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Summary
Are the oculomotor disturbances in myotonic dystrophy
(MD), i.e. reduced smooth pursuit (SP) gain and reduced
saccadic peak velocity (PV), of muscular or central origin ?
To answer this question the following two approaches were
used, (i) The performance of SP was compared with the
patient's ability to suppress the vestibulo-ocular reflex (VOR)
visually (VOR suppression; VOR-S). In the latter task the SP
system is involved, but the eyes hardly move within the orbits.
A parallel impairment of SP and VOR-S would indicate a
central dysfunction, (ii) Peak saccadic velocity was
compared between two saccades performed to and fro in
rapid succession. The intention was to measure any myotonic
effect which might build up after the first saccade and slow
down the second saccade. We studied 15 MD patients and
15 age-matched controls. Stimuli for slow eye responses
consisted of sinusoidal horizontal rotations of the SP target
and/or the vestibular rotation chair at frequencies between
0.1 and 0.8 Hz. Saccades were analysed in terms of PV,
accuracy, duration and latency, comparing centripetal versus
centrifugal saccades at short and long intersaccadic intervals
(ISI; 400 ms and 900 ms, respectively). The SP gain was
reduced in patients compared with the controls, the effect

being most pronounced (32% less) at the highest stimulus
frequency. Whereas VOR was normal in the patients, VOR-
S was clearly impaired (50% worse at 0.8 Hz). Despite
normal saccadic accuracy, peak saccadic velocity was
significantly lower in the patient group (23% less for saccades
of 12° amplitude), similarly for centrifugal and centripetal
saccades; all these differences were independent of the ISI.
Latency was normal with centrifugal saccades, but was
considerably increased with centripetal saccades at short ISI
(67% longer compared with controls). The observation of a
parallel degradation of SP and VOR-S in the patients is
interpreted in terms of a central deficit in the SP pathways.
Thus, it appears that slow eye movements were not impaired
by muscle dystrophy and myotonia to a considerable degree in
our patients. The increase in saccadic latency for centripetal
saccades at the shori ISI also reflects a central deficit.
However, the observed slowing of saccades might have a
myopathic or neural origin; a distinction was not possible
at present. A myotonic origin of the saccade slowing seems
unlikely, because the effect was independent of the
presaccadic activation of the relaxing (antagonistic) eye
muscle.

Keywords: myotonic dystrophy; saccadic eye movements; smooth pursuit eye movements; vestibulo-ocular reflex; VOR
suppression

Abbreviations: A = saccade amplitude; A^ = saccade amplitude at which peak velocity reaches 63% of its saturation value;
ISI = intersaccadic interval; MC = myotonia congenita Thomsen; MD = myotonic dystrophy; PV = saccadic peak velocity;
PV|2 = peak velocity at 12°; PVMAX = asymptotic maximum of peak velocity; SP = smooth pursuit; SQ = fixation
suppression quotient; VOR = vestibulo-ocular reflex; VOR-S = VOR suppression

Introduction
Myotonic dystrophy is an autosomal dominant, multisystem
disorder, characterized by a delay in muscle relaxation after
active contraction (myotonia), dystrophic muscle changes,
mild peripheral neuropathy and CNS involvement. Almost
all MD patients show an unstable cytosine thymine guanine
trinucleotide repeat, located within the MD gene on
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chromosome 19 (Brook et ai, 1992). Clinical manifestations
of ocular involvement mainly include ptosis and cataract, and
rarely diplopia or restriction of the range of eye movements
(Miller, 1985). Furthermore, subclinical signs like a slowing
of saccades and attenuation of SP gain have been described
by means of oculographic recordings (Baloh et ai, 1975;
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Oohira et al., 1985; Ter Bruggen et al., 1990; Bollen et al.,
1992; Koca et al., 1992).

Although the decrease in saccadic velocity has been
accepted in the literature as a subclinical feature of the disease,
its pathophysiology (peripheral or central) has remained
controversial to date. Some authors assume that it stems from
dystrophic changes in the extraocular muscles (Oohira et al.,
1985; Ter Bruggen et al., 1990). Dystrophic changes of
the extraocular muscles have in fact been demonstrated
histologically (Davidson, 1961; Kuwabara and Lessell, 1976).
The finding of a 'warming-up' phenomenon for repetitive
saccades was explained in terms of myotonia (Hansen et al.,
1993), which is known to involve the extraocular eye muscles
(Oohira et al., 1985; Ter Bruggen et al., 1990). Still other
authors suggested a central origin (Emre and Henn, 1985).

