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Summary. Eye movements in five patients with chronic bilateral labyrinthine 
loss were tested with sinusoidal movements during cervico-ocular stimula- 
tion and active head movements (0.05, 0.1 and 0.2 s-J; 20, 40, and 60 ~ and 
were compared with healthy subjects. Consideration was given to saccadic 
activity and slow phase velocity of nystagmus and overall gaze shift. The 
cervico-ocular response was not altered in the patients. During active 
pendular head movements the saccadic activity and slow phase velocity" of 
nystagmus were more reduced than the eye shifts. The phase relation of eye 
shifts was not changed. In our patients neck to eye responses did not compen- 
sate for the abolished vestibulo-ocular reflex. 

Key words: Bilateral labyrinthine loss - Cervico-ocular reflex (COR) - 
Vestibulo-ocular reflex (VOR) 

Introduction 

The functional role of neck afferents from cervical joint and muscle receptors in 
the control of eye and head movements is still not completely understood. 
Cervico-ocular responses (COR), recorded in the absence of vision, with the 
head fixed in space during sinusoidal trunk movements of a seated subject, are 
h~ghly influenced by the perception of movements. These responses increase 
with the illusion that the head is moving, when the trunk is swinging sinusoidally 
(Doerr et al. 1982; Thoden et al. 1983). This indicates not only that this reflex 
system is modulated by a short reflex pathway via the vestibular nuclei to the 
oculomotor system (Anastasopoulos and Mergner 1982; Hikosaka and Maeda 
1973; Kasper and Thoden 1981), but also by long loop connections and cortical 
influences. 
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Moreover  it was hypothe t i sed  that  the average eye shifts and  large saccadic 

eye m o v e m e n t s  at the b e g i n n i n g  of an  active head m o v e m e n t  may depend  more  
on  cervical i npu t  t han  the nys tagmus  which is super imposed  on  these slow devia- 

t ions  (Doerr  et al. 1981). 

Pat ients  with chronic  bi lateral  l abyr in th ine  loss offer the possibil i ty to s tudy 
COR wi thou t  the c o n t a m i n a t i o n  by ves t ibular  inf luences .  It  m u s t  be recognized,  
however ,  that  the COR in this s i tua t ion may  be e n h a n c e d  for the compensa t i on  
of the absen t  ves t ibulo-ocular  reflex (VOR), as descr ibed in  acute an ima l  experi- 

m e n t s  (Dichgans  et al. 1973). 

Methods 

Five patients with complete bilateral loss of labyrinthine function for more than one year were 
studied (Table 1) and compared with five healthy subjects of comparable age, who were 
described in our previous study (Doerr et al. 1981). 

Horizontal eye movements were recorded using dc electro-oculography with the 
electrodes placed on the outer canthus of each eye. Loss of labyrinthine function was con- 
firmed by the absence of oculomotor reaction to bithermal caloric stimulation, rotation tests 
and absent optokinetic-after-nystagmus (Zee et al. 1976). In a second session COR during 
passive trunk movements (with the head stationary) and during active head movements were 
investigated. 

The head was fixed in a head holder, allowing movement in the horizontal plane, and 
angular positions were recorded by a potentiometer. With covered eyes, the patients sat on a 
chair (T6nnies) which could be rotated sinusoidally at frequencies of 0.05, 0.1 and 0.2 Hz and 
total amplitudes of 20, 40 and 60 ~ . Resulting maximum velocities ranged between 6.28 and 
75.39~ To achieve pendular active head movements within the same range of parameters, a 
rhythmic tactile stimulus, indicating frequency and amplitude was applied to the patients. A 
short practice was necessary before beginning the test. 

Thoden et al. (1983) have recently shown that the gain of COR can be modified by instruct- 
ing the subjects to imagine head or trunk movement. Accordingly during these experiments, 
the subjects were simply instructed to stare blankly ahead in the clark while performing mental 
arithmetic. They did not know the purpose of the experiment. 

During the COR recording the eyes were covered. We found no difference between COR 
with covered and closed eyes (Takemori and Suzuki 1971), with the exception that with closed 
eyes muscle artefacts were more prominent. 

For optokinetic stimulation a stripe pattern was projected on a large cylindrical screen in 
front of the patient. Stimulus velocities were 60 and 90~ to both sides for 10 s. Optokinetic- 
after-nystagmus was tested in the dark following optokinetic stimulation with 60~ for 1 min. 

The recorded eye movements were analysed by hand and related to trunk and head move- 
ments. Only fast eye movements with a velocity greater than 100~ were assumed to be sac- 
cades (Barnes and Forbat 1979). 

