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Can Oculomotricity Be Altered in Patients
with Tinnitus Only? A Preliminary Study
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Abstract: The study of oculomotricity is performed by evaluating three systems: saccadic ocular movements (SOMs), optokinetic nystagmus (OKN), and smooth pursuit eye movements
(SPEMs). Our aim was to study oculomotricity in patients with a complaint of only tinnitus
and to compare it with the value of our control group. We studied the SOMs, OKN, and
SPEMs in 25 patients complaining only about tinnitus and in 35 normal adults and compared
the results. The data analysis showed a significant difference in the value of the SOMs and
SPEMs between the two groups. Sensorineural tinnitus can originate in the organ of Corti, in
the cochlear nerve, or in the auditory pathways of the central nervous system. The auditory
cortex connects with visual areas and with the superior colliculus. The latter structure is involved in the origin of SOMs and OKN. In our study, we found an increased delay in saccadic
tests. In the SPEMs, we observed an increase in the degree of distortion, and a reduction in the
gain. This outcome is in accordance with the literature. However, we detected a few alterations
in the OKN, and this finding is in partial agreement with the studies analyzed. Alterations in
oculomotricity can indicate involvement of the central nervous system in patients with a complaint of only tinnitus.
Key Words: oculomotricity; optokinetic nystagmus; saccadic ocular movements; smooth
pursuit eye movement; tinnitus

T

innitus is a complaint in 80% of otolaryngologists’ patients, especially in those who present
with some kind of hearing problem, and can be
so severe that it becomes incapacitating [1]. Tinnitus
can be defined as a hearing illusion, a sonorous sensation without an external stimulating source. It can be the
unique or the primary symptom in some diseases, potentially affecting patients’ health and, indirectly, the
health of their families. Thus, a correct diagnosis and
effective treatment are required [2,3].
Sensorineural tinnitus may be peripheral when it
originates from the organ of Corti or the cochlear nerve
and central when it originates from the central nervous
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system (CNS) auditory structures. Tinnitus may be a
symptom in many diseases. Therefore, a complete medical and audiological evaluation is an important initial
step in the diagnostic approach. Commonly used tests
are pure-tone and speech audiometry, imitanciometry,
electrocochleography, otoacoustic emissions, and auditory brainstem response. However, the inner ear is a
distinct complex organ, and the cochlear and vestibular
parts work together, thereby achieving cochleovestibular unity. Thus, existing cochlear alterations can affect
the posterior labyrinthine structures.
Many patients with tinnitus display abnormal vestibular test results even in the absence of vertigo or other
balance disorders. This should alert specialists to the necessity for undertaking a complete evaluation of the vestibular and auditory systems in patients with tinnitus,
owing to the anatomical and functional proximities of
these systems, which supports the use of vestibular tests
in patients with hearing disorders [4–7].

Altered Oculomotricity and Tinnitus

Does this functional relation also exist between the
auditory and the central vestibular pathways? Bergenius [8] observed oculomotricity alterations in perhaps
one-half of the patients with deafness of retrocochlear
origin. Wall et al. [9] described the triggering of tinnitus
during oculomotricity tests in patients who underwent
surgical removal of cerebellopontine-angle tumors with
sectioning of the eighth cranial nerve.
Claussen et al. [10] studied the activity of cerebral
electric mapping in tinnitus patients subjected to the
evoked potential vestibular test. These authors discussed
the possibility that tinnitus was being caused by some
form of abnormal spontaneous CNS activity. Shulman
and Goldstein [11] suggested a common final pathway
for tinnitus: mainly the temporal and frontotemporal
areas in severe cases.
The study of oculomotricity is performed by evaluating three systems: saccadic ocular movements (SOMs),
optokinetic nystagmus (OKN), smooth pursuit eye
movements (SPEMs). This overall action allows stabilization of one’s field of vision during the various movements to which an individual is subjected.
The term saccadic is defined as a quick eye movement
of high velocity (on the order of hundreds of degrees per
second), the purpose of which is to maintain the image
over the fovea [12,13]. Controversies persist regarding
neural mechanisms involved in the execution of SOMs.
However, recent studies indicate that the generator of
horizontal movement lies in the medulla-point reticular
formation, around the abducent nucleus, whereas the generator of vertical movement originates in the medial rostral reticular formation to the oculomotor nucleus [14,15].
The movement of a visual scene through the field of
vision evokes an involuntary and conjugated ocular
movement denoted as OKN. The optokinetic function
operates with visual signals from the fovea and retinas
[12]. The mechanism of this function is also controversial, but it is believed that two distinct neural pathways
are responsible for its control: the subcortical pathway,
with initial processing in the optic tract nucleus but with
input by the visual cortex, and another more recent
pathway related to the SPEMs (voluntary).
The SPEMs comprise the oculomotor control mechanism that moves the eyes to stabilize the targeted image
over the retina. The neural path involved in these movements passes by the occipital cortex, temporal cortex, parietal cortex, corpus callosum, pons, and cerebellum [16].

