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Abstract
Optokinetic nystagmus is rhythmic eye movements, back and forth, with a slow and fast phase, when the
eyes are presented for full-�eld visual stimulus. OKN was recorded in 20 healthy subjects and 20 patients
suffering from vertigo, for four conditions: stripes moving 30 o/s left and right and 60 o/s left and right.

Calculating the scaling, the spread over time, for the integrated optokinetic nystagmus inter-saccadic
interval, the time intervals between the onsets of consecutive fast components, shows lower Hurst
exponent for velocity stimulation of 30o/s compared to 60o/s for both patients and health subjects, but
only reach statistical differences for the group of patients.

1 Introduction
In an earlier study it was shown that the pattern of the optokinetic nystagmus (OKN) amplitude sequence
scales statistically different compared to random permutations of the same numbers [1]. The aim of the
present study was to analyze if the OKN stimulation intensity, stripes moving with velocity of 30 and 60
o/s, in�uences the scaling properties of the integrated optokinetic nystagmus inter-saccadic intervals in a
group of patients suffering from vertigo and a group of healthy subjects.

1.1 Optokinetic nystagmus
When presented with a moving image, the eyes respond with a movement in the same direction as the
image, interrupted by quick/fast resetting phases [1–5]. Optokinetic nystagmus inter-saccadic interval
(OKN-ISI) is the time intervals between the onsets of consecutive fast components.

1.2 Hurst exponent
The scaling coe�cient H, the Hurst exponent, is a measure of memory of a time series with the three
properties [6–11]. H < 0.5 corresponds to a process with negative autocorrelation. H = 0.5 corresponds to
a time-integrated white noise time series with no memory. H > 0.5 corresponds to a process with positive
autocorrelation.

2 Material And Methods

2.1 Subject
Ten patients suffering from vertigo and ten healthy subjects were included in the study. The patients
included were consecutive patients examined at the Vestibular and Balance laboratory at the Department
of Otorhinolaryngology and Head and Neck Surgery at Haukeland University Hospital, Norway. The
healthy subjects were recruited among healthy hospital staff. All methods were carried out in accordance
with and approved by the Regional Committee for Medical and Health Research Ethics (REK 2012-1075).
Informed consent was obtained from all subjects.
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2.2 Recording technique
Horizontal eye movements were recorded with two electrodes (Ag-AgCl skin electrodes), which were
placed laterally to each eye, along with a reference electrode at the center of the forehead. The signal was
ampli�ed (10 s time constant and an upper cut-off frequency of 30 Hz) and digitized into a computer,
using 12 bit A/D resolution and 100 Hz sampling frequency (sampling time τs = 0.01).

OKN was recorded for four conditions: stripes moving 30 o/s left and right and 60 o/s left and right. This
gives a total of 40 recordings: 20 for 30 o/s -, and 20 for 60 o/s velocity.

2.3 Optokinetic stimulation and registration
OKN was obtained by stimulating the visual �eld with 3.75˚ width vertical light stripes separated by
11.25˚ width dark stripes. A slit projector presented the stripes on the inside of a hemispherical screen
(100 cm in diameter). The subjects were sitting in front of a screen in a darkened room with the head
restrained. The subjects were instructed to not follow the stripes with the eyes but to focus their vision on
the screen, allowing the optokinetic re�ex to control the eye movements. Recordings were performed with
the movement of the stripes at a velocity of 30˚/s and at 60˚/s, which are below and above the normal
threshold for smooth pursuit function [12, 13]. Each recording lasted for 1 min. Figure 1 shows a 1 s
recording of OKN.

3 Methods And Analysis
Analyzing methods for distinguishing random behavior from long-term correlation/memory in time series
have been described [14]. It has been shown that the mean square displacement exhibit scaling laws
proportional to Δt2H [15].

< Δx2 > = <(xi-xi-Δt)2 > ∼ Δt2H  (1)

< Δx2 >  is the mean square displacement, Δt is the time interval and H is the Hurst exponent. If data are
independent, i.e. no memory, the displacement will increase with the square root of time and H = ½.

3.1 The algorithm
The algorithm was applied to the integrated - the cumulative sum - of the nystagmus intersaccadic-
interval sequence series, Ti, adjusted for the mean.

{x}n
i=1 = ∑n

i=1(Ti– meanTi) (2)

where

meanTi = ∑n
i=1

T i
n  (3)
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The time series, xi, represents the integrated OKN-ISI sequence. A 1 min recording gives approximately n =
160 nystagmus beats.

First, we calculated the mean square displacement in measure of number of nystagmus inter-saccadic
intervals ki.

  (4)

Then, from the scaling properties, we �nd the slope Si.

  (5)

The scaling was then calculated using the method of least square to �t straight lines for 1 to m (m = 4 to
n/2) nystagmus inter-saccadic intervals (see Fig. 2).

Since the results of the Shapiro-Wilk test showed that the data was normally distributed (PV30 = 0.949
and PV60 = 0.512), paired Student t-test was used to compare the mean values of the Hurst exponent

parameters for velocity stimulation of 30o/s and 60o/s for the group of healthy subjects and for the
group of vertigo patients.

