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Amplifiers in Tinnitus Patients
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ABSTRACT

Introduction: High tinnitus loudness can be provoked by peripheral disorders of the somatosensory and/or auditory system.

Objectives: The object of our study was to compare high tinnitus loudness patients with low tinnitus loudness patients and to find
specific factors associated with high tinnitus loudness.

Design: A retrospective cohort analysis of 234 patients with tinnitus as main complaint who visited our clinic in a four-year period.

Methods: Data obtained from the subjects were age, sex, the loudness of tinnitus estimated by the VAS, and the outcomes of the
audiogram and the cervical spine radiograph.

Results: High tinnitus loudness was associated with a higher prevalence of females, more dizziness, less self-perceived hearing
loss, more cervical disc degeneration at C3 to C6, and a larger anterior spur of cervical vertebrae C3 to C6. Females had a lower
prevalence of tinnitus but a higher chance on high tinnitus loudness. Gender, the size of the largest anterior spur from C3 to C6, and
the ratio of hearing loss at 8 kHz and hearing loss at 2 kHz are involved in the amplification of tinnitus loudness.

Conclusions: High tinnitus loudness can be provoked by peripheral disorders of the somatosensory and/or auditory system. A
steep audiometric edge between hearing at 2 kHz and hearing at 8 kHz and/or cervical spine pathology with sympathetic nervous
system irritation can amplify tinnitus loudness causing high tinnitus loudness.
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INTRODUCTION

An intrigued question in clinical practice is why some
patients have high tinnitus loudness while others have
just a sound in their ear without any distress 1. This
phenomenon can be explained by sensitisation of the
auditory nervous system. Sensitisation is defined as
an amplification of neural signalling within the nervous
system. Sensitisation is categorized in peripheral and
central sensitisation'3.Peripheral sensitization is due
to lowering of the activation threshold for physiological
stimuli in the peripheral nerves. Central sensitization
enhances the stimulus response of neural pathways in
spinal cord and brain. Persistent peripheral sensitization
leads to modifications further up in the nervous system
which can subsequently end in central sensitization*. In
spite of the fact that the site of the initial neural changes
is distinguishable in peripheral and central sensitization,
the final consequence of both is an increase in tinnitus
loudness. Our hypothesis is that high tinnitus loudness can
be provoked by peripheral disorders of the somatosensory
and/or auditory system. The object of our study was to test
this hypothesis by comparing high tinnitus loudness patients
with low tinnitus loudness patients and to find specific factors
associated with high tinnitus loudness.

MATERIALS AND METHODS

The Medical Ethics Committees United (Nieuwegein,
the Netherlands) agreed this observational retrospective
study (W20.240, October 14, 2020).

Subjects: All persons who came forward to our clinic for
tinnitus in a four years period (1/10/2016 - 1/11/2020) took
part in the study. The work-up of patients being a uniform
clinical history, the loudness of tinnitus, an audiogram,
and a cervical spine radiograph. The loudness of tinnitus
was determined by the Visual Analogue Scale (VAS).

Data Assessment: Data obtained from the subjects were
age, sex, the loudness of tinnitus estimated by the VAS,
and the outcomes of the audiogram and the cervical spine
radiograph. The VAS of tinnitus is a 10-cm line between at the
left end by “no tinnitus” and at the right end by “unbearable
tinnitus”. The patient indicates with marks the level of the
mean, minimal and maximal perceived loudness of his/her
tinnitus. The score is measured by the distance (millimetre)
on the 10-cm line between the “no tinnitus” anchor and the
patient’s mark. High tinnitus loudness was defined as a
maximal loudness of tinnitus above 73 mm and low tinnitus
loudness as a maximal loudness of tinnitus of 73 mm or
less®. An audiogram evaluated six pure tone boundaries
from 250 Hz to 8 kHz. The most powerful side of the tinnitus
was chosen for research. In instances of tinnitus with similar
loudness at each side, the average of both outcomes was
chosen for research. Measurements of the cervical spine
radiographs included the corner between the posterior side
ofthe third and sixth cervical vertebrae, the intervertebral disc
height from the second till the seventh cervical vertebrae,
and the dimension of the anterior spur of the third till the
sixth cervical vertebrae, as previously described®.

Statistical Methods: Statistical analysis was executed
with Minitab 18 (Minitab Inc., State College, PA, USA).
Student’s t-test was employed for continuous variables and
X2 test for dichotomous variables. Discriminant analysis was
used in order to evaluate the occurrence of high loudness
tinnitus with the combination of gender, the magnitude of
the largest anterior spur from C3 to C6, and the hearing
deficit at 8 kHz compared to the hearing deficit at 2 kHz. A
value of P less than 0.05 was statistically significant.

RESULTS

In a four-year period, 234 patients approached our clinic
for advice concerning their tinnitus. The hallmarks of these
subjects are shown in Table 1. Tinnitus was linked with

Table 1: Clinical characteristics of the patients with tinnitus.

