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ABSTRACT

Background: Objective assessment of oculomotor function provides valuable information for the evaluation
of central and peripheral nervous system integrity. Videonystagmography (VNG) allows quantitative analysis
of eye movements and facilitates the establishment of normative reference values in healthy populations.
Methods: Oculomotor function was assessed in 31 healthy adults (mean age: 53.6 years, range: 19-
79 years) with no history of neurological disease using videonystagmography. Optokinetic nystagmus,
saccadic eye movements, and smooth pursuit eye movements were recorded. Participants were divided
into two age groups (<50 and =50 years) to investigate age-related effects. Parameters analysed included
gain, latency, velocity, accuracy, and peak velocity (velocity/amplitude ratio), depending on the type of
eye movement. Results: Optokinetic nystagmus gain showed symmetrical responses between movement
directions and decreased significantly with increasing stimulus velocity, while no significant association with
age was observed. Saccadic eye movements demonstrated symmetrical performance in both horizontal
and vertical planes. Saccadic latency increased significantly with age, whereas mean velocity, peak velocity,
and accuracy were not significantly affected. Smooth pursuit gain decreased with increasing target motion
frequency and age, particularly at higher frequencies, with horizontal smooth pursuit exhibiting higher
gain values than vertical pursuit. Conclusions: The present study provides normative reference data for
oculomotor parameters in a healthy Greek cohort. The findings also indicate that age-related effects
on oculomotor function are parameter-specific, predominantly affecting timing-related and dynamic
performance measures, while basic execution-related parameters remain relatively preserved. Ultimately,
the data highlight the utility of modern binocular videonystagmography in precisely assessing oculomotor
function, aiding in the differentiation between physiological aging and pathological conditions.
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AIOOSAAMH BINTEONYZTATMOIPA®IKH ANAAYZH
NAEIAZ MAPAKOAOYOHZHZ, ZAKKAAIKQN KINHZEQN
KAI OMTIKOKINHTIKOY NYZTAIMOY XE YTIEIZ ENHAI-
KEZ

Mixdins T{wpt{akdkns', Nikos Kapavbpéas', Eudyyedos Avayvwotou’

T Movdba KAvikins Neupopuaiofoyias, A” NeupoAoyikn KAvikn, Atyiviteio Noookopeio, ABnva

MNepiAnyn

Eicaywyn: H avukeipevikh ag§ioAdynon s opBanpokivnukdtntas Napéxel onpavukeés nAnpoeopies yia tny
EKTIUNON TNS AKEPAIOTNTAS TOOO TOU KEVIPIKOU OCO0 KAl TOU MEPIPEPIKOU VEUPIKOU ouothpatos. H PBivieo-
vuotaypoypagia (VNG) enitpénel tnv kataypagn kai avaduon twv opBafpik®dv KIvhicewy SieukoAUvovtas
tov npoodiopiopd puaolodoyikOy TPy avagopds otov uyin nAnBuoud. MeBodonoyia: MenethBnkav ol
opBanuikés kivhoels 31 uyidv evniikwv (uéon nAikia: 53,6 €, e0pos: 19-79 €n) pe enelBepo 10TopIKO
veuponoyikhs vdoou, PE TN Xphon PIVIEOVUCTAYUOYPAPIKOU CUCTAHIATOS. ZUYKEKPIUEVA KAtaypdapnkav o
onNToKIVNTKOS vuotaypds, ol oakkadikés KivAoels kal n Agia kivhon napakodouBnons. O CUUPETEXOVTES
xwpfotnkav o€ dUo nAikiakés opddes (<50 kal =50 1) yia t diepedvnon s enidpaons s nAikias. O1 na-
pauetpol nou avanubnkav nepinduBavav to gain, i AavBavouoa nepiodo, tn péon kal t péyiotn taxytnta,
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kaBs kar v akpifeia, avaddyws tou €idous s opBadpikhs kivnons. AnoteAéopata: O ontokivNTKOs
VUOTaYHOS Napousiace CUPPETPIKA andkpion PETaty twv KAteuBUuvoswy Kivnons Kal PJEiwon Tou gain e tnv
augnon s taxytntas tou epeBIoUATos, xwpIs OTAUCTUKA ONPAVIKA ouoxéuon pe tnv nAikia. O oakkadIkEs
KIVAOEIS EPQAVIOaV CUMMETPIKA CUPNEPIPOPE OTo opIddvuo Kal oto kaBeto eningdo, evid n AavBdvouca ne-
piodos napouciale au&non pe v autnon tns nAikias. AvtiBeta, n pyéon kail n péyiotn taxutnta, kabws kai n
akpiPela, bev ennpedotnkav onuavukd and tnv nAikia. Xus Aeies kivhoels napakofouBnons napatnphonke
Heiwon tou gain pe tnv au&naon s cUXvOTNTAS Kivnons Tou otdxou Kal tns NAIKias, Kupiws oto opifdvto ni-
nedo. Tupngpdaopata/culhtnon: Ta anotenéopata tns penémns Geixvouv 6T ol NAIKIOKES eNIGPATEIS otV
opBanuokivnukdtnta €ival eEaptmpeves and 1o €ibos tNs NAPAPETPOU Kal TOU CUCTAPIATOS €A€yXou, nnpe-
adovtas KUpiws XPOVIKES Kal SUVAUIKES NAPAUETPOUS, eV Ol BACIKOI UNXAVIOUOI EKTEAEONS TwV KIVACEWY
diatnpouvtal. H napouoca epyacia napéxel puolonoyIkés TPES avagopds yia napapétpous opBanpokivnT-
kétntas og uyin evhniko NANBUopd kal unootnpilel tTh xpnolddnta ns Pivieovuctaypoypadias otnv KAvikh

