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Background: Tinnitus is the recognition of sound in the absence of any external
auditory stimulus to the noise of ringing in the ears. Middle ear aeration carries
important role for ossicular coupling and normal hearing. There is restricted
morphometric data on the cases with bilateral tinnitus.

Materials and methods: In this study we evaluated hearing findings of 18 cases
with subjective nonpulsatile bilateral tinnitus and also morphometry and volume-
try of temporal bone substructures on the computed tomography images using
stereological method compared with the gender and age matched 12 healthy
subjects. Duration of tinnitus, exposing acoustic trauma or/and high level noise
levels, evaluation of middle ear volume, jugular bulb levels, distances between
Jugular bulb and both oval window and middle ear were evaluated.

Results: Both males and females with tinnitus showed worse hearing thresholds
through bone and air conductions than healthy subjects but it was not statisti-
cally significant. Pure tone thresholds through bone and air conductions were
not statistically different in both sexes with bilateral tinnitus. Right middle ear
volume of the cases with bilateral tinnitus was mean 5.57 cm?® for males and
5.64 cm? for females,; and also the left middle ear volume of the cases with bilateral
tinnitus was mean 5.87 cm? for males and 5.65 cm? for females. There were no
significant differences between the cases with bilateral tinnitus and the control
subjects according to the side of the body.

Conclusions: The data on the hearing findings and morphometrical evaluation of
the cases with bilateral tinnitus may be important for anatomists and clinicians.
(Folia Morphol 2018; 77, 1: 57-64)
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INTRODUCTION

Chronic tinnitus is experienced in about 5-15%
of the general population and severely impacts the
quality of life in about 1-2% in the population
[3, 15, 30]. Abnormal auditory input, for example by
cochlear damage, is considered as a frequent trig-
ger, but not considered as a sufficient condition to
develop chronic tinnitus [23]. In addition, changes
in both auditory cortex and several neocortical
structures have been detected affecting the audi-
tory pathways [7]. Functional magnetic resonance
imaging (fMRI) and structural MRI, positron emis-
sion tomography (PET), single photon emission
computed tomography (SPECT) as well as electro-
and magnetoencephalography (EEG, MEG) have
been used to identify brain structures involved
in tinnitus [2, 20, 27]. Tinnitus is a well-known
complaint that has been admitted to otolaryngol-
ogy, neurology and neurosurgery clinics [24, 29].
However, underlying pathology and aetiological
factors and treatment of tinnitus is not still clear
[12, 21]. Tinnitus may result from venous patholo-
gies on jugular bulb (JB), acoustic neurinoma, in-
ternal acoustic tumours, otologic problems such as
Meniere disease, acoustic trauma, ototoxic drugs
etc., and concomitant hearing loss without any
otologic, neurologic disease or any constitutional
lesion [5, 9, 15, 28, 30]. In the literature, some
authors claimed the cause of tinnitus might be
from different factors such as, racial, physiological,
genetic and anatomical factors [8, 28, 30]. Mus-
culature and joint problems on the head and neck
region are commonly related with tinnitus and have
been theorised to carry an important role in tin-
nitus’ aetiology [6, 16]. Neural hyperactivity in the
auditory cortex may cause bilateral tinnitus. Several
researchers have searched the use of low frequency
(1 Hz) repetitive transcranial magnetic stimulation
as a potential regulator of the hyperactivity [4].

Numerical evaluation on computed tomography
(CT) may provide diagnostic approach and aetiologi-
cal clues. Stereological volumetrical analysis may have
an importance to find out the differences between
tympanic cavity on the healthy subjects and the cases
of bilateral tinnitus.

The stereological method is fast, efficient, unbi-
ased, cheap and safe. It is based on point counting
approach using superimposed transparent grid on
CT images [1, 11].

58

MATERIALS AND METHODS

Clinical analysis

Thirty-six ears from a group of 18 patients
(8 male, 10 female) with bilateral tinnitus who applied
to otolaryngology from Afyon Kocatepe State Hos-
pital were subjected to the retrospective study. The
cases that had subjective nonpulsatile tinnitus and
previously had temporal bone CT examination were
accepted to the study according to the file records of
the patients. The patients with otologic, neurologic
or systemic diseases and the patients using ototoxic
agents were excluded from the study. The patients
who had objective and pulsatile tinnitus were not
included in the study. Twelve control subjects (5 male,
7 female) with no sensation of tinnitus were accepted
as healthy control group. The ears were divided into
two groups as “bilateral tinnitus” and healthy “con-
trol” groups. Further, the groups were divided into
two groups as “right” and “left”. Temporal CT scans
and audiometric results of patients were examined,
retrospectively.

