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The ultimate purpose of eye movement is to maintain clear vision by ensuring that images of 
observed objects are focused on the fovea in ​​the retina. Accurate evaluation of ocular move-
ments, including nystagmus and saccadic intrusions, provides very useful information for 
determining the overall function and abnormality of the complex oculomotor system, from 
the peripheral vestibular system to the cerebrum. Eye movement tests are therefore essential 
for the accurate diagnosis of patients who complain of dizziness and imbalance. They help to 
predict lesion locations from the peripheral vestibular system to the central cerebral cortex 
and play an important role in differentiation from other diseases. The methodology of record-
ing and interpreting ocular movements using video-oculography are described in this review 
article. 
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INTRODUCTION

When there is an abnormality in the oculomotor system, the eyeball does not stay in the 
desired position and the image of the object deviates from the fovea centralis, so eye 
movement occurs to correct this.1 These eye movements include saccades, smooth pur-
suit, vestibulo-ocular reflex (VOR), and optokinetic nystagmus, in which both eyes move 
in the same direction (version), and vergences such as convergence and divergence, in 
which the two eyes move in opposite directions. They are also classified into fast and slow 
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movements according to their velocity.2 The function of 
moving the gaze to a new object is accomplished through 
the rapid saccade eye movement, and the function of keep-
ing the image fixed in the fovea centralis to stabilize without 
slippage is the slow smooth-pursuit eye movement.3,4

Wells generated afterimages of eye movement and re-
corded the slow and fast components of nystagmus in 
1792.5 Schott and Meyers then introduced the concept of 
electronystagmography (ENG) for the first time in the 1920s, 
and after the principle of ENG based on the potential differ-
ence between the cornea and retina was identified by Mow-
rer in 1936, it began to be actively used in eye-movement 
recordings.6 ENG has the advantages of being easy to apply 
and relatively accurate, but it is affected by the surrounding 
environment such as the pathological condition of the reti-
na, skin condition, and laboratory lighting, and the disadvan-
tages of inaccurate vertical eye movement measurements 
and the inability to measure torsional eye movements.7 
The magnetic search coil developed by Robinson in 1963 
could measure torsional eye movements, but its clinical 
use was restricted by the high cost, inconvenience from 
requiring anesthesia in the eye, and the risk of corneal dam-
age.8 As a method to overcome the shortcomings of these 
tests, video-oculography (VOG) is currently widely used in 
clinical practice, which records eye movements using an 
infrared camera and analyzes image data using a computer. 
Eye-movement recordings have made it possible to objec-
tively and quantitatively evaluate eye movement abnormali-
ties found in various neurological disorders.6 

This review article describes the methodology and inter-
pretation of the eye-movement recordings consisting of 
spontaneous and induced nystagmus, and positional nys-
tagmus. 

CLINICAL INDICATIONS AND  
USEFULNESS

Eye-movement recording is used to evaluate ocular move-
ments, and are expressed by synthesizing the information 
from the vestibular, visual, and the proprioceptive systems.9 
This is important for differentiating between central and 
peripheral causes in patients with dizziness and balance dis-
orders.10 Peripheral nystagmus often presents as horizontal 

torsional nystagmus directed to the opposite side of the 
lesion.11 According to Alexander’s law, nystagmus worsens 
when looking toward the opposite side of the lesion (healthy 
side), and improves when looking toward the lesion side, 
and can be suppressed through fixation.12 Central nystag-
mus is generally not inhibited by or may be stronger from 
fixation, and the direction of nystagmus may change de-
pending on the gaze direction.13 Pure-vertical or torsional 
nystagmus suggests that the lesion is located centrally.13 In 
case of abnormal findings in saccades, smooth pursuits, and 
optokinetic nystagmus, the presence of central causative 
disease must be determined. Since abnormal saccades are 
commonly observed in cerebellar lesions and degenerative 
brain disorders, differential diagnosis can be aided by record-
ing the ocular movements.14 Diverse anatomical structures 
involved in smooth-pursuit eye movements, and because 
eye movements are performed through complex intercon-
nections, abnormalities in smooth pursuit may be caused 
by lesions at various sites such as the cerebrum, cerebellum, 
and brainstem; degenerative brain diseases and cerebellar 
disorders in particular can cause abnormalities.15

