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ABSTRACT

A review of the literature indicated that the
decrease in ocular motor function with aging may only
become apparent as saccadic amplitude and pursuit
velocity increase. Tasks within the normal range of
movement may show no decrement.

This study with 181 adult participants, from 17 to
78 years of age, measured the effects of aging by
testing saccades and smooth pursuit movements, both
those that were within the normal range of function
and those that were greater. It was found that certain
aspects of both saccadic and smooth pursuit eye
movement function significantly declined with age -
saccadic latency, duration and accuracy; pursuit gain,
pursuit trace time and both frequency and amplitude of
catch-up saccades. However, smooth pursuit
movement showed a more marked decline with aging
than saccades.

These resulis suggest that the age-related decline
in eye movement funiction is due to degenerative
changes in the central nervous system and raise the
question as to whether these changes affect visual
tasks or everyday activities.

INTRODUCTION

Eye movement characteristics are used as part of
the diagnosis for a wide variety of neurological
conditions, as disorders of either the central or the
peripheral nervous systemn can result in eye movement
problems. For example, studies have shown that
saccades or purstits may be affected in adults who
have suffered a stroke or neurological trauma* or in
individuals with schizophrenia.** It is very important
that the diagnosis of eye movement abnormality is
assessed in the context of age-related normals in order
to discriminate between changes occurring as a result
of pathology and those related to the normal aging
process. Several authors have stated the necessity to
establish the normal range of responses from a large
range of healthy subjects prior to the diagnosis of eye
movement pathology*'” with Versino and colleagues"
stating that aging is one of the most important
physiological variables in human function.

Saccades are rapid, conjugate eye movements used
to gain foveation and to change fixation from one
object to another, they may be voluntary or
involuntary. Neurological control is complex, with
contribution from various areas, including the frontal
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eye fields, supplementary eye fields, occipital cortex,
posterior parietal cortex, posterior eye fields,
dorsolateral prefrontal cortex, thalamus, pulvinar,
basal ganglia, superior colliculi and cerebellum. Input
from these areas is projected to the paramedian
pontine reticular formation (PPRF), the horizontal
gaze centre, to produce a temporally coded
innervational response from the spatially coded
stimulus 2

Smooth pursuit movements are present in foveate
animals and enable continuous clear vision of moving
objects. The stimulus for pursuit is movement of the
image on the retina and it is thought to be 2 negative
visual feedback, closed-loop control system whete
retinal slip results in eye movement to stabilise the
image on the fovea. Various cortical areas play a role
in smooth pursuit control, with several stages of
afferent and efferent processing including the primary
visual cortex, middle temporal visual area, medial
superior temporal visual area, posterior parieta] cortex,
frontal eye fields and supplementary eye fields.
Neurons from these areas project to the cerebellum
and dorsclateral pontine nuclei.’* There is a final
common pathway from the ocular motor nuclei to
provide the co-ordinated conjugate eéye movements
Tequired for all horizontal gaze.

Saccades may be described according to various
characteristics which include saccadic latency,
duration, amplitude and peak velocity. Saccadic
latency is a reflection of the total time required for the
afferent and efferent processes required to see the
stimulus, to make the decision to perform 2 saccade, to
break fixation and to program and execute the eye
movement. Regular saccades are those with a latency
in the order of 200 milliseconds.”? The literature is
inconsistent as to the effect of amplitude on saccadic
latency. It has been reported that latency increases
with amplitude,” though Versino and collcagues"
found that latency was not dependent on amplitude. It
has also been reported that latency varies with
predictability of the target.'>'** Peak velocity is
related to amplitude in a quasi-linear manner up to
amplitudes of 15 - 20 degrees, where it reaches a soft
saturation limit and then does not increase as rapidty.”
This non-linear relationship has been confirmed by
various authors, "= with many authors
commenting on the considerable intra-subject
variability of peak velocity."*## Saccadic gain
(saccade amplitude/target amplitude} is a measure of
the initial accuracy of a saccade. The normal range of
saccadic dysmetria is considered to be 10%
undershoot.**

Smooth pursuit latency, the time delay between
movement of the stimulus and the eye movement
response, is reported to be in the order of 130
milliseconds,™ with latency not dependent upon target
velocity.® Smooth pursuit is measured by pursuit
velocity, which may then be converted to pursuit gain
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as the ratio of eye velocity to target velocity. The level
of smooth pursuit velocity that can be achieved is
considered to reach a maximum in the order of 30 - 40
degreesfsecond,™*® with pursuit gain decreasing as
the target velocity increases.™* When gain falls below
one, the smooth pursuit movement is compensated by
saccadic cortections or 'catch-up' saccades, which
combine with the pursuit movement to form the eye
movement response. The frequency of these saccades
increases with target velocity.™ It is stated that pursuit
of predictable targets is better than unpredictable
targets.‘z-’“’- 36,37

Senescence, the act of growing old or aging, is
associated with a decline in various functions,
therefore it would be expected that changes may be
noted in eye movement function across the aduit age
range. These ocular motor system changes have been
given different levels of importance by various
authors. Those studies that assessed ocular motor
function in the total context of overall neurological
function, stated that the eye movement changes were
not commonly believed to cause any substantial
disability in the elderly, that they did not interfere with
reading or any other functional tasks,™® nor did they
result in any symptoms or outward signs of ocular
motor disease. In contrast, Hutton and Morris®
comimented that slowness in initiating saccades,
inappropriate scanning and abnormal smooth pursuit,
compounded by age-related limitations in upgaze,
visual fields and contrast sensitivity, may all provide a
'faulty visual framework on which perceptual
abnormnalities and impaired judgement are
superimposed'.