ABNORMALITIES IN OCULOMOTRICITY
Oculomotor tests have been used in the study of certain
diseases that compromise the CNS and that have tinnitus as one of their manifestations. Inhibition of OKN
and alteration of SPEMs were described in one case of
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aqueduct stenosis with associated hydrocephaly [17].
In Arnold-Chiari malformation, there is reported damage to SPEMs and inhibition of OKN due to compression of the herniated cerebellum [18].
Dyssymmetry in SOMs and damage to the OKN and
SPEMs were reported in Friedreich’s ataxia and cerebellar and olivopontine atrophy [19–21]. Oculomotor
alterations due to demyelination in multiple sclerosis are
well-known. The SPEMs and OKN are compromised,
and the latency of SOMs is increased owing to internuclear ophthalmoplegia [22,23].
Ohki et al. [24] described reduction in the velocity
of the SOMs and alterations in OKN and SPEMs in patients with early-stage amyotrophic lateral sclerosis.
Various severe oculomotricity disturbances were reported by Breuer et al. [25] in patients with progressive
supranuclear paralysis.
In Parkinson’s disease, well-known alterations occur
in oculomotricity; however, a study by Degl’Innocenti et
al. [26] reported the improvement of some oculography
characteristics in phase-off, contrary to clinical evidence, suggesting that the oculomotor system is functionally separated from the system that controls arm
movements. Oepen et al. [27] described reduction in the
SOMs and OKN speed and alterations in SPEMs in patients with Huntington’s chorea.
Advanced cases of essential tremor might display a
compromise of cerebellar structures involved in ocular
movement control. This fact was evidenced in studies by
Helmchen et al. [28] on the difficulty of initiating
SPEMs. In tension headache, reductions of velocity and
amplitude of SOMs and in the gain of SPEMs have
been reported [29].
Alterations in the three oculomotricity elements have
been reported in schizophrenia, suggesting that the lesion site is over the brainstem [30,31]. Konrad et al.
[32] reported in patients with cerebrovascular diseases
a lower gain in SPEMs and a higher latency and reduction of the precision of SOMs.
Josefowicz-Korczynska et al. [33] used oculomotricity
tests in evaluating patients with tinnitus due to vertebrobasilar insufficiency, finding alterations in SPEMs and
SOMs. In presbyvertigo, oculomotricity tests are useful to
suggest the compromised site of age-related changes concerning disturbances in oculovestibular integrations. One
alteration is OKN asymmetry [34]. Individuals exposed to
toluene can manifest increased SOM velocity due to neurotoxicity, as described by Hyden et al. [35].
Some infectious diseases (human immunodeficiency
virus [HIV] and syphilis) might cause CNS dysfunction
and provoke oculomotricity alterations [36,37]. However, none of theses studies points toward tinnitus as an
isolated complaint or, at least, as a main symptom.
The purpose of this preliminary study was to evaluate
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to the vision and somatesthetic areas [39]. Connections
between the auditory cortex and superior colliculus have
also been described; this structure is involved in the origin of SOMs and OKN [16]. This anatomical configuration can aid in explaining alterations in the central
vestibular system in patients with auditory symptoms.
CNS functional reorganization due to neuroplasticity may also be involved in tinnitus origin. Wall et al.
[9] described the rise of tinnitus during oculomotricity
tests in patients undergoing removal of a cerebellopontineangle tumor with section of the eighth nerve. An abnormal interaction between the vestibular nucleus and the
cochlear nucleus due to neural sprouting is a probable
explanation. Coad et al. [40] and Biggs and Ramsden
[41] also observed tinnitus worsening during oculomotor tests and attributed it to CNS neuroplasticity. This
idea is consistent with that of Lockwood et al. [42], who
described an association between tinnitus and plastic
transformations in the central auditory system that occur by the appearance of aberrant auditory pathways.
Regarding SOMs, our study showed an increase in
latency in patients with tinnitus only when compared to
the control group. This increased SOM latency was described in ataxia, suggesting cerebellar involvement
[21]; in multiple sclerosis, owing to medial longitudinal
fasciculi injury; in the other brainstem structures functionally involved in the programming of saccades [22];
in Huntington’s chorea [27]; and in cerebrovascular diseases [32]. However, Carlsson and Rosenhall [29] evaluated patients with tension headache and did not find
alterations in SOM latency and precision. We observed
compromise in the right and left SOM latency. We also
observed increased precision of SOM and did not find
any explanation for this in the literature we analyzed.
In our research, no significant differences were seen
between the patient group and control group regarding
OKN gain. Konrad et al. [32] studied patients with cerebrovascular diseases and observed that optokinetic responses were not affected. However, our results disagree