4 Results
Comparing the Hurst exponent for velocity stimulation of 30o/s and 60o/s for the group of patients for
various scaling length shows highest signi�cant differences for scaling of m = 36 nystagmus inter-
saccadic intervals (p = 0.00319) (see Fig. 3). No signi�cance was found for the group of healthy subjects.

Figure 4 shows the mean and standard error of the scaling for velocity stimulation of 30o/s and 60o/s for
scaling length m = 36 for patients and healthy subjects. The mean Hurst exponent is lower for
stimulation of 30o/s compared to 60o/s for both the patients and health subjects, but it only reaches
statistical differences (p < 0.005) for the group of patients.

5 Discussion And Conclusion
The mechanism behind the regulation of the various nystagmus component, related to the dynamical
behavior when responding to the environment, is still unexplored. In an earlier study surrogate data
analysis shows that the pattern of the OKN amplitude sequence is statistically different compared to the
random permutations of the same numbers [1]. The present study shows that there is difference in the
scaling, the spread of the integrated optokinetic nystagmus inter-saccadic interval over time, when
increasing the OKN stimulation from 30 to 60 o/s, implicating that the system switch to a different
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dynamical behavior. The result of discriminating �nding between healthy and patients, based on
statistical differences of the scaling between OKN stimulations of 30o/s and 60o/s velocity is a novel
�nding. This �nding is a supplement for better understanding of the mechanism behind the regulation of
the nystagmus sequence when reacting to the environment and can be helpful in diagnose vertigo
patients.

References
1. Aasen, T., Scaling Properties of Optokinetic Nystagmus Amplitude Sequence J. Biomedical Science

and Engineering 13:11:229–234 (2020

2. Aasen, T., Goplen, F.K., Nordahl, S. H. G. Short-term information pattern in optokinetic nystagmus
amplitude time series. J Vestib Res 23:71–75 (2013).

3. Magnusson, M., Schalén, L., Pyykkö, I., Enbom, H., Henriksson, N.G. Clinical considerations
concerning horizontal optokinetic nystagmus. Acta Otolaryngol Suppl 455:53–57 (1988).

4. Norouzifard, M., Black, J., Thompson, B., Klette, R., Turuwhenua, J. A Real-Time Eye Tracking Method
for Detecting Optokinetic Nystagmus. In: Palaiahnakote S., Sanniti di Baja G., Wang L., Yan W. (eds)
Pattern Recognition. ACPR 2019. Lecture Notes in Computer Science, vol 12047. Springer, Cham.
(2020).

5. Chun, K. S., Robinson, D. A. A model of quick phase generation in the vestibuloocular re�ex. Biol
Cybern 28:209–221 (1978).

�. Collins, J. J., De Luca, C. J. Random walking during quiet standing. Phys Rev Lett 73:764–767
(1994).

7. Palatinus, Z., Dixon, J. A., Kelty-Stephen, D. G. Fractal �uctuations in quiet standing predict the use of
mechanical information for haptic perception. Ann Biomed Eng 41:8: 1625–34 (2013).

�. Gorshkov, O., Ombao, H. Evaluation of monofractal and multifractal properties of inter-beat (R-R)
intervals in cardiac signals for differentiation between the normal and pathology classes. IET Signal
Processing 13:9:798–805 (2019).

9. Chen, Y. C., Lin, L. L., Lin, Y. T., Hu, C. L., Hwang, I. S. Variations in Static Force Control and Motor Unit
Behavior with Error Ampli�cation Feedback in the Elderly. Front Hum Neurosci 11:538 (2017).

10. Goel, R. et al. Assessing Somatosensory Utilization during Unipedal Postural Control. Front. Syst.
Neurosci 11:21 (2017).

11. Aasen, T., Nordahl, S. H. G., Goplen, F. K., Knapstad, M. K. The turning point for maintaining balance.
J Diagn Tech Biomed Anal 8:1 (2019).

12. Schalén, L. Quanti�cation of tracking eye movements in normal subjects. Acta Otolaryngol 90:404–
413 (1980).

13. Spalton, D. J. Neuro-Ophthalmology. In: D.J. Spalton, R.A. Hitchings and P.A. Hunter, eds, Slide atlas
of ophthalmology. Gower Medical Publishing Ltd.: London (1984).



Page 6/9

14. Mandelbrot, B. B., van Ness, J. W. Fractional Brownian Motions, Fractional Noises and Applications.
SIAM Rev 10:422–437 (1968).

15. Feder, J. Fractals. New York, NY, Plenum (1988).

Figures

Figure 1

A 1 s registration of an optokinetic time series. Upward direction represents eye movement to the right
and downward direction represents eye movement to the left.
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Figure 2

Plots of Log(k) versus 12𝐿𝑜𝑔( <𝛥𝑥𝑖
2>𝑘) for a sequence of integrated optokinetic nystagmus inter-

saccadic interval for scaling length m = 36.
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Figure 3

Plots of the signi�cant level p for the difference between velocity stimulation of 30o/s and 60o/s for the
group of patients for various scaling length m. Highest signi�cant differences is found for scaling length
of m = 36.
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Figure 4

Mean and standard error of the Hurst exponent for OKN stimulation of 30o/s and 60o/s velocity for
scaling length m = 36 for the groups of healthy subjects and vertigo patients. * p < 0.005