Computed tomographic image analysis

Eighteen right-handed patients’ temporal CTs who
had bilateral tinnitus were included into the study
according to file records. The control group included
the cases who admitted to polyclinic with headache
complaint and had temporal CT images. All evalua-
tions were performed with Siemens Samoten Emo-
tion multi-slice CT machine (Germany) multi-slice CT
machine from the Afyon State Hospital. Patients who
met the inclusion criteria underwent multi-detector
row CT examination. Transverse scans were acquired
in the helical mode with 120 mAs, 1-s rotation time,
1-mm section thickness, 1-mm table feed and rota-
tion. All images were displayed at a window centre
of 700 HU and a window width of 4000 HU. The
retrospective morphometric study was approved by
the Local Ethics Committee of Antalya Training and
Research Hospital. According to achieve file data,
none of the participants was taking medication for
7 days or more at the time of scanning. The clinical
evaluation ascertained both the personal and fam-
ily history and physical and neurological conditions
of the subjects, via checking patients’ file records.
Patients who had lifetime history of neurological ill-
ness, migraine with aura, head injury, a history of any
chronic medication use, substance or alcohol abuse,
epilepsy, schizophrenia, bipolar disorder, major medi-
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Figure 1. Coronal temporal computed tomography sections includ-
ing temporal bone and ear structures. Long arrow — jugular bulb;
curved arrow — carotid canal; double headed arrow — Eustachian
tube; double headed dotted arrow — promontorium; dotted arrow
— head of the malleus.

cal illnesses (including cardiac disease and diabetes)
were excluded from the study. Additionally, none of
the patients had history of acoustic trauma.

Morphometrical analysis

Middle ear volumes, distance between internal
acoustic meatus and JB, distance between oval win-
dows and JB of each image were evaluated by two
anatomists. The diameters were measured three
times manually using callipers for each CT image,
bilaterally. The internal auditory canal was identified
on the medial border of the petrous bone. The level
of the JB was defined on the coronal, sagittal and
axial sections (Fig. 1). The evaluation of JB levels such
as epitympanic, mesotympanic, hypotympanic and
infratemporal were documented through monitor-
ing and recording on CT images of both the patients’
and control subjects’. Jugular bulb levels are identi-
fied and labelled based on the location of its apex
with respect to the sulcus tympanicus: if the apex
of the JB is located superior to the sulcus tympanic
sulcus it is called “epitympanic”, if the apex of the
JB is located between upper and lower part of the
tympanic sulcus it is called “mesotympanic”, if the
apex of the JB is located inferior to the tympanic
sulcus it is called “hypotympanic”, if the apex of the
JB is located inferior to the level of the middle ear
in the temporal bone is called “infratemporal”. The
documentation of the results was taken through the
measurements of the middle ear volumes and the
internal acoustic canal wideness's. Additionally, the
distances from the JB to oval window and middle ear
were also evaluated. Ear substructures were shown
at epitympanic, mesotympanic and hypotympanic
levels on transvers sections (Figs. 2—-4). All measure-
ments were performed blinded to subject details
and data of any other results. An optimal plan was
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Figure 2. Axial temporal computed tomography sections through
the epitympanum, the middle ear space just superior to the tym-
panic membrane. Curved arrow — head of the malleus; straight
arrow — short process of the incus. Genu of the facial nerve
(geniculate ganglion) is also indicated with black arrow. The inter-
nal auditory canal (indicated with asterisk) is the indentation on the
medial border of the petrous part of temporal bone. The diameter of
the internal auditory canal was measured at the internal opening of
the acoustic canal.

Figure 3. Axial temporal computed tomography sections through
the mesotympanum. White straight arrow — tympanic membrane;
double headed arrow — manubrium mallei; curved arrow — carotid
canal; black arrow — promontorium; dotted arrow — jugular bulb.