The effect of aging on saccadic function has been
studied by several authors. All researchers have found
that saccadic latency increases with age. 14124246
However the effect of age on saccadic peak velocity
and duration have remained inconsistent. Several
studies report no significant difference in peak
saccadic velocity with age.»'>+ Qthers reported a
difference as the saccadic amplitude increased. 10144
In contrast, one reported a significant decrease in peak
saccadic velocity.® The reported effect of age on
saccade duration is also inconsistent.™**% Some
studies have reported a decrease in accuracy with age,”
* while others found no difference.™!- 144+

The effect of aging on pursuit function has also
been studied by various authors, again with some
conflicting results. Pursuit latency was found to be
significantly prolonged with age,® particularly with
higher velocities.® However, a later study by Morrow
and Sharpe” found.no difference in latency between a
young and an elderly group. There have been many
studies of the effect of aging on pursuit gain. All but
one of the studies have found pursuit gain to decrease
significantly with age, though there are inconsistent
results concemning the effect at different target
velocities.®»#2.3235.38.%.98 The frequency of catch-up
or corrective saccades provides an indication of the
compensatory mechanisms for reduced pursuit gain
that occurs with increased velocity or with aging.
Several studies found an increase in the frequency of
saccades with aging >™®5.2

The specific effects of aging on eye movement
function are still uncertain, though it appears that the

decrement in eye movement function is related to
increased target amplitude in saccades and increased
target velocity in smooth pursuit. The differences in
results and conclusions are most likely to be due to
methodological differences between the research
studies. The studies all use different techniques for
target stimulus, eye movement recording and analysis,
which means that absolute values such as eye velocity
cannot be compared. The varjation in results may be
due to the differing sample sizes, age ranges, and the
use of experienced subjects in comparison to naive
observers also makes the conclusions of some authors
debatable. Aging changes may only become apparent
in the stressed situation, when the task requires
optimal neurological functioning, but tasks within the
range of that performed in normal daily viewing may
show no decrement. The aim of this study was to
establish the nomal range of both horizontal saccades
and smooth pursuit movements across the full adult
age range, using the Ober 2 infrared measurement
system. Unlike most previous research, both saccades
and pursuit eye movements were measured over a
wide range of amplitudes and velocities to assess
whether both systems are affected concurrently or
selectively and whether age-related changes are
dependent on saccadic amplitude or pursuit velocity,

METHOD
Participants

The participants were 181 healthy adults, 60 male
and 121 female, aged between 17 and 78 years. All
were naive 10 eye movement measuring techniques,
with no known history of ocular pathology,
newvrological disorder, or psychoactive medication in
the last week prior to testing. All of the older
participants were healthy, independent and socially
active. Visual acuity was 6/12 or better in each eye,
with no manifest deviation detected at either 0.33 or 6
metres and full eye movement excursions as
determined by orthoptic examination. The study was
approved by the Faculty Human Ethics Committee,
Faculty of Health Sciences, La Trobe University.

Instrumentation

This study used the Ober 2 infrared reflection
binocular measurement system, with the stimulus
being a white target subtending 0.29 degrees projected
via a computer overhead projector system to a wall-
mounted transtucent, white screen at a testing distance
of 1.5 metres. The subjects viewed the target
binocularly and recordings were made of both eyes,
with analysis of the data of one eye only. Eye
movements were analysed using custom-designed
interactive computer programs, which converted the
graphical format of the Ober 2 files into eye movement
measurements, via the ASCII file format.

Procedure

Prier to the eye movement measurement, the
project was explained and the Informed Consent form
was signed. Orthoptic assessment was then performed
to determine eligibility.

The Ober 2 goggles were adjusted for the inter-
pupillary distance, correctly centred and held
comfortably with a velcro strap. The participants were
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Figure 1. Mean lateney values for the three groups for each target amplitude
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Figure 3. Mean saccadic amplitude values for the three groups for each target amplitude
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seated in the darkened room, with the head stabilised
by a chin rest and forehead restraint. The saccade
protocol was then explained, aiming to gain the most
rapid response whilst reducing the incidence of
anticipatory saccades. A calibration sequence was run
to assess the level of illumination required on the
infrared emittors. This calibration sequence not only
served the purpose of setting appropriate levels on the
Ober 2, but also allowed the participants to practise the
technique prior to the first recording,