agiofdynon kal otn didkpion peta&u puaoionoyikns yhpavons kal naBoAoyIkdy Kataotdoewy.

Né€eis-kAe1d1a: Lakkadikés Kivhaoels, Agia kivnoa napakoiouBnaons, ontokivnTKOs VUoTayuds

INTRODUCTION

Oculomotor function is fundamental for maintaining
clear, stable, and high-resolution vision, allowing
accurate projection of a visual target onto the
macula and, more specifically, the fovea. The
transfer and stabilisation of the retinal image at the
desired location are achieved through specialised
eye movements, which are controlled by complex
cortical, subcortical, cerebellar, and brainstem
neural networks. In humans, eye movements are
predominantly binocular and conjugate, with
the visual axes of both eyes moving in the same
direction Different types of eye movements are
subserved by distinct neural circuits within the central
nervous system, all of which converge on a common
final pathway downstream of the three ocular motor
nuclei to innervate the extraocular muscles. The
detailed functional neuroanatomy of these circuits
has been extensively elucidated over recent decades,
providing an excellent tool for the clinical neurologist
in diagnostic practice. The present study focuses on
three major types of conjugate eye movements:
saccades, smooth pursuit, and optokinetic
nystagmus, which constitute key indicators of the
functional integrity of the oculomotor system.
Saccadic eye movements are rapid, brief eye move-
ments that shift the visual axis from one target to
another within the visual field. They represent the
fastest voluntary movements of the human body and
are characterised by high velocities, short duration,
and a distinct latency period.l"*! The principal central
nervous system structures involved in the execution
of saccadic eye movements includef?3:
e Frontal Eye Fields (FEF) and other structures
of the cortex
e Dorsal vermis and the fastigial nucleus of the
cerebellum
e Paramedian Pontine Reticular Formation, nu-
cleus Prepositus Hypoglossi, and Medial Ves-
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tibular Nucleus, for the horizontal saccades
in the pons
e rostral interstitial nucleus of the Median Lon-
gitudinal Fasciculus, and Interstitial nucleus of
Cajal for the vertical saccades in the midbrain.
Their evaluation is based on specific parameters®:
1) latency: the time required for sensory processing
and motor planning, until the initiation of motion.
2) mean and peak velocity: in degrees/sec. Consid-
ering that saccadic eye movement velocity is varying,
both mean and peak velocity are employed for its
assessment.
3) accuracy, defined as the degree of correspond-
ence between the final eye position and the target
location.

Smooth pursuit eye movements enable continu-
ous tracking of slowly moving targets, maintaining
the retinal image on the fovea throughout motion.
Unlike saccades, smooth pursuit is characterised by
continuous and smooth changes in eye position. The
principal central nervous system structures involved
in the execution of smooth pursuit movements in-
clude®:

* Mainly parts of the visual cortex

e Floculus and parafloculus in the cerebellum

e the Dorsolateral Pontine Nuclei and the Medial

Vestibular Nuclei.