Eye-movement recordings in laboratories are measured 
as objective values to enable accurate judgment and re-
cording, such as the degree of and changes in abnormal eye 
movement.16 Nystagmus and abnormal eye movements 
are affirmative indicators that reflect abnormalities in the 
nervous system in patients with dizziness and balance dis-
orders. Recording of ocular movements also plays a decisive 
role in determining whether there an organic disease is 
present, and can help to determine the lesion site and differ-
entiate between causative diseases.17 A laboratory oculomo-
tor examination is necessary when visual observations are 
unclear, and clinical changes must be recorded and precise 
interpretation judged with consideration of the neurological 
examinations is required.16 

Patient examinations should include determining the 
duration of the nystagmus, oscillation of objects in the vi-
sual field (oscillopsia), normality of vision, and the presence 
of other neurological symptoms. Oscillopsia is commonly 
observed in acquired nystagmus and is rare in congenital 
nystagmus. If the patient has oscillopsia, it should be deter-
mined if it is aggravated when looking at nearby or distant 
objects, and the worsening pattern according to the gaze 
direction should also be identified. The presence of spon-



12 http://www.e-acn.org https://doi.org/10.14253/acn.2023.25.1.10

  Annals of Clinical Neurophysiology Volume 25, Number 1, April 2023

taneous eye movements in childhood, strabismus, and his-
tory of eye surgery are important in diagnosing congenital 
nystagmus. The use of drugs such as anticonvulsants is par-
ticularly important information to obtain from the medical 
history.

SPONTANEOUS AND INDUCED  
NYSTAGMUS

The vestibular and oculomotor systems are closely connect-
ed, and one of their most common roles is to fix an object 
in the view of the fovea centralis of the retina to obtain clear 
vision.1 When there are abnormal neural circuits, the eyeball 
does not stay exactly in the desired position and may exhibit 
abnormal ocular movements that slowly depart the focus 
from the gaze point and then quickly correct it, which is 
called nystagmus.1 Nystagmus can be tested relatively easily 
in hospital ward and outpatient settings. Physicians can eval-
uate the direction and degree of nystagmus (spontaneous 
nystagmus with fixation) using Frenzel goggles (sponta-
neous nystagmus without fixation) while the patients sits 
and looks straight at a target.

The classification of nystagmus is very complicated be-
cause it considers the lesion site, pattern, cause, and trig-
gering factors. Nystagmus is clinically classified into sponta-
neous nystagmus and induced nystagmus according to the 
pattern of occurrence, and each manifestation of nystagmus 
can be categorized into central and peripheral nystagmus 
according to the lesion site, which is helpful in determining 
the examination method, treatment, and prognosis of pa-
tients.

Spontaneous nystagmus refers to nystagmus presenting 
without a specific trigger. Induced nystagmus can be caused 
by horizontally or vertically changing the gaze direction 
(gaze-evoked nystagmus [GEN]) or shaking the head parallel 
to the plane of the horizontal semicircular canal (head-shak-
ing nystagmus [HSN]). Induced nystagmus also refers to 
nystagmus caused by other types of stimulation, such as 
vibration (vibration-induced nystagmus), hyperventilation 
(hyperventilation-induced nystagmus), or postural change 
(positional nystagmus).18-21 Both spontaneous and induced 
nystagmus can be objectively examined using VOG. The 
VOG system recognizes the pupil and records the position of 

the eye in three directions (horizontal, vertical, and torsional) 
to confirm the direction, velocity, and waveform of nystag-
mus.6

Nystagmus evaluation 

Direction of nystagmus 
The fast component of nystagmus is defined as the direc-
tion of nystagmus. The three-dimensional VOG represents 
the eye position across time, and horizontal, vertical, and 
torsional movements (Fig. 1).22

Velocity of nystagmus
The slope of the slow component of nystagmus (slow 
phase) is its velocity.23

Waveform of nystagmus 
The linear waveform of nystagmus is mostly observed in 
peripheral vestibular disorders. An exponential decrease in 
the velocity of the slow phase indicates abnormality of the 
neural integrator. However, in the case of congenital nystag-
mus, the velocity of the slow phase increases exponentially. 
Pendular nystagmus also has a waveform comprising only 
slow components, and oscillates without the fast ones (Fig. 2).24