Saccade stimuli were then presented in predictable
sequences with a 1.5 second frequency. Predictable
sequences were used with verbal instructions to wait
for the target in order to avoid anticipatory saccades.®
The cycles commenced with fixation to the left of
centre, followed by a saccade to the right of centre and
a return saccade to the left, 5o ail saccades were
across-centre. Five cycles were presented at each of
three amplitudes; 10, 20 and 30 degrees, The
sensitjvity was reduced if necessary to prevent
saturation. A sequence was accepted if at least 6 of
the 10 saccades appeared to be without blinks or
anticipation, or was repeated if this was not achieved.
Following the saccade sequences, instructions were
given regarding the pursuit movements, that
participants were to follow the light as closely and
accurately as they could. Smooth pursuit stimuli were
then presented in predictable sequences with a
constant velocity triangular waveform stimulus
moviag over an amplitude of 20 degrees, 10 degrees to
each side of centre. Five cycles were presented at each
velocity; 6.50, 12,99, 19.44, 25.87 and 38.56
degrees/second. These levels of target velocity were
due to the constraints imposed by the quality of the
computer monitor to allow an apparently smooth
movement of the target. Verbal contact was
maintained throughout the pursuit procedure in order
to sustain attention.™“ The recording was again
displayed after each velocity sequence to view that it
was an acceptable recording. The total recording
sequence usually took between 8 and 18 minutes.

Analysis

The saccadic dependent variables were mean
latency, mean duration, mean and standard deviation
of saccadic amplitude, and mean peak velocity. The
pursuit dependent variables were mean putsuit gain,
mean pursuit time (the percentage of the recorded
cycle defined as smooth pursuit), frequency of catch-
up saccades and mean amplitude of catch-up saccades.

In each set of 10 recordings the program
caleulated the measurements for each individual
saccade or pursuit. The amplitude of each saccade
was calibrated by measurement of the mean eye
position 0.8 to 0.3 seconds prior to each stimulus
presentation, in a similar manner to Wilson et al.* To
measure regular saccades, generally in the order of
200 milliseconds latency™ and to avoid anticipatory
saccades, acceptable saccades were defined as those
with a latency of 90 milliseconds or greater and an
amplitude within 10% of target amplitude. Pursuit
samples were calibrated by (.5 seconds of fixation at
each extreme position prior to the pursuit movement to
determine amplitude of the pursuit, with velocity then
calcujated for each time sampie. Within the pursuit

recordings, when the velocity of a single time sample
was greater than 79 degrees/second, these time
samples were defined as saccades and removed from
the pursuit velocity calculations. This detected all
saccades of amplitude 1 degree or greater in a similar
manner to Bahill et al.* With saccade time samples
removed, calculation was then made of the total
proportion of the trace time that was actually smooth
pursuit (pursuit time).*** Saccades or pursuits that
were not acceptable, or were incorrectly identified by
the computer program, were deleted from the table and
the means recalculated for each set. Only the data
from participants where a mean and standard deviation
was calculated from at least 6 of the 10 recordings
were acceptable was included in the data analysis.

The participant data was grouped into three levels,
a young adult group from 17 to 2% years (N = 55,
mean age = 21.6, SD 4.16 years), a middle-aged group
from 30 to 59 years (N = 81, mean age = 43.8, SD
8.25 years) and an older adult group including those of
60 years and older (N = 45, mean age = 67.6,5D 4,16
years). For saccadic function the final number from
which the data for all variables was analysed was 44
participants in the young, 72 in the middle-aged and
43 in the older adult group. For smooth pursuit
function the final number from which the data for all
variables was analysed was 51 participants in the
young, 74 in the middle-aged and 34 in the older adult
group.

For the analysis of saccadic eye movement
function, each of the dependent variables was analysed
using a two-way Age by Target Amplitude ANQVA.
For the analysis of smooth pursuit eye movement
function, each of the dependent variables was analysed
using a two-way Age by Target Velocity ANOVA,
Rejection of statistical null hypatheses was set at p <
0.05.

RESULTS
Saccades
Latency

In Figure 1 it can be seen that mean saccadic
latency increased both with age and with target
amplitude, and that the latency was increased for all
ages for all target amplitudes. The effects for Age [F
(2, 156) = 22.17, p = 0.0001] and Target Amplitude [F
(2,312) = 26.90, p = 0.0001] were significant. The
interaction effect, Age by Target Amplitude, was
significant [F (4, 312) = 3.44, p = 0.009] but appears
to be minimal.

Duration

In Figure 2 it can be seen that the largest effect
was the increase in mean duration as target amplitude
increased with a significant effect for Target
Amplitude [F {2, 312) = 3,536.35, p = 0.0001]. There
was also a significant effect for Age but this is not
particularly large [F (2, 156) = 3.80, p = 0.0244]. The
duration was similar for all ages for 10 degree
saccades but as target amplitude increased to 20 and
30 degrees, those in the older age group showed longer
durations than those in the other groups, with a
significant interaction effect [F (4, 312) = 4.03,p =
0.0034].
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Amplitude

Because the measured variable was mean saccadic
amplitude the main effect of Target Amplitude was
expected to be large [F (2, 312) = 39,502.84, p =
0.0001] and therefore was of no interest. While the
Age effect was significant, it can be seen in Figure 3
that it was only small [F (2, 156) = 4.02, p = 0.0198]
and there was no interaction effect [F (4, 312) = 0.20,
p =0.9363]. The individual standard deviations of
saccadic amplitude showed significant effects for both
Age [F (2, 156) = 5.05, p =0.0075] and Targst
Amplitude [F (2, 312) = 85.69, p = 0.0001], with no
significant interaction effect {F (4,312) = 1.04,p =
0.3881], displayed in Figure 4. This measure of
saccadie accuracy demonstrated that even though the
mean saccadic amplitude showed minimal variation
with increasing age, the variance around this mean
increased with age.