To address the question of a central versus peripheral
origin for the oculomotor abnormalities in MD patients we
studied both slow and fast eye movements. In particular, we
compared their SP performance with their ability to suppress
the VOR by visual fixation (VOR-S). The latter applies to a
condition in which the subject fixates a visual target that is
kept in fixed alignment with the head during whole-body
rotation on a Barony chair, so that the eyes hardly move
within the orbit. It is generally assumed that the SP system
is critically involved in this phenomenon {see Barnes, 1993).
The effectiveness of the VOR-S is a powerful tool in
evaluating the integrity of CNS function (Chambers and
Gresty, 1983). Similar deficits observed for both SP and
VOR-S would support a central mechanism for the SP
impairment. In order to obtain an estimate of the SP signal
used for VOR-S, the VOR was measured too.

With respect to saccadic eye movements, we compared
horizontal centrifugal and centripetal saccades, the latter
being performed with a short or a long ISI. Presaccadic
activity of the pulling and the relaxing muscles that generate
the saccade are different in the centrifugal versus the
centripetal condition. Consider a centrifugal saccade of the
right eye toward the right side. Prior to the saccade, the eye
is in the primary position and both lateral and medial
rectus muscles show a similar, intermediate state of activity.
Following the saccade, the eye is deviated toward the right
side, and activity in the lateral rectus muscle is high and that
in the medial rectus muscle is low. This then represents the
starting position for the centripetal saccade. Given that eye
muscle myotonia is a relevant factor that affects eye motility,
one would expect that the centripetal saccade is slowed down
by a delayed relaxation of the lateral rectus muscle due to
myotonia, possibly depending on the time interval between
the centrifugal and centripetal saccade. A similar slowing of
both centrifugal and centripetal saccades, by contrast, would
suggest a myopathic, neural or brainstem origin of the deficit.
In the saccade test, saccadic accuracy, duration and latency
were also evaluated.

The results obtained from the MD patients were compared
with those of normal controls and, for saccades only, with
those of two patients with myotonia congenita Thomsen

(MC). MC patients differ from MD patients, in that they
show neither muscle dystrophy nor CNS involvement.

Methods
Apparatus and stimuli
The subjects were seated on an electrically powered B&rdny
chair (Tonnies, Freiburg) in the centre of a cylindrical screen
of 1.6 m radius. During presentation of the stimuli their
heads were stabilized by means of a dental bite-board. A
laser spot, subtending 0.2° of visual angle, could be projected
onto the screen and horizontally rotated by means of a mirror
galvanometer, the axis of which was collinear with that of
the turning chair. The luminance of the laser was adjusted,
by means of polarizing filters, to be well above subject's
detection threshold for the spot.

Smooth pursuit and VOR runs
To elicit SP eye movements (i) the spot was rotated about
the stationary subject, with the subject tracking the spot with
his eyes. Horizontal VOR (ii) was elicited by rotating the
turning chair in darkness, with the subject performing mental
arithmetic to maintain a high vigilance level. For the testing
of VOR-S (iii) the chair was rotated and the spot was
presented so that it rotated in fixed alignment with the
subject's head. The subject was instructed to fixate the spot.
Stimuli consisted of sinusoidal rotations at frequencies of
0.2, 0.4, and 0.8 Hz with a PV of 20° s"1 (peak displacement,
±16°, ±8° and ±4°, respectively), and at 0.1 Hz (with a
PV of 10° s"1; peak displacement, ± 16°). At each frequency
4-6 stimulus periods were dispensed. The order of stimulus
conditions (i-iii) was randomized, whereas that of stimulus
frequency within stimulus conditions was arranged in an
ascending fashion (0.1-0.8 Hz).

Saccade runs
In these tasks the spot was initially presented as a fixation
point located straight ahead with respect to the subject (eyes
in primary position in orbit; presentation time 1500 ms).
Then the spot was extinguished and, following an interval
of 100 ms, it reappeared in a lateral eccentric location (8° or
16° on either the right or left side) as target for centrifugal
saccades and then, again after a 100 ms gap, at primary
position as target for centripetal saccades. The time interval
between peripheral and second central target presentation
was varied, yielding two different ISI (400 ms or 900 ms)
for the centripetal saccades. The trial duration was 3 s. Target
locations and ISI were randomized. Each subject performed
10 trials for each of the four target locations and each of the
two interstimulus intervals (total, 80 trials).