The primary parameter used to assess smooth
pursuit function is gain, defined as the ratio of eye
velocity to target velocity, which ideally approaches
unity.®

Optokinetic nystagmus is a physiological reflex
elicited by large-field visual motion stimuli that cre-
ate the perception of environmental movement. It
consists of an alternating slow phase, during which
the eyes follow the moving visual pattern, and a fast
resetting phase in the opposite direction.® The main
brain structures involved in optokinetic nystagmus
are:
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e The Nucleus of the Optic Tract

e The vestibular nuclei in the pons

e The floculus in the cerebellum.

Analysis of the slow phase, commonly expressed
by the gain parameter, is widely used to assess the
functional interaction between visual and vestibular
mechanisms. !

Videonystagmography (VNG) has become an es-
tablished, non-invasive method for recording and
quantitatively analysing eye movements. Modern
VNG systems allow precise measurement of mul-
tiple oculomotor parameters, like those that were
mentioned before, and facilitate the development
of normative databases, which are essential for the
interpretation of pathological findings.

The aim of the present study is to quantitatively
analyse saccadic eye movements, smooth pursuit, and
optokinetic nystagmus in a healthy adult population
using videonystagmography, as well as to investi-
gate the effects of age and movement direction on
selected parameters. The results of this study are in-
tended to contribute to the establishment of reliable
normative reference values for future comparisons
with non-healthy populations.

MATERIALS AND METHODS

The present study was approved by the Ethics and
Research Committee of Eginition Hospital.

Participants

Thirty-one healthy adults participated in the study,
with no history of central nervous system disorders
or other conditions that could affect oculomotor
function. The sample included 16 females and 15
males, aged between 19 and 79 years. For the
analysis of age-related effects, participants were
divided into two age groups: younger than 50 years
and 50 years or older.
Equipment

Eye movement recordings were obtained using
the Visualkyes™ 525b videonystagmography system
(Interacoustics, Denmark), which is based on vide-
onystagmography (VNG) technology. Specialised gog-
gles equipped with integrated infrared cameras were
used to continuously record eye position and move-
ment. Data were recorded, processed, and stored
using the manufacturer’s dedicated software. For
selected analyses of saccadic eye movements, data
were exported in ASCIl format and analysed offline
using custom-written laboratory software in MATLAB
R2021b (MathWorks, Natick, MA, USA). Eye velocity
was computed by digitally differentiating the dis-
placement signal while accounting for the sampling
rate of 100 Hz. The resulting time series was then
smoothed using a tenth-order Butterworth low-pass
filter with a cutoff frequency of 40 Hz, followed by

an eight-sample, first-order Savitzky-Golay filter.

Experimental procedure

Participants were examined in a seated position
while wearing the VNG goggles and were instructed
to visually follow stimuli presented on a screen
positioned directly in front of them (Figure 1). All
tests were performed according to standardised
protocols and included recordings of saccadic eye
movements, smooth pursuit eye movements, and
optokinetic nystagmus.

Figure 1. Experimental setup for videonystagmo-
graphic recording of eye movements. Participants
were seated facing the recording screen while wear-
ing VNG goggles (here, facing a moving visual pattern
for optokinetic nystagmus examination).

Saccadic eye movements

Saccadic eye movements were recorded in both the
horizontal and the vertical plane. Participants were
instructed to shift their gaze between sequential
visual targets appearing at predefined positions on
the screen.
The following parameters were analysed:
e Mean latency (ms)
e Mean velocity (°/s)
e Accuracy (%)
e Peak velocity, estimated using the velocity/
amplitude (vel/amp) ratio, defined as the ra-
tio of peak velocity to saccade amplitude.

Analyses were performed separately for each
movement direction (rightward/leftward and up-
ward/downward).

Smooth pursuit eye movements

Smooth pursuit eye movements were recorded in
both the horizontal and the vertical plane. Participants
were instructed to follow a visual target moving in a
sinusoidal pattern at predefined frequencies.
The analysed parameters were:
e Gain, defined as the ratio of eye velocity to
target velocity
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e Symmetry, calculated from the difference in
gain values between opposite movement
directions and expressed as a percentage.

In the horizontal plane, five target motion fre-
guencies were examined (0.1, 0.2, 0.3, 0.4, and 0.5
Hz), whereas in the vertical plane three frequencies
were analysed (0.1, 0.2, and 0.3 Hz). Vertical smooth
pursuit analysis was performed in 30 participants.