The following parameters were calculated: 

a) Total Saccadic Amplitudes. The saccadic amplitudes per period were summed and averaged 
over five cycles for right and left sided saccades. Since no significant directional pre- 
ponderance was found, mean values for left and right saccades were used for further evalua- 
tion. These mean values therefore represent the net saccadic activity for half a period of the 
sinusoidal stimulation. 

b) Gain of Nystagmus Slow Phase Velocity. It is defined as the maximum slow phase velocity 
versus maximum stimulus velocity. For its determination the fastest slow phase velocity 
found during the stimulus period was chosen and averaged over five periods of stimulation. 
The form of a single nystagmus in COR resembled a staircase pattern more than a usual saw- 
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Fig.IA, B. Optokinetic responses of five 
patients compared with those of five nor- 
mal subjects. Shown are the mean slow 
phase velocities (A) and mean total sac- 
cadic amplitude/s (B) at stimulus velocities 
of 60 ~ and 90~ (abscissa) for each pa- 
tient. Hatched area indicates mean values 
with standard deviations of five healthy 
subjects of comparable age 

tooth nystagmus. This is because both slow eye deviations and fast components ofnystagmus 
were directed parallel to the relative head movement i.e. opposite to the trunk movement 
(Barnes and Forbat 1979). 

c) Amplitude and Phase of Maximum Eye Deviation. The peak to peak amplitudes of the 
extreme eye positions reached during one cycle of stimulation were averaged over five periods 
and its relation to the stimulus position determined (phase). 

Results 

The clinical data of  the five patients are given in Table 1. All of  them had bilateral 
complete lesions for more  than one year. Their  gait disturbances where charac- 
teristically pronounced  in the dark. A spontaneous nystagmus was never  seen. 

Slow phase velocities of  optokinetic nystagmus at stimulus velocities of  60 
and 90~ were compared with mean  values of  five normal  subjects. Only at a 
stimulus velocity of  90~ were the slow phase velocities below normal  values in 
four of  the patients (Fig. 1). The  saccadic amplitudes, averaged/s were slightly 
diminished in these patients. One patient, however,  a deaf  mute  (G.E.), exhibited 
higher slow phase velocities and saccadic amplitudes than the control group. 
This patient did not  show constant differences in all the other tested parameters  
(Fig. 1). Optokinetic-after-nystagmus was absent in all patients. A typical COR 
and eye movements  during an active head turning are shown in Fig. 2. The 
characteristics of  these eye movements  are described below and compared to 
normal  subjects. 

Nystagmus Activity 

The total saccadic amplitudes of  passive COR were not significantly different 
f rom normal  subjects. Only at 0.05 Hz  (20 ~ and 60 ~ amplitude) were values 
slightly higher in the patients (Fig. 3). 
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Fig.ZA, B. Eye movements during trunk turning with the head fixed in space (A) and with 
active head movements (B), Lower traces represent the horizontal EOG upper traces the trunk 
movement (A) and head movement (B) 
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Fig. 3. Total saccadic amplitudes 
for half a period averaged over 
five periods with standard devia- 
tions during COR (black symbols) 
and active head movement (open 
symbols) in patients with bilateral 
labyrinthine loss (O) or in nor- 
mal subjects ([]). Hatched area 
indicates the difference between 
healthy subjects and patients 

2 0  ~ 40  o 6 0  o 

During active head movements the total saccadic activity increased most for the 
amplitude of 60 ~ , where the values were almost twice as high as during passive 
neck stimulation. But patients never reached the very high values ofnormals. In 
addition, total saccadic amplitudes during active head movements increased with 
increasing stimulus amplitude more clearly in normals than in patients (Fig. 3). 

The different gains of  nystagmus (maximum slow phase velocity/maximum 
stimulus velocity) for different modes of stimulation in comparison to normals 
resemble the differences found in total saccadic amplitudes, with the exception 
that in patients higher values for active head movements were only found at 
0.05 Hz and 20 ~ to 40 ~ of stimulation (Fig. 4). The gain of the cervically induced 
nystagmus is above 0.2 at 0.05 Hz. 
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Fig. 4. Gain of nystagmus (maximum 
slow phase velocity/maximum stimulus 
velocity). Symbols as in Fig. 3 
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Fig, 5. Gain of overall eye devia- 
tions with respect to stimulus 
amplitude (mean values with 
standard deviation) in healthy 
and labyrinthless subjects. Sym- 
bols as in Fig. 3 

Amplitudes and Phases of Maximum Eye Deviations 

The deviations of  eye position in passive COR of  patients with destroyed 
labyrinths are not  significantly above normal values (Fig. 5). During active head 
movements  they are generally not  higher than during COR with the exception of 
0.1 and 0.2 Hz at 20 ~ amplitude. Normals show higher values at 40 ~ and 60 ~ but the 
differences are not  so clear as in total saccadic amplitudes (Fig. 5). 