Peak saccadic velocity

Figure 5 shows that mean peak velocity [F (2, 156)
=774.10, p = 0.0001] significantly increased with
increasing target amplitude. There was no significant
Age effect [F (2, 156) = 1.16, p = 0.3159], nor any
interaction effects [F (4, 312) = 1.60, p = 0.1754).

Smooth pursuit
Pursuit gain

In Figure 6 it can be seen that mean pursuit gain
steadily decreased as the target velocity increased,
with a significant effect for Target Velocity [F (4, 624)
= 583.36, p = 0.0001]. The older group had a pursuit
gain value less than the other groups at all target
velocities, with the middle-aged group showing a
decrease only at the faster velocities of 25.9 and 38.6
degrees/second. Pursuit gain in the older group was
only minimally less than the other groups at the
slowest velocity of 6.5 degrees/second but this
difference increased as velocity increased,
demonstrated by a significant Age effect [F (2,156) =
13.63, p = 0.0001] and interaction effect [F (8, 624) =
6.83, p = 0.0001].

Pursuit time

In Figure 7 a decrease in mean pursuit time was
demonstrated as target velocity increased, with a
significant effect for Target Velocity [F (4, 624) =
1,203.24, p = 0.0001]. Pursuit time was minimally
decreased from the young to the middle-aged group
with a larger effect observed for the older group,
particularly for the target velocities of 19.4
degrees/second and faster, with significant Age [F (2,
156) = 17.48, p = 0.0001] and interaction {F (8, 624) =
8.71, p = 0.0001] effects.

Saccadic frequency

In Figure 8 it can be seen that generally there was
a decrease in the number of saccades recorded in the
five cycles of the pursuit trace from target velocites of
6.5 to 13.0 degrees/second with an increase towards
the faster velocities, then a decrease again at the fastest
target movement of 38.6 degrees/second. This was
demonstrated by a significant Target Veloeity effect [F
(4, 624) = 4.04, p = 0.0001]. The frequency of
‘saccades within the pursuit trace increased with age,

with the more marked difference being at the slowest
velocity, with only 2 minimal difference at the fastest
velocity, demonstrated by a significant Age effect [F
(2, 156) = 10.98, p = 0.0001] and interaction effect [F
(8. 624) = 4.04, p = 0.0001].

Saccadic amplitude

Figure 9 presents the results of mean saccadic
amplitude and demonstrated that saccadic amplitude
increased as target velocity increased, with a
significant Target Velocity effect [F (4, 624) = 408.51,
p=0.0001]. Itcan be seen that there was only a
minimal increase from the young 1o the middle-aged
group but a more marked increase for the older group.
There was no difference between the groups at the
slowest velocity but the older group demonstrated
increasingly larger saccades as the target velocity
increased, with 2 significant effect for Age [F (2, 156)
= 9.56, p = 0.0001] and a significant interaction effect
[F (8, 624) = 8.18, p = 0.0001].

PISCUSSION
Saccades
Latency

Mean latency of 20 degree saccades increased
from 207 milliseconds in the young to 233
milliseconds in the middle-aged and 269 milliseconds
in the older adult group (see Figure 1), so giving an
apparently steady increase with age, consistent with
that reported in the literature.*'* % The latency was
longer in the older group than the younger group by
39, 62 and 61 milliseconds for 10, 20 and 30 degree
saccades respectively, showing a differential effect in
that the variation with amplitude was more apparent in
the middle-aged and older than the younger adult
groups. Though this study used predictable targets,
these latencies were within the range of previous
studies,™ 114 2.2%.35.5 mogt of which used random
sequences.

It has been suggested that this increase in latency
is not unexpected with age due to the involvement of
the entire visual and ocular motor systems, a long and
complex pathway, and therefore an increased neural
conduction time associated with aging* ™ and that this
is consistent with the increased reaction time for other
motor tasks in the ¢lderly.® Abel and colleagues®
suggested it was a result of deterioration of the higher
centres involved in programming saccades and Sharpe
and Zackon® further hypothesised that increased
latency may be associated with frontal lobe changes,
with parietal lobe deficits resulting in a delayed
shifting of attention, or with a general cognitive
decline.