Optokinetic nystagmus

Optokinetic nystagmus was recorded in the horizontal
plane. Participants were exposed to moving visual
patterns covering a large portion of the visual field.

The analysed parameter was:

e @Gain, defined as the ratio of the mean
eye velocity during the slow phase
of optokinetic nystagmus to the ve-
locity of the moving visual stimulus

Recordings were performed at two different stimu-
lus velocities.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics (version 21.0). Data are presented as mean
+ standard deviation. The choice of statistical tests
was based on the distribution of the variables. Nor-
mal reference ranges were determined using either
+2 SD from the mean or the 5th 95th percentile
range, depending on data distribution. Statistical
significance was set at p < 0.05.

RESULTS

Participant characteristics

A total of 31 adults with no history of neurological
disease were included in the study. Of these,
16 were female (51.6%) and 15 were male
(48.4%). Participants’ age ranged from 19 to 79
years, with a mean age of 53.6 years (SD: 17.9).
Thirteen participants (41.9%) belonged to the
younger age group (<50 years), while 18 participants
(58.1%) were aged 50 years or older.

Optokinetic nystagmus

For optokinetic nystagmus, the gain of the slow
phase was analysed in the horizontal plane at two
stimulus velocities (20°/s and 40°/s) and for both
directions. Mean gain values and standard deviations
for the total sample, as well as for the two age
groups (<50 and =50 years), were calculated and
the proposed normal reference ranges for gain, based
on data distribution, are shown in Table 1.
Comparison of mean gain values between the
two movement directions (leftward vs. rightward) re-
vealed no statistically significant differences at either
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20°%s (p = 0.40) or 40°/s (p = 0.78). In contrast, com-
parison between stimulus velocities demonstrated
significantly lower gain values at the higher velocity
(40°/s) compared with 205 for both directions (p <
0.001). Correlation analysis between age and gain
showed a negative association across all recording
conditions; however, none of the correlations reached
statistical significance (p > 0.05).

Table 1. Normal ranges of gain.

Gain Gain Gain Gain
(20°/s) |(40°/s) [(20°/s) |(40°/s)
left- left- right- right-
ward ward ward ward
Total 60-100 |35-102 |55-108 |[33-106
sample
(n=31)
Age <50 |61 -100 [34-108 |56-112[39-112
(n=13)
Age =50 |50-113 [36-100 |53-106 |30-100
(n=15)

Gain: eye velocity to target velocity ratio.

Saccadic eye movements

Mean values and standard deviations for all
parameters for the total sample, as well as for the
two age groups (<50 and =50 years) were calculated
and

Horizontal saccades

For horizontal saccadic eye movements, the
parameters latency, mean velocity, peak velocity
(estimated using the velocity/amplitude (vel/amp)
ratio), and accuracy were analysed for both directional
movements. the proposed normal reference ranges
are shown in Table 2.

Comparison between the two movement direc-
tions (rightward vs. leftward) revealed no statistically
significant differences for any of the examined pa-
rameters (p > 0.05). Comparison between age groups
demonstrated significantly longer latency values in
participants aged =50 years compared with those
aged <50 years (p < 0.05). No statistically significant
differences between age groups were observed for
mean velocity, peak velocity (vel/amp), or accuracy
(p > 0.05). Correlation analysis showed a significant
positive association between age and saccadic latency
(p < 0.05), whereas no statistically significant correla-
tions were found between age and the remaining
parameters.

Vertical saccades

For vertical saccadic eye movements, the same
parameters (latency, mean velocity, peak velocity/
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amplitude, and accuracy) were analysed for upward
and downward movements. The normal reference
ranges are shown in Table 2. In Figure 2A, the
representation of saccades in a graph during the
examination is shown.

Comparison between upward and downward sac-
cades revealed no statistically significant differences
for any of the examined parameters (p > 0.05). Com-

Table 2. Normal ranges.

parison between age groups showed significantly
increased latency values for vertical saccades in par-
ticipants aged =50 years compared with those aged
<50 years (p < 0.05) (Figure 2B). No statistically
significant differences between age groups were
observed for mean velocity, peak velocity, or accuracy.