Gender (Male)
Self perceived hearing loss
Cervical pain
Age (year)
Hearing loss (dB) at:

- 250 Hz

- 500 Hz
- 1KHz
- 2KHz
- 4KHz
- 8KHz

Intensity of the tinnitus (VAS; millimetre)

- Mean:

- Minimal:

- Maximal:

Prevalence Median Q1-Q3
57%
62%
64%

57 50 -63

15 8-25

15 5-25

15 10-30

20 10-40

40 20 -55

50 28 66

68 50 82

40 18 60

86 72 94

dB: decibel; Hz: Hertz; KHz: Kilohertz; VAS: visual analogue scale; Q1 — Q3: inter-quartile range.
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a widespread presence of self- perceived hearing loss,
cervical pain, and hearing deficit in the higher frequency
(4 kHz to 8 kHz). Patients with low tinnitus loudness were
compared with patients with high loudness tinnitus (Table
2). High tinnitus loudness was associated with a higher
prevalence of females and dizziness, more self-perceived
hearing loss, more cervical disc degeneration at C3to C6, and
larger anterior spurs, especially at C4. Females had a lower
prevalence of tinnitus but a higher chance on high loudness

tinnitus. The size of the largest anterior spur between C3
and C6 above 19% increases the prevalence of high tinnitus
loudness from 64 to 82% (p=0.013). Multivariate statistical
analysis indicates that gender, the size of the largest anterior
spur from C3 to C6, and the ratio of hearing loss at 8 kHz
and hearing loss at 2 kHz could predict the occurrence of
high tinnitus loudness the best (Proportion Correct=0.664.
With discriminant analysis, the patient group with a higher
chance on high tinnitus loudness was identified (Figure 1).

Table 2: Patients with high tinnitus loudness were compared with low tinnitus loudness patients.

High tinnitus loudness

Prev.

Gender (Male) 51%
Postural instability 42%
Dizziness 41%
Self-perceived hearing loss 58%
Cervical pain 62%

Age at the start of the complaint (year)
Hearing loss (dB) at:
- 250 Hz
- 500 Hz
- 1 kHz
- 2 kHz
- 4 kHz
- 8 kHz
Angle between vertebrae C2 and C6 (degrees)
Farfan’s measurement of disc space height (%):
- C2-C3:
- C3-C4:
- C4-C5:
- C5-C6:
- C6-C7:
Size of anterior osteophyte (%):
- C3
- C4
- C5
- C6

Low tinnitus loudness

(n=111) (n=41) P-value
Mean SEM Prev. Mean SEM

76% 0.007 S
29% 0.142
22% 0.034 S
78% 0.024 S
56% 0.497

47 1.3 46 2.0 0.693

19 1.9 16 2.4 0.410

20 2.0 17 25 0.413

21 2.0 20 2.8 0.788

24 2.0 31 7.6 0.386

42 2.3 37 34 0.303

51 2.6 45 4.0 0.178

5 0.9 9 1.6 0.056

38 0.7 40 1.1 0.277

35 0.8 38 1.1 0.037 S

33 0.8 36 0.9 0.013 S

25 0.8 29 1.2 0.013 S

27 0.9 27 1.6 0.926

8 0.5 7 0.6 0.176

12 0.7 9 0.9 0.018 S

19 0.8 17 1.0 0.061

14 0.6 13 1.1 0.259

21 0.8 18 1.0 0.016 S

Largest size anterior osteophyte from C3 to C6

dB: decibel; Hz: Hertz; KHz: Kilohertz; Prev.: Prevalence; SEM: Standard Error of the Mean; mm: millimetre; S: Significant
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Figure 1: The chance for high tinnitus loudness depends on gender, the magnitude of the largest anterior spur from C3 to C6, and
the ratio of hearing loss at 8 kHz and hearing loss at 2 kHz. For example, in a male with an anterior spur of the cervical spine from
C3 to C6 of 15% and a ratio of hearing loss 8 kHz / hearing loss 2 kHz of 4, the chance on high tinnitus loudness is 58%, but for a

female the chance is 89%.
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Patients fulfilling these criteria, 89% of them had high tinnitus
loudness compared to 58% in patients not fulfilling these
criteria.