Spontaneous nystagmus

Inspection method
Spontaneous nystagmus is inspected by the patient wear-
ing VOG goggles looking directly at a target 1 m away while 
sitting on a chair. This procedure should be performed in 

LH

LV

LT

10°
1 s

Fig. 1. An example of three-dimensional eye-movement recording. 
The nystagmus directions are left, upward, and counterclockwise. LH, 
horizontal position of the left eye; LV, vertical position of the left eye; LT, 
torsional position of the left eye.
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a dark room without other light sources. Calibration is es-
sential to ensure accurate recordings. An examiner asks the 
patient to keep looking at the target for a certain duration 
and then records the spontaneous nystagmus. Changes in 
eye movements are then assessed after covering the entire 
field of view of the patient (spontaneous nystagmus without 
fixation) for the same duration.25

Analysis
Spontaneous nystagmus is observed in peripheral vestibular 
system disorders as horizontal-torsional nystagmus directed 
to the side opposite to the lesion. The degree of nystagmus 
becomes worse without fixation and when looking toward 
the side opposite to the lesion.11,12 Central forms of sponta-
neous nystagmus often appear irrespective of fixation, and 
vertical and torsional nystagmus predominates in some cas-
es.13 However, since spontaneous nystagmus that presents 
in a centrally located lesion frequently looks like it forms the 
peripheral vestibular disorder, the additional characteristics 
of nystagmus should be assessed. The primary cause should 

then be differentiated through a detailed neurological ex-
amination focused on the oculomotor system.26

Gaze-Evoked nystagmus
GEN is nystagmus induced when the eyeball looks at the 
target point out of the primary position. It reflects the func-
tion of the neural integrator, which keeps the gaze position 
in place out of the primary position. The eyes do not main-
tain a fixated eccentric position and begin to drift back to a 
primary position when the neural integrator malfunctions, 
which GEN then compensates for. The slow phase of GEN 
appears in an exponentially decreasing form (Fig. 3).18

Inspection method
In order to inspect horizontal GEN, the target is shifted from 
a primary position to 20-30° to the right and left. The gaze of 
the patient follows the target for about 20 seconds. For ver-
tical GEN, the target is shifted from a primary position to 10-
20° above and below in the same way.27

Fig. 2. Nystagmus waveforms. R, right; L, left.

Slow phase

Slow phase

Slow phase

Slow phase

Fast phase

Fast phase

Fast phase

Eye position Time

R

L

Constant velocity

Increasing velocity

Decreasing velocity

Pendular

Vestibular nystagmus

Congenital nystagmus

Gaze-evoked nystagmus

Pendular nystagmus
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Analysis
GEN is a type of nystagmus that occurs when the eyeball is 
out of the primary position and looking to one side. Tonic 
contraction of the extraocular muscles that can counteract 
the elasticity of the tissue around the eyeball to return the 
eyeball to its original position is required to maintain the 
eyeball deviating to one side.27 Continuous nervous system 
excitation is required for this, and the structure responsible 
for this mechanism is called the neural integrator.27 This 
integrator maintains contraction of the extraocular muscles 
by converting a command (pulse) for the velocity of the eye 
movement into information (step) for the position of the 
eyeball to induce the VOR, saccades, and smooth pursuit.28 
The nucleus prepositus hypoglossi, medial vestibular nucle-
us, and the cerebellar flocculus play roles as neural integra-
tors in horizontal eye movements, and the interstitial nucle-
us of Cajal is involved in vertical and rotational ones.27 When 
the function of the neural integrator is degraded, the eyes 
do not remain at the desired position and move toward the 
center, causing the fast phase of nystagmus to compensate 
for this abnormal eye movement.29 The time constant of eye 
movement is typically 20-70 seconds in normal conditions, 
but this decreases to less than 1 second if the neural integra-
tor is abnormal.30 GEN is often suggestive of lesions in the 
lobe and connections of the cerebellum.31 The waveform of 
nystagmus has a characteristic decelerating slow phase.32 