The eye deviations are roughly in phase with the relative head position against 
the turning trunk. But as ment ioned earlier (Leopold et al. 1982; Thoden  et al. 
1983) in some cases the eye shifts compensate for the direction of head move- 
ment  (Fig. 6) as they do in the VOR. 
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Fig. 6A, B. Distribution of maxi- 
mum amplitudes of gaze shifts 
with relation to stimulus posi- 
tion. Averaged values for each 
patient during active head move- 
ments (A) and COR (B) 
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Discussion 

Under our test conditions, chronic loss of labyrinthine function results in a defect 
of eye movements during active head turning. Passive cervical reflexes, tested by 
body torsion vdth the head held stationary in space, do not compensate for the 
defect. Accordingly the phases of eye shifts are not altered as compared with 
normals and show mainly the cervical pattern with the eye shift towards the direc- 
tion of the relative head movement (against trunk torsion = anticompensatory 
movement). 

In passive COR there are no significant differences between normal subjects 
and patients with complete bilateral loss of labyrinthine function. This 
unchanged passive COR is in accordance with the data from the literature. One of 
the two patients with total canal paresis tested by Barnes (1979) showed no 
measurable COR gain and the other showed a normal response. Also, Kasai and 
Zee (1978) demonstrated COR gains of a comparable low range in three patients 
and Atkin and Bender (1968) reported that the observed ocular stabilization 
responses were "only- weakly dependent- i f  at all--upon proprioceptive feedback 
from the neck". Only one patient of the three described by Gresty et al. (1977) 
showed good compensatory vertical eye movements after a passive downward 
movement of the head with high frequencies up to 5 Hz, but under the same test 
conditions, also anticompensatory eye movements as mostly seen in our 
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patients. These findings in humans are in contrast to the results in labyrinth- 
ectomized monkeys (Dichgans et al. 1973) which showed an increase in the neck 
ocular loop during passive head rotation. Besides possible differences due to the 
species and the duration of labyrinthine loss, the experimental situation may 
determine the degree of reflex activation and thus explain the controversial 
findings. 

Compared to the passive COR during active head movements, total saccadic 
amplitudes and shifts of eye positions are also enhanced in the patients, but never 
reach normal values. Smaller differences between the gain of eye shifts in healthy 
persons and patients with bilateral labyrinthine lesions have been found by 
Takahashi et al. (1981), who used higher stimulus frequencies (0.33-1Hz). The 
high number of saccades and eye shifts in healthy subjects during active head 
movements are due to an interaction between cervical and vestibular inputs and 
additional central activating mechanisms for those systems (Thoden et al. 1983). 
According to our data, there is a considerable amount of central vestibular activa- 
tion during active head movements. 

As discussed first by Frenzel (1928) and demonstrated recently (Barlow and 
Freedman 1980; Leopold et al. 1982; Takemori and Suzuki 1971; Thoden et al. 
1983) the eye deviations of COR are mostly anticompensatory and lead the 
intended head movement. In contrast, some authors (Meiry 1971; Kasai and Zee 
1978) found only eye shifts compensatory for the relative head movement during 
passive COR. This compensatory oculomotor behaviour has been observed only 
exceptionally in healthy volunteers (Thoden et al. 1983), patients with Hunting- 
ton's Chorea (Leopold et al. 1982) and with bilateral labyrinthine loss. 

During active head movements the eyes deviate always in the direction of the 
head motion. In this situation the VOR influences the saccadic activity more than 
the eye shifts, the latter being more controlled by the cervical input. 

The gain ofnystagmus slow phase velocity usually used as a parameter for the 
efficacy of compensatory eye movements, is critically influenced by the direction 
and magnitude of the overall eye deviations. A nystagmus gain of unity would 
allow fLxation of an object fixed in space during head movement, whereas a gain 
around zero would support following of a target moving with a velocity, which is 
matched by the head turning. 

Our results do not show a compensation for bilateral labyrinthine defect by 
neck to eye reflexes. A visual compensation may be possible. One of the three 
patients described by Gresty et al. (1977) and one of ours showed better opto- 
kinetic responses than normals; both patients suffered from loss of labyrinthine 
function since childhood. Our second deaf mute patient, on the contrary, showed 
a slight impairment of optokinetic nystagmus at 90~ Since there is a consider- 
able disturbance of visual-vestibular interaction (Barnes 1979; Collewijn 1981; 
Uemura et al. 1981) and optokinetic nystagmus and after-nystagmus (Collewijn 
1981; Zee et al. 1976) a compensation by visual mechanisms should be an excep- 
tion. A compensation by changed central programmes for eye-head movements 
as shown by Dichgans et al. (1973) and Kasai and Zee (1978) cannot be ruled out 
on the basis of our data. Moreover a possible compensation for labyrinthine loss 
in higher frequencies of head motion could not be tested, because of the limits of 
our equipment. 
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