Figure 4. Axial temporal computed tomography sections through
the hypotympanum (h). Straight arrow — tympanic membrane;
curved arrow — carotid canal; double headed arrow — Eustachian
tube; dotted arrow — jugular bulb.

taken as the smallest size of anisotropic structures
that may be measured in stereological volumetric
analysis of axial temporal CT sections. Original CT
images were exported as .tiff image files which were
further subjected to stereological analysis. A uniform
point-grid with a point-associated area of 0.625 cm?
was randomly superimposed on each CT image
using the “grid” plug-in installed with films. Points
hitting the middle ears were manually counted for
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Figure 5. The stereological point counting method was shown on
the transvers computed tomography section of the temporal bone.

volume estimation, bilaterally. The volumes were also
estimated by using the Cavalier’s principle of stereo-
logical methods as described in the previous studies
[14, 19-22] by utilising the formula given below:
V =t x [(SU) x d]/SL]? x P, where, t is the section
thickness, SU is the scale unit (the real length of the
scale marked on the CTs), d is the distance between
two points in the point grid, SL is the scale length
(the actual measure of the scale on CTs) and P is the
number of points counted. All data have been entered
a previously-prepared Microsoft excel spreadsheet for
automatic calculation of the outcomes of the above
formula and the statistical evaluation parameters
including the nugget variance and the coefficient of
error (CE). The CE of the study was calculated accord-
ing to Nyengaard and Marcussen [25].

In order to evaluate volumetric asymmetry be-
tween right and left middle ears, middle sagittal
sections were identified by clear visualisation of the
area. The point counts belonging to the middle sec-
tion was divided by two and the results were added
to total point counts for each area separately, and
thus, a volume value for each middle ear were es-
timated. The stereological point counting method
is demonstrated in Figure 5.

Statistical analysis

Shapiro-Wilk’s test was used to assess the nor-
mality of distributions of the variables, and Levene’s
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test was used to assess the homogeneity of vari-
ances in the different groups. Variables with nor-
mal distribution and homogeneous variance were
analysed by the Student’s t test for comparison of
the two independent groups and paired sample
t test for dependent groups. Hence, parametric test
assumptions were not available for some variables,
the comparisons of these groups were performed
with the Mann-Whitney U test for two independent
groups and the Wilcoxon signed rank test for de-
pendent groups. The results of tests were expressed
as the number of observations (n), the mean
+ standard deviation (mean = SD). The difference of
JB levels between the groups were assessed with
% crosstabulation test and further Yates correc-
tions for continuity were performed. Data analyses
were performed with SPSS 15.0 software (Statistical
Package for the Social Sciences, version 15.0, SSPS
Inc., Chicago IL, USA). A p value less than 0.05 was
considered statistically significant.

RESULTS

Clinical data

The mean age of the cases was 60.33 = 8.73 years
(range 43-74 years). The mean duration of cases’
complaint of bilateral tinnitus was 12.60 + 10.94
months. The mean pure tone thresholds through air
and bone conductions in females and males were
given in Tables 1 and 2, respectively. Statistical analysis
did not reveal significant differences between both
right and left sides in two sexes of both bilateral
tinnitus and control groups (ps > 0.05; p values are
given in Tables 1 and 2). Both males and females
with bilateral tinnitus showed worse hearing thresh-
olds through bone and air conductions than healthy
control subjects. However, statistical analysis did not
reveal any significant difference regarding the pure
tone thresholds in right and left sides of bilateral tin-
nitus and control cases (ps > 0.05; p values are given
in Tables 1 and 2).

Morphometrical data

The mean volumetric, morphometric measure-
ments and distances between the JB and some impor-
tant landmarks in right and left sides of both groups
according to sex were shown at Table 3. There were no
significant differences regarding the middle ear vol-
ume, internal acoustic meatus diameter, JB diameter,
the distance between the JB and middle ear and the
distance between the JB and oval window between
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Table 1. Pure tone (PT) thresholds through bone and air conductions in both sides of females

Females Bilateral tinnitus (mean + SD) (n = 10) Control (mean = SD) (n=17) p*

Right ear Left ear p** Right ear Left ear p** R L
PT bone [dB] 1838 +3.74 1938 £ 3.34 0.587 15.00 = 3.33 12.74 + 7.68 0.915 0.152 0.070
PT air [dB] 27.36 £ 6.33  28.03 = 4.00 0.798 20.68 +£9.03 23.16 = 5.54 0.222 0.183 0.088

*P values were given for Student's t test: For comparisons of right and left ears; **P values were given paired sample t test: For comparisons of tinnitus and control ears in right and left
sides; R and L — comparison of right (R) and left (L) ears in bilateral tinnitus and control cases

Table 2. Pure tone (PT) thresholds through bone and air conductions in both sides of males

Males Bilateral tinnitus (mean = SD) (n = 8) Control (mean % SD) (n = 5) p*

Right ear Left ear P** Right ear Left ear p** R L
PT bone [dB] 17.62 +3.24 1598 £5.21 0.568 13.86 +6.69 11.22 +1.08 0.552 0.315 0.181
PT air [dB] 22.64 + 401 2452 = 3.61 0.226 2050 £5.35 2221 +2.81 0.380 0.539 0.385