During the recording session the subject was continuously
monitored by means of an infrared camera system. The
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experimenter repeatedly made verbal contact with the subject
and allowed for appropriate pauses to avoid fatigue.

Eye movement measurements and data analysis
Eye movements were recorded using an infrared corneal
reflection device (IRIS, Skalar MedicaJ, Delft, The
Netherlands) with a best spatial resolution of 2 arcmin. The
system is linear within 3% for horizontal eye displacements
of ±20°, and derives eye velocity by on-line electronic
differentiation of the eye position signal. The position and
velocity signals from both eyes, the position signals of the
chair and the mirror galvanometer, together with the on—off
signal of the laser beam, were sampled at 500 Hz and stored
in a laboratory computer for off-line analysis.

Calibration of eye position was performed prior to, and
after, each run. For calibration, subjects shifted their eyes
repeatedly from the central fixation point towards targets at
lateral locations of ±20°. A small calibration error with
respect to VOR and SP, related to the fact that subjects' eyes
were located ~9 cm in front of the rotation axes of the chair
and the mirror galvanometer, was neglected (error -5%).

For the analysis of the SP, VOR and VOR-S, eye move-
ment recordings and smooth eye responses were separated
from the compound responses by identifying the saccades
and replacing them under visual control by linear segments,
joining the corresponding beginning and end points. This
was performed with the help of an interactive computer
program. The smooth eye response signal and the stimulus
signal which evoked the response were Fourier trans-
formed and expressed in terms of gain and phase. Gain was
defined as the amplitude ratio of the eye fundamental to the
stimulus fundamental (SP gain, VOR gain, and VOR gain in
the VOR-S condition: VOR-S gain). Phase was defined
by the phase difference between the eye and stimulus
fundamentals. To relate the VOR-S to the VOR amplitude,
a fixation suppression quotient was calculated (SQ);
[SQ = I - (VOR-S gain/VOR gain); see Koenig el ai, 1986;
Johnston and Sharpe, 1994]. These values were calculated

for three or four cycles of the sinusoidal stimulation, taking
the median value for statistics. When analysing the data for
leftward versus rightward eye movements no differences
were noted for SP, VOR or VOR-S. The data were therefore
lumped together across both directions.

The analysis of saccades was performed solely for the
right eye. For this analysis, an interactive computer program
was used which extracted saccade latency, duration, amplitude
and maximum velocity. This was analysed separately for
centrifugal and centripetal saccades, distinguishing between
centripetal saccades at short (400 ms) and long (900 ms)
interstimulus intervals. The dependency of the PV on
amplitude was evaluated by fitting a curve to the peak
velocity/amplitude data according to an exponential law of
the type

PV = PVM Ax*[ l - exp(- A/A<B) ] ,

(main sequence; Baloh et ai, 1975; Becker, 1989). In this
equation A represents the amplitude of a saccade, PVMAX

the asymptotic maximum of PV as the amplitude tends
towards infinity, and A^ is the amplitude at which PV
reaches 63% of its saturation value. The ratio PVMAX/A<;3
equals the initial slope of the function for small values of A.
This analysis was applied to centrifugal saccades as well as
to centripetal saccades with short and long ISI, including
primary and secondary (corrective) saccades. Saccade
accuracy was calculated for primary centrifugal saccades
from the ratio of eye to target displacement. Statistical
significance was assessed by analysis of variance.

Patients and controls
Fifteen MD patients aged 17-58 years (38.6±14.5,
mean±SD), two MC patients aged 16 and 26 years, and
15 healthy subjects aged 16-61 years (35.1 ±12.3) gave their
informed written consent to the study which was approved
by the local Ethics Committee. General physical, neurological
and ophthalmological examinations were performed on the
patients.