GEN should be differentiated from end-point nystagmus, 
which occurs when the eyes have a tendency to look in one 
direction.27 End-point nystagmus often disappears after a 
few instances, and it is not a pathological phenomenon be-
cause it can even be observed in normal conditions due to 
fatigue when looking in one direction for more than 30 sec-
onds.33 In addition, if it is observed only in the horizontal di-
rection with an amplitude of less than 4°, even if nystagmus 

is continuously present, it cannot be regarded as a patho-
logical phenomenon and may appear differently in the two 
eyes.33 GEN is suggested when the amplitude of the nystag-
mus is greater than 4° or it is fixed asymmetrically in both 
directions.13,34 The most notable difference is the change in 
the slow-phase velocity in a dark room. The velocity of the 
slow phase nearly doubles in end-point nystagmus, where-
as in GEN there is almost no change.13,35 When clinically 
evaluating GEN, the eyeball should not deviate more than 
30° from the center to avoid confusion with end-point nys-
tagmus.36 Since the maximum range of horizontal eyeball 
movement in healthy adults is about 45°, the range from the 
center to the maximum lateral gaze is generally divided into 
three parts so that the eyeball position does not exceed two-
thirds. When the target is too close, nystagmus or saccadic 
oscillation may occur due to convergence, so it is better to 
place the target as far away as possible. The most common 
cause of GEN is drug use (e.g., anticonvulsants, sedatives, or 
alcohol), which should therefore be checked in patients with 
GEN. Both horizontal and vertical drug-induced types of GEN 
are common. 

Head-shaking nystagmus

Inspection method
HSN is inspected by covering the view of the patient in a 
sitting position. Then, with the head bent forward parallel 
to the horizontal semicircular canal, an examiner shakes the 
head 20-30 times at a speed of about 2 Hz and observes the 
nystagmus. Since the patients can involuntarily close their 
eyes during the examination, they should be instructed to 
keep them open.37 

Analysis
HSN is rare or very subtle in healthy patients. In unilateral 
vestibular disorders, HSN can appear toward the affected 
side according to the asymmetry of excitatory signals that 
accumulate in the central velocity storage mechanism. HSN 
is also observed in the presence of central lesions, typically 
in lateral medullary infarction. It is directed toward the lesion 
side regardless of the direction of spontaneous nystagmus. 
In the presence of cerebellar lesions, HSN can appear per-
pendicular to the direction of the head-shaking (upward or 
downward, which is referred to as perverted HSN).19,38

Fig. 3. Horizontal gaze-evoked nystagmus in patients with cerebellar 
dysfunction. H, horizontal.

10°
3 s

H
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Hyperventilation-induced nystagmus

Inspection method
Hyperventilation-induced nystagmus is inspected by the 
patient breathing deeply and quickly to induce adequate 
hyperventilation (1 Hz for 30-60 seconds) while in a sitting 
position, and the examiner then observing the nystagmus. 
Since the eyes could be involuntarily closed during hyper-
ventilation, patients should be instructed to keep them 
open.39

Analysis
Hyperventilation-induced nystagmus often occurs in the 
demyelinating lesion within the vestibular nerves. Hyper-
ventilation reduces the partial pressure of carbon dioxide 
and H+ in the blood, which results in metabolic alkalization, 
and the nerve conduction velocity increases as the ionized 
calcium concentration temporarily decreases. The demyelin-
ated vestibular nerve therefore temporarily increases nerve 
conduction after hyperventilation, causing excitatory nys-
tagmus toward the lesion side. In particular, because hyper-
ventilation-induced nystagmus occurs in more than 50% of 
acoustic neuroma cases, it can be used for screening.40 Focal 
ischemia due to vasospasm, effects on the vestibular com-
pensatory tract, intracranial pressure changes, and epilepsy 
are also discussed as mechanisms by which hyperventilation 
induces or enhances nystagmus. When the same symptoms 
are caused by pressure changes in the external auditory 
canal, it is called Hennebert’s sign, and the mechanism is 
known to be similar.39