*P values were given for Student’s t test: For comparisons of right and left ears; **P values were given paired sample t test: For comparisons of tinnitus and control ears in right and left
sides; R and L — comparison of right (R) and left (L) ears in bilateral tinnitus and control cases

Table 3. Mean values of morphometric measurements of the cases with bilateral tinnitus and control group according to sex

Bilateral tinnitus (mean * SD) Control (mean = SD)
Right ear Left ear Right ear Left ear
Male Female Male Female Male Female Male Female
n=28) (n=10) (n=28) (n=10) (n=15) n=17) (n=75) (n=75)
ME volume [cm?] 557070 564+066 587108 566+109 549+040 622=075 525+081 6.15=063
IAM diameter [mm] 870168 815+158 854133 830x154 9.18=067 807=+104 1056318 8.02=0.90
JB diameter [mm] 708072 737+112 7483+066 700+180 690268 728+203 6.80+028 745=+163

JB-middle ear [mm] 233+028 157+055 201+050 213+055 210014 233+076 210*0.14 1.20+0.14
JB-ovalwindow [mm] 733 +152 770+129 640040 717+027 676070 642+199 705+106 7.66=077

ME — middle ear; IAM — internal acoustic meatus; JB — jugular bulb; JB-middle ear — distance between the jugular bulb and middle ear; JB-oval window — distance between the
jugular bulb and oval window; SD — standard deviation

right and left sides of bilateral tinnitus and control The JB was at the epitympanic level in 4 (16.7%)
groups in both sexes (ps > 0.05, Table 4). Right ears of controls of the control group compared to none (0%)
the cases with bilateral tinnitus were compared with of the patients of the bilateral tinnitus group (2 =
right ears of the age and gender matched healthy =4,029; p < 0.05); and JB was at hypotympanic level
control cases, and also separately left ears of the cases in 13 (36.1%) patients of the bilateral tinnitus group
with bilateral tinnitus were compared with left ears of compared to 2 (8.1%) controls of the control group
the age and gender matched healthy control cases. (x?> = 4,537; p < 0.05).
The mean CE for the stereological volume estimation
of the cases with bilateral tinnitus was mean 0.041 for DISCUSSION
the right side, 0.044 for the left side and the control Tinnitus is complex complaint which is explained by
subject was mean 0.050 for the right side and 0.046 multiple hypotheses. Results of this might be explained
for the left side. by the multi-etiological factors on tinnitus such as
The JB levels on temporal bone were presented otologic, metabolic, systemic, iatrogenic or neurologic
in Table 5. We did not encounter epitympanic JB diseases [28, 31]. A good historical and physical ex-
level in cases with bilateral tinnitus. We revealed amination, radiological investigation, and audiologic
a significant difference between groups in respect to diagnose and examinations may of importance for
the distribution of JB levels (y2 = 10,705; p < 0.05). finding out the causes [17]. Nonpulsatile tinnitus is
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Table 4. P values for comparisons of ear groups in right and left sides.

Bilateral tinnitus — Control

Females Males
Right Left Right Left
Middle ear volume 0.117 0.290 0.822 0.298
Internal acoustic meatus diameter 0.899 0.658 0.548 0.242
Jugular bulb diameter 0.924 0.767 0.700 0.333
JB-middle ear 0.074 0.111 0.381 0.841
JB-oval window 0.182 0.283 0.591 0.380
JB-middle ear — distance between the jugular bulb and middle ear; JB-oval window — distance between the jugular bulb and oval window
Table 5. Level of the jugular bulb on temporal bone
Jugular bulb level Bilateral tinnitus Control 72 P
10.70 0.013*
Epitympanic —(0%) 4(16.7%) 4.029 0.045%*
Mesotympanic 9(25%) 7(29.2%) 0.04 0.952**
Hypotympanic 13 (36.1%) 2(8.1%) 4537 0.033**
Infratemporal 14 (38.9%) 11 (45.8%) 0.071 0.789**