The diagnosis of MD was based on the clinical picture
with distal muscle weakness together with a myotonic
reaction, which was related to the presence of typical 'dive
bomber' discharges in EMG recordings. In most patients
the symptoms began in early adulthood, with the duration of
the disease since diagnosis ranging from 2 months to 16
years. The severity of MD was assessed by the Karnofsky
index (Karnofsky and Burchenal, 1949); it ranged between
50% and 90% (mean 75%), i.e. most of the patients were
capable of doing light work (selection criterion: Karnofsky
index 3*50%). Visual acuity was better than 0.6. Eleven
patients had bilateral ptosis and one patient showed a
limitation of left eye abduction with target eccentricity
>40°. Routine clinical examinations of eye movements were
otherwise normal. None of the patients showed signs of
somnolence or decreased mental fatigue strength.

In two patients, typical clinical features with onset of
myotonia in early childhood or infancy and subsequent
gradual improvement, 'athletic' appearance with muscle
hypertrophy instead of muscle wasting, lack of myopathic
changes and presence of myotonic activity in the EMG and
absence of the characteristic genetic MD abnormalities on
DNA analysis (tested in only these two patients) suggested
the diagnosis of MC. Other family members were similarly
affected in one case, while the family history was negative
in the other case.

None of the patients or the controls took any drugs at the
time of the eye movement measurements.

Results
Smooth pursuit
Figure 1A gives an example of SP in a MD patient at 0.2 Hz
stimulus frequency. Composite eye displacement ('eye
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Fig. 1 (A) Example of impaired SP eye movement in a patient
with MD. The target moves sinusoidally at 0.2 Hz with a 32°
peak-to-peak amplitude, while the rotation chair is stationary. The
eye position signal contains catch-up saccades, which are
especially prominent in the eye velocity signal below. After the
removal of the saccades from the eye position trace, the smooth
component is obtained. (B) Example of VOR-S. The patient
(same as in A) tries to fixate the eyes on the target which is
rotated in fixed alignment with the chair (0.2 Hz; 32°). Note that
VOR-S is incomplete.

Fig. 2 Gain of slow component of (A) smooth pursuit, (B) VOR
in complete darkness and (C) VOR-S from MD patients (n = 15,
open circles) and controls (n = 15, filled circles). Mean gain
values (±95% confidence intervals) are plotted as a function of
stimulus frequency.

position') corresponds quite well to target displacement,
whereas its smooth component is considerably smaller, a fact
which is compensated for by saccades (so-called catch-up
saccades). Mean SP gain is shown in Fig. 2A as a function of
stimulus frequency, separately for the MD patients and the
normal controls. Normal subjects show an essentially constant
gain of almost unity at 0.1-0.4 Hz and a slight gain attenuation
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at 0.8 Hz. The patients' gain is lower by about 0.15 at 0.1 Hz,
with the difference becoming larger with increasing frequency,
amounting to 0.27 at 0.8 Hz. Statistically, these effects were
significant with respect to the two factors, group and frequency
[group: F( 1,112) = 89.9, P< 0.0001; frequency:/7 (3,112) =
25.9, P < 0.0001]. Furthermore, there was a significant
interaction between the two factors; the difference between
patients and controls was larger at high compared with low
frequency [F (3,112) = 3.28; P = 0.02].

The phase developed a slight lag with increasing stimulus
frequency, from -1° at 0.1 Hz to -12° at 0.8 Hz (not shown),
similarly in both the patient and the control group (statistically
no significant difference). There was no obvious relationship
between the SP gain and the Kamofsky index.

Vestibulo-ocular reflex
Figure 2B shows the VOR gain as a function of stimulus
frequency for the patients and the control subjects. There
was no statistically significant effect with respect to the
factor group, but there was an effect for the factor frequency
[F (3,112) = 9.17; P < 0.0001]; it is well known that VOR
gain is slightly higher at high compared with low frequency.

Similarly in both subject groups the VOR phase was
essentially ideal, i.e. the phase of the VOR slow component
was almost perfectly compensatory with respect to chair
displacement at 0.2, 0.4 and 0.8 Hz (not shown). Only at
0.1 Hz did the VOR exhibit a slight phase lead in the patients
(8°±10.5°), unlike that in the controls (0°±8.3°).