Lat Lat right- | Vel Vel right- | Ac. left- Ac. right- |Vel/amp
leftward |ward Leftward |ward ward ward horizontal
(ms) (ms) (°/s) (°/s) (%) (%)
Total sample | 153-260 |188-239 305-409 274-432 79 77 23-41
(n=31)
Age <50 155-230 |165-232 [300-445 282-412 77 75 23-42
(n=13)
Age =50 163-271 190-255 270-449 268-445 82 78 23-40
(n=18)
Lat Lat up- Vel down- | Vel up- Ac. down- |Ac. up- Vel/amp
down- ward ward ward ward ward vertical
ward (ms) (°/s) (°/s) (%) (%)
(ms)
Total sample | 159-273 163-266 189-393 192-372 68 63 23-42
(n=31)
Age <50 149-260 | 160-240 187-400 204-365 70 77 23-42
(n=13)
Age =50 171-278 |176-275 188-390 182-380 69 59 21-44
(n=18)

Lat: latency; vel: mean velocity; ac: accuracy; Vel/amp: peak velocity to saccade amplitude. For the accuracy vari-
able, only the lower limit of the normal range is reported.

Fgure P4
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Smooth pursuit eye movements

Mean values and standard deviations for gain and
symmetry for the total sample, as well as for the two
age groups (<50 and =50 years) were calculated for
both horizontal and vertical plane of movement.

Horizontal smooth pursuit

For horizontal smooth pursuit eye movements,
the parameters gain and symmetry were analysed
at five target motion frequencies (0.1, 0.2, 0.3, 0.4,
and 0.5 Hz). The proposed normal reference ranges
are shown in Tables 3 and 4.

Comparison between the two movement direc-
tions (rightward vs. leftward) revealed no statisti-
cally significant differences for any of the examined
frequencies (p > 0.05).

Comparison between age groups demonstrated

Figure 2. (A) Diagram illustrating saccadic movements on the vertical plane. On the x axis (t) is time, and on
the y axis is the amplitude (position) of the movement. The yellow line represents the movement of the visual
stimulus, while the blue and red lines represent the movements of the left and right eye, respectively. (B) As-
sociation between age (x-axis, years) and saccadic latency (y-axis, ms) for vertical, downward, and saccadic eye

movements.
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significantly lower gain values in participants aged
=50 years compared with those aged <50 years at
the higher target motion frequencies (0.4 and 0.5
Hz; p < 0.05, Figure 3B). No statistically significant
differences between age groups were observed at
the lower frequencies (0.1-0.3 Hz; p > 0.05). For
the symmetry parameter, no statistically significant
differences were found either between movement
directions or between age groups at any of the ex-
amined frequencies (p > 0.05).

Vertical smooth pursuit
For vertical smooth pursuit eye movements, the

(p > 0.05).

same parameters (gain and symmetry) were analysed
at three target motion frequencies (0.1, 0.2, and
0.3 Hz). In Figure 3A, there is a graph depiction
of smooth pursuit movement on the vertical plane
during the recording. The normal reference ranges
are shown in Tables 3 and 4.

Comparison between upward and downward
movements revealed no statistically significant dif-
ferences in gain or symmetry at any of the exam-
ined frequencies (p > 0.05). Comparison between
age groups did not reveal any statistically significant
differences in gain or symmetry values for vertical
smooth pursuit at any of the examined frequencies

Table 3. Normal values for gain in the horizontal and vertical plane.

Gain Gain Gain Gain Gain Gain Gain Gain Gain Gain
left- rightward | left- right- [left- right- | left- right- [left- right-
ward 0.1Hz ward ward ward ward ward |ward |ward |ward
0.1Hz 0.2Hz |0.2Hz |0.3Hz |0.3Hz |0.4Hz |0.4Hz |0.5Hz |0.5Hz
Total 50-102 |61-106 54-105 [52-118 [42-103 [40-107 |42-113 [33-122 [35-105 |30-123
sample
(n=31)
Age<50 [62-101 |80-110 66-103 [60-108 |[70-112 [72-118 [65-108 |61-112 |45-104 [47-121
(n=13)
Age=50 (47-117 |42-119 46-116 |50-110 [34-118 [30-123 [33-110 |22-123 |20-113 [19-119
(n=18)
Gain Gain Gain Gain Gain Gain
upward | down- up- down- |up- down-
0.1Hz ward ward |ward ward |ward
0.1Hz 0.2Hz |0.2Hz |0.3Hz |0.3Hz
Total 74421 75+22 81+21 |[75+21 |78+24 |66+25
sample
(n=30)
Age <50 [78+£24 | 80+22 80+25 (82422 |82+23 |74+24
(n=13)
Age =50 [71£18 |71+22 82+19 [70+22 |74+25 |[60+25
(n=17)

Gain: eye velocity to target velocity ratio.
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Table 4. Normal values for symmetry in the horizontal and vertical plane.