Duration

The small but statistically significant increase in
duration with age and the more marked increase with
saccade amplitude, with duration in the young adult
group increasing from 42 to 81 milliseconds and in the
older adult group from 43 to 86 milliseconds for 10
and 30 degree saccades respectively (see Figure 2),
were consistent with most other studies."* The
results of this study also demonstrated a differential
aging effect with increasing amplitude, with a similar
duration for all ages for 10 degree saccades and a
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larger increase for the 20 and 30 degree saccades for
the older adult group than the other two groups. !¢

It might be suggested that the increased saccadic
duration is linked with the increased neural conduction
time associated with aging in the same way that
latency is increased, with an increase in reaction time
reflecting the increased processing time required to
build up a more accurate premotor command.” This
would suggest that the increased latency is linked to
the increased duration as a compensatory mechanism.

Amplitude

The results of the present study showed no real
difference in mean saccadic amplitude with age, but
individual variance as measured by the mean of
individual standard deviations, significantly increased
with increasing age (see Figures 3 & 4), This
measurement demonstrated that saccadic accuracy
decreased with increasing age even though the mean
saccadic amplitude was not markedly affected. A
reduction in accuracy has been reported by some
studies,™'** but contradicted by others.*:t
Interestingly, Moschner and Baloh’ reported no decline
in accuracy with age, stating that the mean accuracy
did not decrease with age but that there was a
significant aging effect for intrasubject variability
based on individual variances, which finding is
replicated by the present study. It has been suggested
that deterioration in the higher centres of eye
movement contro] such as the frontal lobes or
cerebellum may be responsible for the decrease in
accuracy.>!*

Peak velocity

The results of the present study (see Figure 5)
found, as all others, that peak velocity increased with
increasing saccadic amplitude.’>"* % An aging effect
was not found for peak velocity, similar to previous
studies.™ =>4 It appears that the aging effect for peak
velocity is not strongly demonstrated by other studies
except for larger amplitude saccades in the order of 25
degrees or greater,"™ " and in subjects aged 70 years or
older™** On observation of the raw data it was
noticed that the peak velocities of those subjects aged
70 years and older did show an apparent decrease
compared to those subjects aged in their 60s for
saccades of 20 and 30 degree amplitudes, however the
number of subjects in the older group was too small
for'separate analysis,

1t has been suggested that the strong effect on
latency and the small effect on velocity with age
indicate that the higher centres involved in
programming saccades deteriorate with age, but that
the brainstem saccadic generator is relatively
unaffected.”™ =94 Dye to the resistance to aging of
the PPRE, significant changes in peak velocity may be
an indicator of pathological change rather than aging
in anyone under 70 years,

Smooth pursuit

Pursuit gain-

The findings of a decrease in mean pursuit gain
with increasing velocity (see Figure 6) agree with
previous studies.®** Pursuit gain also decreased with

increasing age. At the target velocity of 6.5
degrees/second there was only 2 minimal difference in
gain between the younger and older adult groups, with
mean gain of .96 and 0.91 respectively which agrees
with previous studies, most of which demonstrated an
aging effect when target velocity is in the order of 10
degrees/second or greater but not at slower velocities.™
sasan At increasing velocities there was minimal
difference between the younger and the middie-aged
adults, whereas the older adults demonstrated an
increasing difference as target velocity increased, with
mean gain being 0.61 and 0.40 for the younger and
older groups respectively at the target velocity of 38.6
degrees/second.

Pursuit time

The decrease in the proportion of time of the
pursuit cycle that was actually defined as smooth
pursuit movement is concomitant with the decrease in
mean pursuit gain (see Figure 7). The most marked
decrease in pursuit time occurred only at the highest
velocity in the younger adult group, from 92.6% to
86.0%, with the middle-aged adulis demonstrating
similar resuits, whereas the older adults showed a
steady decrease at the slower velocities and dropped to
80.7% at the highest velocity.

Saccadic frequency

In Figure 8 it can be seen that the findings agree
with previous reports regarding the increased
frequency of catch-up saccades as pursuit velocity
increased.* In the present study the relationship
between the frequency of saccades and aging in
pursuit movements demonstrated an interesting
pattern, where the older aduit group demonstrated a
much greater saccadic frequency at 6.5 degrees/second
target veiocity than at 13.0 degrees/second. Kaufman
and Abel® reported that the eldetly showed more
distraction than the young at the slower pursuit
velocity of 5 degrees/second, compared to a faster
velocity of 20 degrees/second. At 38.6 degrees/second
target velocity there was minimal difference between
the three groups, as was also reported by Sharpe and
Sylvester® who found no difference between age
groups at velocities greater than 40 degrees/second.

Saccadic amplitude

This study demonstrated a significant increase in
saccadic amplitude as pursuit velocity increased, from
a mean of 2.0 degrees to 5.7 degrees at target
velocities of 6.5 and 38.6 degrees/second respectively
{see Figure 9), agreeing with the study by Schalen.®
Saccadic amplitude also increased with aging as
reported previously.®# There was only 2 minimal
difference between the saccadic amplitudes of the
young and middle-aged group, with the older adults
showing a marked increase in amplitude at velocities
of 19.4 degrees/second and greater, concomitant with
the decrease in pursuit gain.