Vestibulo-ocular reflex suppression
Neither the patients nor the controls perfectly cancelled their
VOR during fixation of the head-fixed spot. An example
from a MD patient is given in Fig. IB. Mean VOR-S gain
(Fig. 2C) in normal controls was 0.09 at 0.1 Hz and increased
slightly with increasing frequency, reaching 0.24 at 0.8 Hz.
In the patient group gain was higher by 0.04 at 0.1 Hz,
with the difference becoming slightly larger with increasing
frequency. Statistically, there were significant effects for the
factors group [F (1,112) = 47.4; P < 0.0001] and frequency
[F(3,112) = 59.3; P < 0.0001], while there was no significant
interaction between these factors. When analysing the SQ
there were again significant effects for the factors group and
frequency.

Scatter of phase values in this stimulus condition, in which
the response showed only small amplitudes, was large in
both patients and controls. Therefore, an analysis of these
phase data was omitted.

Saccadic PV, duration and accuracy
Figure 3 gives examples of a centrifugal saccade followed
by a centripetal saccade at short and long ISI. Figure 4 shows
PV as a function of saccade amplitude in terms of the
fitted exponential function (main sequence; see Methods),
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EYE
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B TARGET
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EYE
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Fig. 3 Examples of visually-guided saccades from an MD patient.
(A) Trial with a short ISI (400 ms). (B) Trial with a long ISI
(900 ms). The patient first fixates the target at the primary
position, which is then is extinguished for a 100 ms interval/gap
and reappears at 16° to his right as target for a centrifugal
saccade (vertical lines: 1). After a presentation time of 300 ms
(A) or 800 ms (B) and a further gap of 100 ms the spot reappears
at its primary position as the target for a centripetal saccade
(vertical lines: 2).

separately for the centrifugal saccades and the centripetal
saccades at short and long ISI. When comparing mean error
sums of squares as a measure of fit quality across patients
and controls, no statistically significant difference was found
(P = 0.6). In normal subjects the exponential curves for
centrifugal saccades tended towards a PVMAX of 474° s~',
which is in accordance with the literature (Becker, 1989).
The PVMAX values for centripetal saccades with short and
long ISI were considerably higher (584° s"1 and 533° s"1,
respectively). The corresponding PVMAX values in the MD
patients were lower than in the normal controls (381° s~',
405° s"', and 398° s"1, respectively), without showing a
considerable difference between the three saccade conditions,
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Fig. 4 Exponential fits of the PV as a function of saccade
amplitude in MD patients (thick curves) and normal controls (thin
curves). The fits are plotted separately for the centrifugal saccades
(solid lines) and for the centripetal saccades at short and long ISI
(dotted and dashed lines, respectively). The asymptotic maxima of
P v (PVMAX ) a r e g i v e n o n the right hand side (see PVm).

however. Statistical analysis was restricted to a saccade
amplitude of 12° in the fitted curves, thus remaining well
within the range of the actual measured amplitudes. The
corresponding mean values for PV at 12° (PV!2) and the
quotient PVMAX/A63 are given in Table 1, separately for the
three saccade conditions. For PV|2, statistics revealed a
significant effect for the factor group [F (1,84) = 37.2;
P = 0.0001], but no significant effect for that of saccade
condition. Corresponding results were obtained for the
quotient PVMAX/A63 (factor group: P = 0.0018).

The reduction of PV in patients suggests that, in order
to reach a given amplitude, saccade duration has to be
increased. This assumption held true; mean duration for 12°
centrifugal saccades was 58±8 ms in normal subjects, while
the corresponding value in patients amounted to 72±16 ms
[F (1,28) = 9.80; P = 0:004]; values were taken from the
regression line of the duration-amplitude function. Saccade
duration in patients did not depend on saccade condition,
which is in line with the fact that saccade slowing was
similar in the three conditions (see above). In contrast,

saccadic accuracy of the centrifugal saccades was similar in
the MD patients (0.83 ±0.09) compared with the normal
subjects (0.87±O.ll; statistically no significant difference).
The same applied to the centripetal saccades with short and
long ISI.

Saccadic latency
The saccadic latencies of normal subjects and of MD patients
are plotted in Fig. 5 as frequency histograms, separately for
the centrifugal saccades and the centripetal saccades with
short and with long ISI. The distributions for the centrifugal
saccades are similar across normal subjects and patients
(mean latencies: 209±36 ms and 228±47 ms, respectively)
and are in accordance with previous studies on visually
guided saccades (Becker, 1989). For centripetal saccades
with short ISI, the distribution in normal subjects remains
similar to that for centrifugal saccades (200±48 ms), whereas
the distribution for the patients becomes different; apart from
a small initial peak (present in five of the 15 MD patients),
there is a pronounced broadening of the distribution, which
is reflected in a considerable increase in mean latency
(334±138 ms).