Symme- |Symme- |[Symmetry |Symme- |[Symme- |Symme- |Symme- |Symme-
try 0.1Hz |try 0.2Hz |(hor)0.3Hz |try (hor) |try (hor) |try 0.1Hz |try 0.2Hz |try 0.3Hz
(hor) (hor) (%) 0.4Hz 0.5Hz (ver) (%) |(ver) (ver)
(%) (%) (%) (%) (%) (%)
Total (-14)-11 (-)6.5-14 |(-18)-18 (-)24-24 |(-)34-51 |1.5¢14 (-)4+28 (-)13£30
sample
(n=31)
Age<50 |(-)18-3.8 |(-7)-9 (-18)-13 (-17)-17  |(-33)-31 2.3+13 6.7+27 (-)7.8£22
(n=13)
Age=50 ((-13)-17 [(-11)-21 (-35)-35 (-29)-30  |(-66)-68 1£15 -12+27 (-)16£32
(n=18)

Symmetry: (gain difference between directions / sum of gains)%; hor: horizontal; ver: vertical.
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Figure 3. (A) Graph illustrating smooth pursuit move-
ment on the vertical plane in two different frequen-
cies of the moving target (0.1 Hz, 0.2 Hz). The x-axis
corresponds to time, and the y-axis to the amplitude
(position) of the movement (U=up, D=down). The yel-
low line corresponds to the visual stimulus, while the
blue and red lines correspond to the left and right eye,
respectively. As time progresses, the frequency of the
movement also increases. (B) Inverse association be-
tween age (x-axis, in years) and smooth pursuit gain
(y-axis) for horizontal smooth pursuit at a target mo-
tion frequency of 0.5 Hz.

DISCUSSION

Summary of the study
Modern neurophysiological techniques for recording

eye movements’# with unprecedented precision
have gradually entered neurological practice and
are yielding insights into a variety of diseases
accompanied by peripheral® ™! or centrall'*2" eye
movement disorders. Advances in methodology,
together with the introduction of new hardware
and analysis software, necessitate the continuous
updating of normative values, as reliance on older
data obtained with previous setups may be imprecise.
The present study investigated oculomotor
function in a healthy adult population using
videonystagmography, focusing on optokinetic
nystagmus, saccadic eye movements, and smooth
pursuit eye movements. Overall, the results
demonstrated symmetrical oculomotor performance
and revealed age-related differences in selected
parameters, highlighting the importance of
considering age effects when interpreting oculomotor
findings in healthy individuals.

Optokinetic nystagmus

In the present study, the analysis of optokinetic
nystagmus focused on the slow phase of the
response in the horizontal plane, using the gain
parameter. The results demonstrated symmetrical
responses between the two movement directions
(leftward and rightward), a finding consistent with
normal optokinetic system function. In contrast, a
clear reduction in gain was observed with increasing
stimulus velocity, a pattern that has been consistently
reported in previous studies and is commonly
attributed to limitations in optokinetic processing
at higher velocities.

With regard to the effect of age, although partici-
pants younger than 50 years exhibited higher gain
values across all recording conditions, these differences
did not reach statistical significance. Similarly, correla-
tion analysis revealed a tendency toward decreasing
gain with increasing age, without achieving statistical
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significance. These findings are in line with previous
reports showing age-related reductions in optokinetic
gain, although the age at which such reductions be-
come evident varies considerably across studies.

Specifically, Ura et al.?? reported a significant re-
duction in gain when comparing age groups of 30
and 80 years, whereas Baloh et al.?*!described re-
duced slow-phase velocities of optokinetic nystagmus
in individuals aged 75 years and older. A potential
limitation of the present study is the small number
of participants older than 70 years, which may have
limited the ability to detect statistically significant
differences in the oldest age groups.

Saccadic eye movements

In the present study, saccadic eye movements were
analysed by examining latency, mean velocity,
accuracy, and peak velocity, the latter estimated using
the velocity/amplitude (vel/amp) ratio, separately for
horizontal and vertical saccades.