These four measurements of smooth pursuit
combine to give a complete description of the smooth
pursuit ¢ye movement, demonstrating a decrease in
pursuit gain in the older adult group which was
adequately compensated by larger and more frequent
saccades than those performed by the younger group.
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Similar to the hypotheses concemning the decline of
saccadic function with aging, it has been suggested
that the decline in pursuit function with age may be
due to incipient degenerative processes, such as
cerebral cortical atrophy, degeneration of the
nigrostriatal pathway and loss of cerebellar Purkinje
cells,23%354.9.31 Tt has been proposed that there is an
age-dependent deterioration in attention to visual
targets and visuo-motor tasks and that this may be a
reason for the decline in pursuit gain,3+4.#.55.5
Morrow and Sharpe” suggested that the sensory
limitations of target motion signals were a contributing
factor.

CONCLUSION

The results of this stedy have shown age-related
decrements in both horizontal saccadic and smooth
pursuit eye movements, with the changes in smooth
pursuit more marked than those in saccades. This
finding agrees with other studies which reported that
the changes in pursuit function were more marked than
those in saccadic function.™** The decrease in pursuit
function occurred predominantly in the older group
with minimal differences between the young and the
middle-aged groups. In contrast, the changes in
saccadic function showed a gradual aging effect across
the middle-aged range. It was also demonstrated that
the age-related decremnent in pursuit function was
certainly velocity dependent, with more marked
differences as pursuit velocity increased, whereas
saccade changes were less amplitude dependent.

The greater effects on pursuit function may be due
to the greater reliance of the smooth pursuit eye
movement system on the afferent visual system, the
closed-lcop system which is dependent upon the
recognition of retinal slip and target motion and the
conversion of afferent information to efferent signals.
The many aging changes that occur in the afferent
pathway such as senile miosis, cataract development,
reduced visua] acuity, reduced contrast sensitivity,
along with the cerebral cortical changes may all
contribute to this greater effect on smooth pursuit than
on saccadic function. The prolonged neural conduction
time resulting in increased saccadic latency was not
amplitede dependent but was apparent as an aging
effect even at the smallest target amplitude and across
all age groups. The lesser effect on peak saccadic
velocity appears to be related to the fact that the
brainstem integration centres, such as the PPRF, which
are responsible for the pulse of saccade innervation
and so primarily peak saccadic velocity, are more
resistant to aging changes than other structures
involved in saccade function.

A further explanation of the different aging effects
of saccade and smooth pursuit function may be the
fact that pursuit eye movements are not regularly
exercised in the same way as saccades, particularly in
the way in which they are clinically examined. In the
normal viewing situation the smooth pursuit system is
more involved in retinal image stabilisation in
combination with the vestibulo-ocular reflex to
mainain fixation in the presence of either head, body
or target movement, rather than in the following of a
moving target with the head and body completely
stabilised.
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This study raises two other areas for further
research. First, the question of differentiating
senescefice, or nommal aging, from pathological
changes as raised by Versino and colleagues.® As
these authors suggested, a study with a large number
of older adults is required to measure eye movement
function, assess neurophysical and neuropsychological
function and document morphological changes to
differentiate normal aging from pathological aging.
This may be particularly evident in the age group of 70
years and older, where some studics have found a !
subgroup of subjects who appeared to be different
from the rest of the subjects in this age group and
suggested that this may be a sign of pathological !
change rather than normal aging.** A study of this
nature may connect decrement of eye movement 1
function more clearly with degenerative aging !
changes.

The second question to be resolved s that of the
functional implications of the decline in ocular motor
function found with aging. This study has found
changes in some of the measured variables of saccadic”
and smooth pursuit function with increasing age, but it
is not known to what extent this decrease in ocular
motor function can be translated into changes in actual
visual activities or even everyday activities. Some of
the previous studies have suggested that this decline,
along with the reduction in visual sensory systems that
occurs, may be quite disabling in the everyday
function of elderly people.’** However others,
particularly those who assessed a wide range of
neurological functions, suggested that the eye
movement changes did not cause any substantial
difficulty and did not interfere with everyday tasks.»+
Again, a Jarge study which measured eye movement
function and assessed certain aspects of
neuropsychological function may determine the effects
of reduced ocular motor function on some aspects of
everyday living such as reading and mobility.

ACKNOWLEDGEMENTS

This research was assisted by two grants, a La
Trobe University Central Starter Research Grant and a
Faculty of Health Sciences Postgraduate Research
Project Grant. Thanks are extended to Alison Pitt, my
supervisor, during this thesis, for her assistance and
encouragement. Also, thankyou to the many
participants in this project.

REFERENCES

1. Curthoys IS, Wearmne SL, Staples MS, Aw ST,
Todd MJ, Halmagyi GM. Age-related changes in
human smooth pursuit responses to horizontal
step-ramp target trajectories. Ann N'Y Acad Sci
1992;656:823-825.

2. Gur S, Ror 8. Training in oculomotor tracking;
occupational health aspects. Israel J Med Sc
1992;28(8/9):622-628.

3. Ron S. Can training be transferred from one
ocular system to another? In: Roucoux A,
Crommelinck M, editors. Physiological and
Pathological Aspects of Eye Movements. The
Hague: Dr W. Junk Publishers; 1982. p. 83-88.



10.

11

12,

13.

14,

15.

16.