For the centripetal saccades with long ISI, the distribu-
tions in normal subjects and patients become more similar
again, in that both show some anticipatory saccades
(latencies: -200 to +100 ms) and the mean latencies become
shorter (normal subjects: 137±21 ms; patients: 191±60ms).
Still, there remains a difference between normal subjects
and patients with respect to a clearly broader distribution in
the patients. Statistically, there were significant effects for
the factors group [F (1,84) = 22.4; P = 0.0001] and
saccade condition [F (2,84) = 16.7; P = 0.0001], and a
significant interaction between the two factors, in the sense
that the latencies for the centripetal saccades were longer
in the patients than in the control subjects [F (2,84) = 5.4;
P = 0.006]. Neither for the patients nor for the control group
was there a relationship between the latency at short ISI and
the corresponding trial-to-trial variation in PV (taken as the
ratio of the actual PV of a saccade and the one predicted by
the exponential fit).

Saccade parameters in MC patients
The measures used to characterize PV as a function of
saccade amplitude (PVI2, PVMAX/A<y) for the two MC

Table 1 Peak saccadic

Centrifugal saccades
Centripetal, short ISI
Centripetal, long ISI

velocity (" s~')

Controls

PV|2

381 ±72.6
397 ±66.4
380+64.9

PVMAx/A«

69.4+10
63.4±13.6
66.4±16

MD patients

PV,2

306±76.4
301 ±59.8
291 ±64.8

PVMAX/A.3

58.8+12.9
54.8±13.9
56.6±18.1

MC patients

PV,2

407 ±76.4
431+21.2
421 ±28.3

P V M A X / A 6 3

66.6±14.2
56.7±24.2
66.9±9.5
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Fig. 5 Frequency histograms of saccadic latencies from MD patients and normal controls, for centrifugal and centripetal saccades at
short and long ISI (bin width = 10 ms).

patients are also shown in Table 1. Their data fall well into
the normal range. Furthermore, saccadic accuracy of the
centrifugal saccades in the MC patients (O.88±O.O1) was
similar to that in normal subjects. Finally, the latencies of
centrifugal saccades (208±52 ms) and the centripetal
saccades at short ISI (167±38 ms) and at long ISI
(141 ±8 ms) of MC patients were also normal.

Discussion
Smooth pursuit and VOR-S
There is considerable physiological evidence that SP makes
a major contribution to VOR-S (Barnes et al., 1978;
Robinson, 1982; see Barnes, 1993). Evidence also comes
from studies investigating the effect of cerebellar lesions on
SP and VOR-S (Dichgans et al., 1978; Zee el al., 1981;
Waterston el al., 1992). Furthermore, in a large population
of 52 patients selected on the basis of a SP deficit, all patients
also showed a deficit in VOR-S (BUttner and Grundei, 1995).

Our results, showing a degradation of SP gain in MD
patients, confirm the findings of a number of previous authors
(von Noorden et al., 1964; Burian and Burns, 1967; Bollen
et al., 1992). Furthermore, our results show that the patients'
SP deficit can be differentiated from the performance of
normal controls better at high than at low stimulus frequency
(or acceleration, since this covaried with frequency in our
experiments). In contrast, VOR was normal in our patients,
which excludes the possibility that peripheral deficits might
significantly affect their performance of slow eye movements.
The normal VOR gain together with normal latencies of
centrifugal saccades {see below) also indicates that our
patients' level of vigilance was not degraded. In line with
this notion was the finding that SP phase was normal in our
patients. Furthermore, a normal SP phase at high stimulus
frequencies suggests that the patients' capability of predicting
periodic stimuli is essentially preserved (see Waterston
et al., 1992).

Our patients' ability to suppress the VOR was impaired;
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VOR-S gain was significantly higher than in the control
subjects. This held true when we analysed the SQ, which takes
into account subjects' VOR gain. However, the impairment of
VOR-S was slightly less than that of SP. This is similar to
earlier findings in patients with cerebral lesions, and applies
to both the horizontal (Chambers and Gresty, 1983) and the
vertical (Ranalli and Sharpe, 1988) planes. The phenomenon
is generally related to the fact that VOR-S involves, in
addition to SP, non-visual mechanisms. For instance, it may
be enough that a subject imagines a head-fixed visual target
in order to suppress the VOR (Barr et al., 1976), and
suppression of the VOR can start prior to SP (Johnston and
Sharpe, 1994).