SOMs, OKN, and SPEMs by measurements obtained
with oculography in patients with tinnitus but without any
other cochleovestibular symptom. We sought to analyze
whether differences are evident between the results of the
studied group and those of the control group consisting of
individuals without cochleovestibular symptoms.

PATIENTS AND METHODS
The study group was composed of 25 patients (ages
15–72 years; 13 men, 12 women) having tinnitus complaints but no other cochleovestibular symptoms. We
chose for the control group 35 adults (ages 22–70 years;
10 men, 25 women) without any medical history or
physical examination data that might suggest abnormal
ocular patterns.
To perform the vestibular examination, we used
computerized vestibulometry, an exam consisting of calibration and registration of SOMs, OKN, and SPEMs.
The aspects studied were SOM right and left latency
and precision, OKN right and left gain, and SPEMs
right and left gain and distortion grade. The statistical
data analysis was performed with the Student’s t test to
compare the average in both samples [38].

RESULTS
The data analyses showed significant Student’s t test
results at level   0.05 to the variables SOM right and
left latency and precision and SPEM right and left gain
and distortion grade. Table 1 lists the value of mean,
standard deviation, and significance in both groups.

DISCUSSION
The primary auditory cortex is located in the anterior
transversal temporal gyrus, but the association areas
connect it to the frontal and temporoparietal regions and

Table 1. Mean, Standard Deviation, and Significance in Both Groups
SOM

OKN

SPEMS

RL

LL

RP

LP

RG

LG

DG

RG

LG

Mean values
Tinnitus group
Control group

329.00
194.49

321.18
180.86

106.35
90.60

106.35
94.20

92.35
82.52

90.08
80.11

27.03
5.77

57.53
85.06

58.50
81.54

Standard deviation
Tinnitus group
Control group

177.42
41.05

189.84
32.97

29.61
12.71

20.72
12.19

34.33
12.22

40.49
12.72

11.16
6.00

18.97
17.15

18.11
18.50

Significance value

0.007*

0.008*

0.049*

0.036*

0.351

0.418

0.000*

0.001*

0.002*

*Significant at   0.05.
DG  distortion grade; LG  left gain; LL  left latency; LP  left precision; OKN  optokinetic nystagmus; RG  right gain; RL  right latency; RP  right precision;
SOM  saccadic ocular movements; SPEMs  smooth pursuit eye movements.
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with the majority of the publications, which describe
OKN alterations (e.g., asymmetrical responses [43],
damage in slow phases [19], and reduction in velocity
of fast phase [27]). Some authors have reported unspecified OKN compromise [20,23–25,30,31]. Maybe in enlarging our study population, we will find abnormalities of OKN.
The SPEM research showed an evident increase in
distortion grade and impairment gain values in patients
with tinnitus only, and the literature described the same
[19–24,27–30,32,36,37,44]. All alterations described
suggested that CNS disruption and oculography are essential contributors to proving a topographical diagnosis of the pathology [25]. References to the importance
of unilateral or bilateral tinnitus were not found in the
literature. However, we did not consider unilateral or
bilateral tinnitus important because of crossroads of the
auditory pathways.
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