With respect to horizontal saccades, no statistically
significant differences were observed between the
two movement directions for any of the examined
parameters. This finding is consistent with previous
studies, in which directional asymmetries are not
expected in healthy populations.?42* Similar results
have been reported in the literature, although some
studies, such as that of Vergilino-Perez et al., have
described higher peak velocities toward the dominant
eye direction, without corresponding differences in
saccadic latency.?®!

Age emerged as a significant factor influencing
horizontal saccadic latency, with increased latency
values observed in older participants. This finding
corroborates previous reports demonstrating a posi-
tive association between age and saccadic latency,
commonly attributed to age-related changes in the
neural mechanisms underlying saccade planning
and initiation. In contrast, mean velocity and peak
velocity were not significantly affected by age. This
observation is in agreement with studies suggesting
preservation of the core neural mechanisms respon-
sible for saccade execution with advancing age,?”-2%
although the literature remains inconclusive regard-
ing age-related changes in peak velocity.?7:3

A similar pattern was observed for vertical sac-
cades. Saccadic latency increased significantly with
age for both upward and downward movements,
whereas mean and peak velocity did not show a clear
age-related effect. These findings further support the
notion that aging predominantly affects the initiation
and planning stages of saccadic eye movements,
irrespective of movement plane.

Smooth pursuit eye movements

In the analysis of smooth pursuit eye movements,
the parameters gain and accuracy were examined

Archives of Clinical Neurology 35:4-2026, 33-35

separately in the horizontal and vertical planes.

With regard to horizontal smooth pursuit, a pro-
gressive reduction in gain was observed with increas-
ing target motion frequency, particularly at frequen-
cies =0.3 Hz, accompanied by increased variability
of the recorded values. No statistically significant
differences were detected between the two move-
ment directions (leftward and rightward), a finding
consistent with the expected symmetrical functioning
of the smooth pursuit system in healthy individu-
als. In contrast, age emerged as a significant factor
affecting performance, with younger participants
exhibiting higher gain values at medium and high
frequencies. Similar age-related effects have been
reported in previous studies, in which the impact of
aging becomes more evident under conditions of
increased pursuit demands.B"32

For vertical smooth pursuit eye movements, the
results were less homogeneous. Differences in gain
between upward and downward movements were
observed only under specific high-frequency condi-
tions. This finding is in agreement with the existing
literature, which reports inconsistent results regard-
ing directional differences in vertical smooth pursuit.
While some studies have found no differences be-
tween upward and downward movements,?* others
have reported higher gain either for upward or for
downward smooth pursuit.43*

In contrast to horizontal smooth pursuit, no clear
association between age and gain was demonstrated
for vertical smooth pursuit eye movements. The ab-
sence of statistically significant age-related effects
may be related to the limited number of studies that
have systematically investigated vertical smooth pur-
suit across different age groups, as well as to the
greater complexity of the neural mechanisms involved
in the control of vertical pursuit.

LIMITATIONS

The main limitation of the present study is the
relatively small sample size, which may restrict the
generalisability of the findings, particularly in older
age groups. Nevertheless, the study provides an initial
normative dataset in a healthy adult population,
which can be further expanded through continuous
data collection to improve representativeness.

In addition, increased variability was observed in
certain parameters, such as saccadic accuracy and
smooth pursuit gain at higher stimulus velocities. This
variability may not be solely attributable to sample
size but could also reflect factors related to partici-
pant compliance, including fatigue and reduced at-
tention during testing. Such factors are particularly
relevant in studies involving healthy individuals, in
whom motivation and alertness may vary across test-
ing sessions.
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CLINICAL IMPLICATIONS AND CONCLUSIONS

The recording and analysis of eye movements using
videonystagmography provide access to quantitative
parameters, such as timing, velocity, and accuracy,
which are often beyond the sensitivity of routine
clinical observation. The present study contributes
to the establishment of normative reference data for
oculomotor parameters in a healthy adult population,
offering a valuable baseline for the assessment of
patients with suspected oculomotor dysfunction.

Furthermore, the ability to analyse oculomotor
parameters in relation to demographic factors, such
as age and sex, highlights the utility of videonys-
tagmography in both clinical and research settings.
Consequently, this method may support early detec-
tion of neurological disorders, including neurode-
generative diseases, in which oculomotor function
may be impaired, as well as aid in the differential
diagnosis between central and peripheral nervous
system pathologies.
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