Taken together, we assume that the parallel degradation of
SP and VOR-S in our MD patients reflects a central deficit.
A cerebral involvement in MD is well established in the
literature. Several studies have demonstrated cognitive
impairments (see Censori et al., 1994). Furthermore, NMR
imaging has revealed considerable white matter lesions in
the cerebral hemispheres (Huber et al., 1989; Damian et al.,
1993). Diffuse loss of myelin in the deep white matter has
been described in a neuropathological case report (Abe et al.,
1994). We used NMR with three of our patients, and all
three showed white matter lesions of the kind described in
the previous studies. This raises the question, whether the
patients' SP deficit is related to a general mental impairment,
or to a more specific one that involves visuo-motor functions.
As already mentioned above, the finding of a normal VOR
and of normal latencies of centrifugal saccades speak against
the assumption that the SP deficit results from a diffuse
cerebral impairment. Furthermore, there was no correlation
between SP gain and the Karnofsky index. We therefore
conceive that the SP deficit stems from a specific involvement
of cerebral visuo-oculomotor pathways. It has been shown
that the lesions in MD show a preponderance for the
peri ventricular white matter (Glantz et al., 1988). We suggest,
in accordance with Bollen et al. (1992), that the patients' SP
deficit might be related to lesions of fibres descending from
visual association areas, which in monkey have been shown
to pass through posterior periventricular regions (Tusa and
Ungerleider, 1988). Lesions of the parieto-occipital visual
association areas are known to affect SP gain, especially at
high stimulus frequencies/accelerations (Leigh and Tusa,
1985).

Saccades
Saccadic accuracy (amplitude) as well as latency of
centrifugal saccades in our MD patients were similar to those
in the controls. These findings are in agreement with earlier
results of Ter Bruggen et al. (1990) and Bollen et al. (1992).
Other authors, in contrast, have reported hypometric saccades
in MD patients (Koca et al., 1992; Hansen et al., 1993). We
assume that the patients in these studies were more severely
affected by the disease than our patients (see Selection
criterion in Methods). Yet, the saccades of our patients were

affected with respect to peak eye velocity and duration and,
as a novel finding, to the latency of centripetal saccades.
Since we take for granted that the latency increase also
represents a central deficit, we consider this finding first,
before dealing with PV.

The saccadic task used was specific, in that the timing of
the central target presentation (for centripetal saccades) was
randomized (either 400 ms or 900 ms). The subjects could
not predict whether the target would appear at the short
interval or not, whereas if no target came up at 400 ms,
subjects would 'know' that the interval was long. Normal
subjects drew profit from this situation, in that their mean
latency for the centripetal saccade at the long interval was
considerably shorter than that for the centripetal saccade at
the short interval and that for the centrifugal saccades (mean
values: 137, 200, and 209 ms, respectively). In contrast, our
MD patients showed only a minor difference between long
interval centripetal saccades and the centrifugal saccades
(191 ms versus 228 ms). The most impressive finding,
however, was a pronounced increase in latency for the
short interval centripetal saccades (334 ms). Obviously, this
increase is not related to myopathic or myotonic muscle
changes, since PV (as well as saccadic amplitude and
duration) was similar across the three saccade conditions.
For the same reason one would not assume a neural or
brainstem dysfunction, either. The deficit certainly stems
from a hemispherical dysfunction. Considering the fact that
the latency for centrifugal saccades was essentially normal
in our patients, we exclude a major impairment of visual
pathways as reported by other authors, who observed an
increase of saccade latency associated with a prolonged VEP
latency in their MD patients (Ter Bruggen et al. 1990).
Rather, we consider that our MD patients had difficulties in
programming the saccades, a function which we would
localize mainly in the parieto-occipital visual association
areas (Braun et al., 1992; Pierrot-Deseilligny et al., 1992).