*P value is given for 52 crosstabulation test; **P values are given forc2 tests with Yates correction for continuity

more frequent type of tinnitus [17]. Personal factors
are of importance for tinnitus. Personal perception
and progress and response of patients with tinnitus
may be variable. Some patients suffer from tinnitus
much more than the others [12, 32]. It is challenging
to find the underlying reasons of non-pulsatile type
of tinnitus, because of its subjective nature. Acoustic
neuroma or otologic disease such as Meniere's disease
may be the reason of non-pulsatile subjective tinnitus.
Furthermore, more common type is the subjective tin-
nitus with hearing loss but without any neurologic,
otologic diseases or constitutional lesions [12, 24, 30].
In literature, genetic and physiological factors had been
searched to solve these problems [12, 28, 31]. Middle
ear aeration carries critical role for ossicular coupling
and normal hearing [23]. After canal wall mastoidec-
tomy, middle ear aeration become to affect hearing
[12]. So, variances on middle ear volume may be the
cause or aetiological factors of tinnitus.
Abnormalities on JB such as location anomalies,
dehiscence, and diverticulitis may be the reason for
pulsatile tinnitus [15]. Limited studies regarding the
middle ear volume associated with tinnitus in literature.
Osborn et al. [26] evaluated tympanic cavity volume in
cases with aural atresia and searched for the role of the
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volume as a factor in determining surgical candidacy.
They declared the mean age of cases at the time CT
evaluation was 4.7 years. The mean tympanic cavity
volume of the atretic ears was 0.34 cc [26]. The mean
tympanic cavity volume of the non-atretic ears was also
0.51. In recent years, the tympanic cavity was evalu-
ated on a project, and an abstract, and also a research
on cases with tinnitus by Kurkcuoglu et al. [18-20].
Kurkcuoglu et al. [19] claimed that no statistically sig-
nificant differences exist between gender in tympanic
cavity volumes of the healthy subjects. Kahveci et al.
[13] calculated middle ear volumes of the patients who
suffered from unilateral tinnitus compared with healthy
subjects, using stereological method. They found that
mean left middle ear volume of the cases with unilat-
eral tinnitus was 6.03 cm?® and the right one was
6.24 cm?3. There was no significant difference between the
cases with unilateral tinnitus and the control subjects.
Contrary to the above studies, in the present study we
assessed middle ear volumes of the cases with bilateral
tinnitus according to gender and age compared with
the healthy subjects. We found that mean right middle
ear volume of the cases with bilateral tinnitus was
5.57 cm?3 for males and 5.64 cm?3 for females, and mean
left middle ear volume of the cases with bilateral tinnitus
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was 5.87 cm3 for males and 5.65 cm3 for females. There
were no significant differences between the cases with
bilateral tinnitus and the control subjects according to
the side of the body. Although volumetric results of both
studies were similar except gender comparison of our
study, Kahveci et al. [13] also measured the diameters
of the internal acoustic meatus and the JB, which were
larger in ears of the cases with unilateral tinnitus than in
those of the healthy subjects. Kumral et al. [17] searched
the anatomical reasons in the aetiology of the tinnitus
in the normal-hearing ears. Patients in their study had
bilateral tinnitus and most of the patients could not
define the location, the time, the duration, and the
severity of the tinnitus. The females were more than
the males in the tinnitus group, consistently with the lit-
erature. The results of the study also showed that there
were no significant differences in the measurements of
internal acoustic canal between the control and tinnitus
groups. The comparison of the measurements within
the tinnitus groups did not show significant difference
in the right and left internal acoustic canals. The au-
thors claimed that in tinnitus cases with normal hearing
temporal bone tomography does not carry important
information and is not cost effective [17].

We did not detect any statistical differences
between the cases with bilateral tinnitus and con-
trol subjects in terms of diameters of the internal
acoustic meatus and the JB according to the side
of the body. Contrary to the above studies, we also
firstly evaluated JB levels as epitympanic, meso-
tympanic, hypotympanic and infratemporal. None
of the patients with bilateral tinnitus had epitym-
panic JB level, while controls had epitympanic JB.
In addition, the hypotympanic JB level was more
prevalent. This difference should be investigated
with repeated studies containing higher number
of cases.

The distance between JB and anatomical some
landmarks like middle ear and oval window. In addi-
tion, inherent methodical limitations of the different
methods would be mentioned. The reasons might be
related to small sample sizes of most studies, choos-
ing of the control groups (e.g. whether hearing loss
or depressive symptoms are controlled for) and to
the heterogeneity of tinnitus [27].

CONCLUSIONS

We used the stereological method, because the
method is simple, safe, unbiased, and cheap. The
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point counting approach is also rapid. The ob-
tained CE level of our study was quite low. This low
level may be obtained by CT slices in frequent and
consequent intervals and decreasing the distance
between two points of the grid for counting a large
amount of points per area. With regard to the aging
process, further investigations are required with
a larger sample size in order to support this data.
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