DISCUSSION

High tinnitus loudness was associated with a higher
prevalence of females, more dizziness, less self-perceived
hearing loss, more cervical disc degeneration at C3 to
C6, and a larger anterior spur of cervical vertebrae C3
to C6. Females had a lower prevalence of tinnitus but
a higher chance on high tinnitus loudness. Gender, the
size of the largest anterior spur from C3 to C6, and the
ratio of hearing loss at 8 kHz and hearing loss at 2 kHz
are involved in the amplification of tinnitus loudness.
Tinnitus is an acoustic percept which can be subdivide
into tinnitus loudness and tinnitus distress’. Tinnitus
distress and tinnitus loudness are independent clinical
factors®. The brain possesses a network that reproduce
the perceived tinnitus loudness. This network is related
to the default mode network, consisting of the anterior
cingulate cortex, the insula, the parahippocampus, and
the auditory cortex 8. Tinnitus loudness can be estimated
by ratings on a VAS®. A perceived maximal loudness of
the tinnitus above 73 millimetres is linked to an increased
prevalence of difficult psychosocial situations. Therefore,
we use this as limit for high tinnitus loudness. Sensitization
is an increased response of the nervous system to
normal or subthreshold afferent input™. It can be divided
into peripheral and central sensitisation. Peripheral
sensitization indicates that the peripheral afferent neurons
become sensitive due to local tissue injury or inflammatory
processes, thus amplifying neural signals . Central
sensitization is defined as an amplification of neural
signalling within the central nervous system. There can
be a two-way interaction between peripheral sensitization
and central sensitization: central sensitization is not only
consequential to peripheral sensitization but may, in turn,
adjust peripheral sensitization'2. Therefore, understanding
tinnitus loudness involves the identification of peripheral
and central contributory factors for sensitisation in the
auditory pathway. Tinnitus conceptually involves not only
neuroplasticity in the central nervous system tinnitus but
also sensitization in primary sensory neurons of dorsal
root ganglia, trigeminal ganglia, and/or the cochlea'™ .
An altered afferent signal of the peripheral auditory
or somatosensory system results in the gener—ation
of tinnitus in the central auditory system. Persistent
perception of tinnitus may no longer be coupled to the
intensity or even the presence of the noxious peripheral
stimuli*. We found that gender, the size of the largest
anterior spur from C3 to C6, and the ratio of hearing loss
at 8 kHz and hearing loss at 2 kHz are involved in the
amplification of tinnitus loudness. In our study, a higher
hearing loss at 8 kHz compared to the hearing loss at 2
kHz is associated with higher tinnitus loudness. A sloping
high frequency hearing deficit is found in sensory and
mechanical presbycusis which can be due to damage to
outer hair cells or from stiffening of the basilar membrane
of the cochlea®™. A steep audiometric edge between

regions of normal and impaired hearing may be sufficient
to disrupt the normal pattern of neural synchrony in
tonotopically organized regions of the central auditory
system'®'7. A cochlear amplifier impairment due to
a loss of outer hair cells is also coupled to structural
cerebral brain modifications®. The cingulate area and
the parahippocampus gyrus are crucial elements of the
default mode network which were importantly wasted in
patients with cochlear amplifier disorder. These areas
in the default mode network are also implicated in the
sensation of tinnitus loudness®. A high frequency hearing
loss might induce changes in the default mode network
resulting in high tinnitus loudness. The superior cervical
ganglion and the stellate ganglion are the origin of the
sympathetic nerves who innervates the cochlea and
regulates cochlear blood flow via the local adrenergic
a-receptors'. Pathological alterations of the cervical
intervertebral disc, such as large anterior spurs, may
irritate sympathetic nerve fibers causing reduced cochlear
blood flow and an increase of tinnitus loudness™. Large
anterior cervical spurs are also linked to a better result of
treatment of the superior cervical sympathetic ganglion to
reduce tinnitus loudness 6. Cervical spine degeneration
with stimulating of the sympathetic nervous system can
result in an amplification of tinnitus loudness. Females
had a lower prevalence of tinnitus but a higher chance on
high loudness tinnitus. It is already known that men have
more likelihood of developing tinnitus and presbycusis
than women2°2!, The sex inequality is believed to
be in some extent related to shifts in ovarian steroid
hormones, although the exact mechanisms are not yet
completely understood 22. Estrogens might possess
potent antioxidant properties and exert neuroprotective
actions'®22, However, we could find no explanation for
the higher chance on high loudness for women. We
note some limitations in this study. Tinnitus loudness
assessments rely to a great extent on the method of
measurement used. Tinnitus loudness can be valued in a
technique in which the intensity of an exterior sound is set
side by side to the observed tinnitus loudness. Tinnitus
loudness can also be established by rankings on a VAS.
Tinnitus loudness assessed by VAS rating correlate better
with tinnitus distress and is easier to access®. Also, this
study is limited by a selection bias. There might be an
overestimation of patients with high tinnitus loudness.
Patients coming to our clinic want a reduction of their
tinnitus loudness and thus there is a greater chance that
they have high tinnitus loudness. Another limitation is its
retrospective kind and a prospective follow-up study is
advocated to validate these results and the conclusions.

CONCLUSION

Gender, the magnitude of the largest anterior spur from
C3 to C6, and the ratio of hearing loss at 8 kHz and
hearing loss at 2 kHz are involved in the amplification
of tinnitus loudness. Females had a lower prevalence of
tinnitus but a higher chance on high tinnitus loudness.
High tinnitus loudness can be provoked by peripheral
disorders of the somatosensory and/or auditory system.
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A steep audiometric edge between hearing at 2 kHz and
hearing at 8 kHz and/or cervical spine pathology with
sympathetic nervous system irritation can amplify tinnitus
loudness causing high tinnitus loudness.
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