17.

18.

19.

The effect of aging on horizontal saccades and smooth pursuit eye movements

Holzman PS, Proctor LR, Levy DL, Yasillo NJ,
Meltzer HY, Hurt SW. Eye-tracking dysfunctions
in schizophrenic patients and their relatives. Arch
Gen Psychiatry 1974;31(Aug):143-151.

Ross RG, Olincy A, Harris JG, Radant A, Adler
LE, Compagnon N, et al. The effects of age on a
smooth pursuit tracking task in adults with
schizophrenia and nommal subjects. Biol
Psychiatry 1999;46:383-391.

Abel LA, Schmidt D, Dell'Oso LF, Daroff RB.
Saccadic system plasticity in humans. Ann Neurol
1978;4:313-318.

Moschner C, Baloh RW. Age-related changes in
visual tracking. ] Gerontol 1994;49(5):M235
M238, )

Pitt MC, Rawles JM. The effect of age on
saccadic latency and velocity.
Neuro-ophthalmology 1988;8(3):123-129,

Sharpe JA, Zackon DH. Senescent saccades:
effects of aging on their accuracy, latency and
velocity. Acta Otolaryngol Stockh 1987;
104(5-6):422-8.

Tedeschi G, Di-Costanzo A, Allocca S, Quattrone
A, Casucci G, Russo L, et al. Age-dependent
changes in visually guided saccadic eye
movements. Funct Neurol 1989;4(4):363-7.

Versino M, Grassi M, Genovese E, Zambarbieri
D, Scmid R, Cosi V. Quantitative evaluation of
saccadic eye movements, effects of aging and
clinical use. Neuro-ophthalmology
1992;12(5):327-342.

Leigh RJ, Zee DS. The neurology of eye
movements. 3rd ed. New York: Oxford University
Press; 1999,

Carpenter RHS. Movements of the eyes. second
ed. London: Pion; 1988.

Warabi T, Kase M, Kato T. Effect of aging on the
accuracy of visually guided saccadic eye
movement. Ann Neurol 1984:16:449-454,

Carter JH. Predictable visual responses to
increasing age. ] Am Optom Assoc
1982:53(1):31-36.

Kubo T, Saika T, Sakata Y, Morita Y, Matsunaga
T, Kasahara T. Analysis of saccadic eye
movements using an infrared video system in
human subjects. Acta Otolaryngol Stockh
1991;Suppl 481:382-387.

Bahill AT, Clark MR, Stark L. The main
sequence, a tool for studying human eye
movements. Math Biosci 1975;24:191- 204.

Bahili AT, Adler ), Stark L. Most natural Iy
occurring human saccades have magnitudes of 15
degrees or less. Invest Ophthalmol
1975;14(6):468-469.

Bahill AT, Brockenbrough A, Troost BT.
Variability and development of 2 normative data
base for saccadic eye movements. Invest
Ophthalmol Vis Sci 1981;21(1):116-125.

20.

21.

22,

24,

26.

27.

28,

29,

30.

31,

32.

33.

34,

35.

Baloh RW, Sills AW, Kumley WE, Honrubia V.
Quantitative measurement of saccadic amplitude,
duration and velocity. Neurol
1975;25(November): 1065-1070.

Boghen D, Troost BT, Daroff RB, Birkett JE.
Velocity characteristics of normal human
saccades. Invest Ophthalmol Vis Sci
1974;13(8):619-622.

Sharpe JA, Troost BT, Dell'Osso LF. Comparative
velocities of different types of fast eye
movements in man., Invest Ophthal Vis Sci
1975;14(9):689-692.

. Abel LA, Troost BT, Dell'Osso LF. The effects of

age on normal saccadic characteristics and their
varizbility. Vis Res 1983;23:33-37.

Bollen E, Bax I, van Dijk JG, Koning M, Bos JF,
Ktamer CGS, et al. Variability of the main
sequence, Invest Ophthalmol Vis Sci
1993;34(13):3700-3704.

. Henriksson NG, Pyykko I, Schaien L, Wennmo

C. Velocity patterns of rapid eye movements. Acta
Otolaryngo! 1980;89:504-512.

Schmidt D, Abel LA, Dell'Osso LF, Daroff RB.
Saccadic velocity characteristics: intrinsic
variability and fatigue. Aviat Space Envizon Med
1979;April:393-395.

Spooner JW, Sakala SM, Baloh RW. Effect of
aging on eye tracking. Arch Neurol
1980;37(Sept):575-576.

Sharpe JA, Sylvester TO. Effect of aging on
horizontal smooth pursuit. Invest Ophthalmol Vis
Sci 1978;17(5):465-468.

Schalen L. Quantification of tracking eye
movements in normal subjects. Acta Otolaryngol
1980;90:404-413.

Baloh RW, Kumley WE, Sills AW, Honrubia V,
Konrad HR. Quantitative measurement of smooth
pursuit eye movements. Ann Otolaryngol
1976;85:111-119.

Langenegger T, Meienberg O. Slow conjugate eye
movements, normative data for routine diagnosis
of ophthalmo-neurological disorders.
Neuro-ophthalmology 1988;8(2):53-76.

