
Introduction

Tinnitus is described as an auditory sensation felt in the absence of an external stimulus (1). It affects 
approximately 12% of the population in Western countries (2, 3). Although audiometric evaluation 
can be useful to reveal the source of tinnitus (Meniere’s disease, otosclerosis, or noise-induced hear-
ing loss), the existence of disabling symptoms causes radiological evaluation to be unavoidable (4, 
5). Tinnitus is characterized as objective or subjective and pulsatile or nonpulsatile. Pulsatile tinnitus 
(PT) harmonizes with the heartbeat of the patient, whereas nonpulsatile tinnitus does not. Tinnitus 
can be subjective (perceived only by the patient) or objective (can be perceived by others).

Subjective tinnitus is more common than objective tinnitus. PT may be either subjective or objec-
tive. As for nonpulsatile tinnitus, it is subjective in most of the cases. Subjective nonpulsatile tin-
nitus is the most frequently observed type of tinnitus, and most probably the cause is least likely 
to be treatable (6, 7).

Radiologic studies should follow a full clinical evaluation including neuro-otologic examination 
with otoscopy and audiologic assessment. The most appropriate imaging technique can be de-
termined after characterization of the tinnitus and detailed clinical evaluation (8-10). The cause 
of PT is most probably going to be a vascular abnormality or vascular tumor. By virtue of the fact 
that these vascular lesions often involve the middle ear and otic capsule where MR is less sensitive, 
computed tomography (CT) becomes more valuable and intravenous contrast administration also 
facilitates the imaging of vascular structures (11-13).

Methods

The temporal bone CT images of 35 patients with subjective PT (SPT), who were admitted to our 
hospital between October 2013 and May 2014, were evaluated. The study group consisted of pa-
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tients without vertigo, otalgia, otorrhea, aural fullness, any chronic 
systemic disease such as anemia, or hyperthyroidism. Having oto-
toxicity, head and neck trauma history, continuous drug use, or 
smoking were also the criteria of exclusion from the study group. 
The patients had no otologic intervention history and their hear-
ing acuity was not affected. The examinations of head and neck 
were unremarkable, and no auscultable bruit over the mastoid 
was detected. The control group was formed by the retrospective 
evaluation of the reconstructed images of the petrous bones de-
rived from the paranasal CT scans of 35 patients performed be-
cause of chronic sinusitis. The patients in the control group had no 
ear pathology or tinnitus.

The temporal bones of 35 patients with SPT were assessed with a 
Somatom Sensation 16 CT (Siemens AG, Erlangen, Germany). The CT 
acquisition parameters were as follows: tube current, 150 mAs; volt-
age, 120 kV; detector collimation, 16×0.75; rotation time, 0.4 second; 
table speed, 1 mm/rotation (pitch, 0.92); slice thickness, 1 mm; scan 
time, 1.26 s; field of view (FOV), 250; and matrix, 512×512.

Statistical Analysis
Mean, standard deviation, proportion, and frequency were calcu-
lated. The distribution of the outcome was evaluated with the Kol-
mogorov-Smirnov test. The independent-samples t test was used 
for comparison of the means between two groups. For analysis of 
proportional data, the chi-square (χ2) test was used. SPSS (Statisti-
cal Package for Social Sciences) version 20.0 (IBM Corp.; Armonk, 
NY, USA) was used for the analyses.

Results

Overall, 19 (54.28%) of the 35 patients included in the study group 
were male and the remaining 16 (45.71%) were female. The mean 
age was 48.2±12.5 years. In the control group, 18 (51.42%) of the 
35 patients were male and 17 (48.57%) were female. The mean 
age was 47.6±13.2 years. There was no statistically significant dif-
ference between the study and control groups in terms of age or 
gender (p>0.05). In the study group, unilateral tinnitus was ob-
served in 24 patients (68.57%) and bilateral tinnitus was observed 
in 11 patients (31.42%). Overall, 46 ears with SPT were evaluated. 
Of these 46, 13 (28.26%) had petrous bone pneumatization, and of 
the 13, 11 had increased pneumatization formed of small aircells 
and two had predominant large aircells between internal carotid 
artery (ICA) and cochlea (Figure 1, 2). The control group consisted 
of 35 patients (70 ears) with no ear complaints. Unilateral pneu-
matization was noted in seven patients and bilateral pneumatiza-
tion in four patients. In the control group, 15 (21.42%) of 70 ears 
had petrous bone pneumatization. On comparing study and con-
trol groups, no significant relationship was found between petrous 
pneumatization and tinnitus (p>0.05).