Positional nystagmus

Inspection method
The patient is seated on a bed when inspecting positional 
nystagmus. The eye movement is first observed for about 
30 seconds or more while the head is bowed forward by at 
least 30° (head-bending nystagmus). The head is then raised 
and pointed forward to determine if there is a reverse move-
ment. With the head facing forward, the patient is asked 
to lie down and the eye movements are observed for the 
same amount of time (lying-down nystagmus). During this, 
a pillow is used to keep the neck flexed at about 30° from 
the ground to keep the horizontal semicircular canal parallel 

to the ground surface. The head is then rotated to the right, 
front, and left in order by 90° each, and the eye movements 
are observed for the same amount of time in each position 
(supine head-roll test). The patient then sits back up, has 
their head moved to a straight position, and then lies down 
flat. At this time, the head should be tilted back by 20-30° 
from the examination table (neck extension), and eye move-
ments should be observed for about 30 seconds (straight-
head-hanging test). The patient is then asked to sit down 
to check for reversing nystagmus. From a seated position, 
the head is then turned 45° to the right and the patient lies 
down on their back. At this time, the head should be tilted 
back by 20-30° from the examination table (neck extension), 
and eye movements should be checked for about 30 sec-
onds (right-side Dix-Hallpike test). The patient then sit backs 
and reverse movement is checked for. The same maneuver 
is then repeated with the head turned 45° to the left (left-side 
Dix-Hallpike test). If nystagmus is observed at either stage, it 
should be observed for a sufficient time until it disappears or 
constant-velocity nystagmus is maintained for more than 30 
seconds (Fig. 4).21

Analysis
Confirming the presence of positional nystagmus is essential 
for diagnosing benign paroxysmal positional vertigo (BPPV). 
The Dix-Hallpike and supine head-roll tests are often used to 
diagnose BPPV in the posterior and horizontal semicircular 
canals, respectively (Fig. 4).41 In the case of posterior semi-
circular canal BPPV, torsional-upward nystagmus toward 

Fig. 4. Right-side Dix-Hallpike test (A) and supine head-roll test (B).

A

B
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the lesion side is observed in the Dix-Hallpike test, and the 
nystagmus often disappears within 1 minute.42 When seated 
again, torsional-downward nystagmus occurs in the oppo-
site direction.42 In the case of horizontal semicircular canal 
BPPV, geotropic or apogeotropic horizontal nystagmus is 
observed during the supine head-roll test.43 Geotropic nys-
tagmus beats toward the ground, which is often caused by 
the otoliths in the canals (canalolithiasis), and the side with 
the stronger nystagmus is the lesion side. Apogeotropic 
nystagmus that beats away from the ground is caused by 
otoliths attached to the macula (cupulolithiasis), and the 
side with the weaker nystagmus is the lesion side.44 If the 
strength of the nystagmus is similar in both directions on 
the supine head-roll test, the direction of nystagmus during 
head-bending and lying down may be helpful for confirm-
ing the lesion side.45

Positional nystagmus and vertigo are mostly caused by 
peripheral lesions, but may be rarely observed in cases of 
central lesions if they are located near the fourth ventricle.46 
Positional nystagmus caused by central lesions is mostly 
vertical (upbeat or downbeat) nystagmus, and is often ac-
companied by other neurological abnormalities.47 Positional 
nystagmus without vertigo is suggestive of a lesion located 
centrally.48 Even if positional downbeat nystagmus is ob-
served on the head-hanging test, but the vertigo is mild, the 
possibility of a lesion in the cerebellum should be consid-
ered.48 Common causes of central positional vertigo include 
multiple sclerosis, cerebellar atrophy, cerebellar tumors, and 
Chiari malformations.46

CONCLUSION

Nystagmus is characterized by repetitive movements of the 
eyes, initiated by slow phases. Although physiologic nys-
tagmus can occur, most cases of nystagmus are associated 
with underlying pathology. When examining for pathologic 
nystagmus, a systematic study of changes in fixation, eye 
position, and head position should be performed. Nystag-
mus can be triggered by head shaking and hyperventilation. 
Although nystagmus is typically described based on the di-
rection of the quick phases, it is the slow phases that reveal 
the underlying disorder. In clinical practice, differentiating 
between peripheral and central nystagmus is of the utmost 

importance. By carefully observing nystagmus, clinicians can 
gain valuable insights into the underlying pathology.
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