Larsby B, Thell J, Moller C, Odkvist L. The
effect of stimulus predictability and age on
human tracking eye movements. Aeta Otolaryngol
Stockh 1988;105¢1-2):21-30.

Meyer CH, Lasker AG, Robinson DA. The upper
limit of human smooth pursuit velocity. Vis Res
1985;25(4):561-563.

Paige GD. Senesecence of human viswal-
vestibular interactions: smooth pursuit,
optokinetic, and vestibular control of eye
movements with aging. Exp Brain Res
1994;98(2):355-372.

Zackon DH, Sharpe JA. Smooth pursnit in
senescence, Effects of target acceleration and
velocity. Acta Otolaryngol Stockh 1987;
104(3-4):250-297.

Australian Orthoptic Joumnal, Volume 37, 2003 »>> 15




The effect of aging on horizontal saccades 2nd smooth pursuit eye movements

36.

37

38,

39.

40.

41.

42,

43.

45.

46.

47.

48.

49,

50.

51.

Bahill AT, Tandolo J, Troost BT. Smooth pursuit
eye movements in response to unpredictable
target waveforms. Vis Res 1980;20:923-931,

Kowler E. Cognitive expectations, not habits,
control anticipatory smooth oculomotor pursuit.
Vis Res 1989;29(9):1049-1057.

Jenkyn LR, Reeves AG, Warren T, Whiting RK,
Clayton RJ, Moore WW, et al. Neurologic signs
in senescence. Arch Neurol 1985;42(12):1154-7.

Kaye JA, Oken BS, Howieson DE, Howieson J,
Holm LA. Neurologica) evaluation of the
optimally healthy oldest old. Arch Neurol
1994;51(12):1205-1211.

Chan T, Codd M, Kenny P, Eustace P. The effect
of ageing on catch-up saccades during horizontal
smooth pursuit eye movement.
Neuro-ophthalmology 1990;10(6):327-330.

Hutton JT, Morris JL. Looking and seeing with
age-related neurologic disease and normal aging.
Semin Neurol 1989;9(1):31-38.

Hotson JR, Steinke GW. Vertical and horizontal
saccades in aging and dementia.
Neuro-ophthalmology 1988;8(5):267-273.

Munoz DP, Broughton JR, Goeldring JE,
Armstrong IT. Age-related performance of human
subjects on saccadic eye movement tasks.

Exp Brain Res 1998;121:391-400,

. Shafig-Antonacci R, Maruff P, White S, Tyler P,

Dudgeon P, Currie . The effects of age and mood
on saccadic function in older individuals.
J Gerontol 1999;54B(6):361-368.

Whitaker LA, Shoptaugh CF, Haywood KM.
Effect of age on horizontal eye movement latency.
Am J Optom Physiol Opt 1986;63(2):152-5.

Wilson SJ, Glue P, Ball D, Nutt DI. Saccadic eye
movement parameters-in normal subjects.
Electroencephalog Clin Neurophysiol
1993;86:69-74.

Morrow MJ, Sharpe JA. Smooth pursuit initiation
in young and elderly subjects. Vis Res
1993;33(2):203-210.

Versino M, Cosi V. Quantitative evaluation of
smooth pursuit eye movements by personal
computer - 1) normative data and the effects of
aging. Boll Soc It Bio! Sper 1990;66(7):701-708.

Kaufman SR, Abel LA. The effects of distraction
on smooth pursuit in normal subjects. Acta
Otolaryngol Stockh 1986;102(1-2):57-64.

Versino M, Beltrami G, Zambarbieri D,
Castelnovo G, Bergamaschi R, Romani A, et al. A
clinically oriented approach to smooth pursuit eye
movement quantitative evaluation. Acta Neuro!
Scand 1993;88(4):273-278.

Kanayama R, Nakamura T, Sano R, Ohki M,
Okuyama T, Kimura Y, et al. Effect of 2ging on
smooth pursuit. Acta Otolaryngol Stockh
1994;Suppl 511:131-134,

18 >> Australian Orthoptic Journal, Volume 37, 2003

52.

33,

4.

55.

56.

Kobatake K, Yoshii F, Shinohara Y, Nomura K,
Takagi S. Impairment of smooth pursuit eye
movement in chronic alcoholics. Eur Neurol
1983;22(6):352-396.

Kokmen E, Bossemeyer RW, Ir.,, Barmey J,
Williams WJ. Neurological manifestations of
aging. J Gerontol 1977;32(4):411-9.

Carter JE, Obler L, Woodward S, Albert ML. The
effect of increasing age on latency for saccadic
eye movements. J Gerentol 1983;38(3):318-320.

Lapidot MB. Does the brain age uniforrly?
Evidence from effects of smooth pursuit eye
movements on verbal and visual tasks. J Gerontol
1987;42(3):329-331.

Friedman L, Abel LA, Jesberger JA, Malki A,
Meltzer HY. Saccadic intrusions into smooth
pursuit in patients with schizophrenia or affective
disorder and normal controls. Biol Psychiatry
1962;31(11):1110-1118.

e g

[ |