Functionally, saccadic peak eye velocity reflects a high-
frequency burst of oculomotor neurons and a rapid contraction
of the eye muscles, necessary to overcome inertia of the eye
ball and viscous-elastic properties of the soft tissues in order
to generate a rapid (saccadic) eye displacement (see Becker,
1989). Conceivably, myopathic and myotonic eye muscle
changes, which are observed in MD (Burns, 1969; Kuwabara
and Lessell, 1976; Ter Bruggen et al., 1990) and which
do not impair slow eye movements, might well become
functionally relevant with the extreme of activity during
saccades. We shall consider mainly the question whether the
slowing of saccades which we observed in accordance with
previous authors (Baloh et al., 1975; Oohira et al., 1985;
Emre and Henn, 1985; Ter Bruggen et al., 1990; Koca et al.,
1992; Hansen et al., 1993) is dependent on myotonia, as
suggested by Hansen et al. (1993), or may occur
independently of it.

As previously mentioned, myotonia is due to a delay in
muscle relaxation or, in other words, to prolonged involuntary
muscle activity which vanishes over time. In myotonia
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therefore, a sequence of two antagonistic movements should
lead to prolonged activity in the muscle performing the first
movement, thus impairing/slowing the second movement.
This effect should be stronger at shorter intervals between
these two movements. In our experiments, however, PV was
independent of the particular saccade condition, i.e. whether
the saccade was centrifugal or centripetal, and whether the
centripetal saccade was performed at a short or a long interval
after the centrifugal saccade. We therefore conclude that
myotonia does not play a role in our experiments.

Hansen et al. (1993) found, in a group of three MD
patients, that peak saccadic velocity and amplitude was
subnormal when tested after 1 min of ocular rest. However,
the a mplitude built up to normal when patients performed
a sequence of saccades at 0.5 Hz or 1.0 Hz. In parallel, PV
increased, but never reached normal values. The amplitude
and velocity deficit as well as the 'warming up phenomenon',
which is reminiscent of that seen in the skeletal muscles of
myotonic patients, was no longer found when patients were
on treatment with a membrane-stabilizing agent (tocainide).
We would assume, however, that this analogue of 'myotonic
stiffness' plays no role in the patients' everyday life.
Normally, ISI are of the order of 200 ms to a few seconds,
thus the extraocular muscles would normally be 'warmed
up'. In our experiments we tested subjects under these real
world conditions and, as mentioned above, did not find any
significant myotonic effect. In line with this notion, saccade
amplitudes were normal in our patients, who performed at
least two saccades per trial (trial duration, 3 s). Despite
normal amplitudes in our study, the PV was decreased, and
this decrease was essentially constant throughout the testing.
Furthermore, we observed no glissade-like saccade
trajectories in our patients, although they were briefly
mentioned in the study of Hansen et al. (1993).

A second, related finding in the study of Hansen et al.
(1993) was that the subnormal PV increased slightly as a
function of stimulus frequency (1.15 Hz compared with
0.18 Hz) in two patients of a second group of four patients.
However, it remained clearly subnormal at 1.15 Hz in three
of the four patients. Furthermore, the frequency effect was
also present in the normal control data of these authors.
Thus, the effects observed in both parts of their study, which
the authors attribute to myotonia, do not fully explain the
decrease of PV. As already mentioned, the decrease of PV
in our patients did not depend on the amount and duration
of presaccadic activity in the eye muscles. Finally, in our
two MC patients, in whom myotonia is the predominant
symptom, PV was normal.

Instead, we suggest that the slowing of saccades in our
MD patients is due to a moderate eye muscle paresis of
myopathic and/or neural (nerve or brainstem) origin. A
differentiation between muscular and neural origin was
attempted by Oohira et al. (1985), who found that PV of
large saccades, unlike that of small saccades, is decreased in
patients with ocular nerve paresis, whereas it is decreased
for both small and large saccades in patients with ocular

myopathy and, to a less degree, in patients with MD. In our
patients the initial slope of the PV-amplitude function (given
by PVMAX/A^3 in Table 1) is indeed consistently decreased
in all three saccade conditions. But the effect is so weak that
we cannot take it as an indication of a myopathic contribution,
at present.

Taken together, moderately impaired MD patients show
discrete oculomotor symptoms which may, in part, be of
muscular or neural origin (saccade slowing), whereas other
symptoms (deficit of SP and VOR-S; increase in latency of
saccades at short ISI) appear to stem from central lesions.
Myotonia, in contrast, apparently does not lead to a significant
functional deficit under normal conditions.
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