Discussion

Different studies reveal that in the general population, there are 
no majorly different ratios in the incidence of petrous apex pneu-
matization. A study conducted by Glick (14). reveals that pneuma-
tization was found in 12 (29%) of 42 temporal bones. Lindsay et 
al. (15). detected petrous apex pneumatization at a ratio of 21% in 
their series of 100 temporal bones. Jen et al. (16). found this ratio 
to be 33% in their study, and Virapongse et al. (17) detected this 
ratio to be 35% in 141 patients.

The mechanism of PT is explained as the transmission of the 
sound of turbulent blood flow arising from a vessel to the inner 
ear (3). Local or systemic disorders affecting hemodynamics may 
lead to a non-laminar blood flow in major vessels such as ICA. It is 
speculated that in the case of increased resonance, the enhanced 
transmission of the normal sounds without any non-laminar 
blood flow may also lead to SPT (9). Large air cells between ICA and 
cochlea may serve as an amplificator and as a result by enhancing 
the transmission of the normal blood flow sounds to cochlea can 
lead to PT (18).

Topal et al. (19) presented an increased aeration of the tempo-
ral bone in two patients. Yao et al. (20) demonstrated a case with 
unilateral SPT in which the CT scan revealed the erosion of the 
bone between the cochlear basal turn and ICA. Their case shows 
that abnormal run of ICA may result in the transmission of regular 
vibrations of the arterial wall to perilymph or endolymph, thus 
causing SPT.

A study conducted by Tüz et al. (21) presents the case of a patient 
with SPT that had diffuse pneumatization in the temporal bone 
around ICA, and they related the late onset of tinnitus to decreased 
insulation around the ICA because of osteoporosis in the bone as 
a result of old age.

A study by Xue et al. (22) suggests that focal defects at the sigmoid 
and transverse junctions of the mastoid bone cause PT because 
tinnitus completely regresses after the reconstruction of the bone. 
Lund et al. (23) demonstrated a patient with PT due to carotid 
artery-cochlear dehiscence diagnosed by CT.

Remembering the physics law that sound waves are better con-
ducted in solids compared with air, in cases of pneumatization 
where bone is exchanged with air cells, we should not expect am-
plification in the conduction of the normal blood flow sound. In 
our study, we did not find any significant relationship between 
pneumatization and tinnitus, but we detected two cases of pa-
tients with bilateral pneumatization, who had SPT at the side of 
pneumatization, which mainly consisted of a unibody large air 
cell; however, the opposite sides, which consisted of multiple 
small aircells, were free of tinnitus. For these cases, a question 

Figure 1. Petrous pneumatization formed of mainly unilocular large 
aircell at the left side

Figure 2. Petrous pneumatization formed of mainly unilocular large 
aircell at the right side
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arises whether combination of thin bony lamellas and tiny air cells 
together cause multiple interfaces resulting in dispersion and re-
flection thus reducing the energy of the sound and existence of 
a unibody large aircell conducting the sound with relatively less 
distortion and thus resulting in not amplification but less inter-
ference on the sound can be perceived by cochlea as relatively 
increased conduction of the blood flow and result in SPT. To prove 
this theory, a study with a large number of cases in resemblance 
needs to be conducted.

Radiological evaluations will reveal no abnormality in most of the 
patients to explain the cause of their tinnitus. The main aim of 
the imaging study of a patient with tinnitus is to demonstrate the 
treatable causes. We tried to share our experience on imaging of 
SPT.

Conclusion

Tinnitus can be the first finding of a wide variety of diseases with 
life-threatening pathologies. It is very important to relate radio-
logical findings to patient symptoms before concluding that this 
finding is responsible for tinnitus. In our study, no significant re-
lationship was found between petrous pneumatization and tinni-
tus. According to our experience, the coexistence of SPT with large 
aircells between ICA and cochlea may be an answer to some of the 
unexplained causes of tinnitus. To prove this theory, a study with 
large number of cases in resemblance has to be conducted.
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