a
central nervous system dysfunction for it. Hallam
et al (1988) proposed that tinnitus is a habituation def-
icit wherein the tinnitus sound continuously elicits
unattenuated orienting responses, thus demanding
constant attention. The process of habituation is a con-
sequence of sensory gating (Dornhoffer et al, 2006).
Sensory gating is a critical mechanism to focus atten-
tion and filter out irrelevant sensory input. It has been
hypothesized that tinnitus is the result of a deficient
sensory attention gating mechanism (Rauschecker
et al, 2010; Leaver et al, 2011). The involvement of
the parahippocampus in tinnitus which has a sensory
gating function might confirm our results. Constant
updating of tinnitus percept from memory as a result
of deficient sensory memory and sensory gating prevent
habituation (De Ridder et al, 2006).

SGI Correlations with VAS, THI, and TQ

To our knowledge, this is the first study which eval-
uated the relationship between SGI factors with TQ,
THI, and VAS. The positive correlation between per-
ceptual modulation factor of SGI with the emotional
distress of TQ and VAS for loudness may indicate that
sensory gating has the most impact on emotional dis-
tress and loudness of tinnitus. Tinnitus perception
has been found to be strongly correlated with emo-
tional impact (Jastreboff and Azell, 1993; Lim et al,
2010). We propose that the perceptual modulation
may be the SGI factor which correlates best with tin-

nitus. Also, emotional distress factor of TQ relates
best to SGI and can be a predictor of sensory gating
deficit. This may be associated with the items of these
two factors. Lack of relationship between SGI and THI
in decompensated tinnitus participants may be due to
this reason that SGI is not specifically designed for
tinnitus. Moreover, SGI has some items other than
auditory modality, which may affect the relationship
between SGI and questionnaires related to tinnitus.
Considering these, SGI should be used with caution
in tinnitus. We propose to use auditory items of SGI
in tinnitus.

Limitations

This study was limited by the small sample size,
probable comorbid psychological conditions, and lack
of an objective method for correlating with SGI. How-
ever, our vigorous findings suggest that the SGI as
an index of sensory gating could reveal preliminary
information about differences between compensated
and decompensated tinnitus participants. These data
may lead toward answering the question why some
participants habituate to tinnitus and why others do
not.

CONCLUSIONS

his study suggested the SGI as a simple and rapid

preliminary screening tool for the presence or ab-
sence of sensory gating in tinnitus participants. Higher
scores of SGI in decompensated tinnitus participants
support conceptual models wherein abnormal neuro-
physiologic mechanisms to repetitive stimuli give rise
to dishabituation to sensory stimuli. Further investiga-
tions on the relationship between SGI and other assess-
ment techniques such as electrophysiological measures
of sensory gating (i.e., N100/P200, MMN, and P300) can
contribute valuable information for the psychophysio-
logical impact of sensory gating in tinnitus.
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