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The history of the elucidation of ocular counterrolling (OCR) is an interesting 
one. Although discovered two centuries ago, OCR has remained a contro- 
versial issue, even in our days. The main reason for this, is that rolling move- 
ments of the eyes about the line of sight are not easily detected or measured. 
OCR can be static, i.e. about 5 degrees counterrolling of the eyes which 
partly compensates for tilting of the head with respect to gravity, or it can 
be dynamic, that is to say a rotatory optokinetic and vestibular nystagmus. 
The rolling movement of the eyes about the line of sight can be seen when 
tilting the head of another person towards one of his shoulders. Close inspec- 
tion of the conjunctival vessels reveals the jerking movements of the quick 
phase of the rotatory nystagmus. 

This is what John Hunter must have seen some two hundred years ago, as 
he described dynamic OCR in 'The use of the oblique muscles', in a book 
called 'Observations on certain parts of the animal oeconomy' (1786). His 
analysis was well ahead of time, for he not only appreciated the role of the 
oblique muscles in executing these eye movements, but inferred as well, that 
these rolling eye movements are necessary for maintaining vision while tilting 
the head (Nagel, 1871). To maintain vision, the eyes must be kept immobile 
with respect to the surroundings or object that is seen. This is obvious for 
horizontal and vertical eye movements, but it goes for rolling eye movements 
too .  

Apart from having difficulty in observing OCR, the investigators of the 
nineteenth century initially confused dynamic and static OCR. A third 
obstacle was the confusion of rolling eye movements with pseudotorsion. 
Hueck described rotatory nystagmus in 1838 (Skrebitzky, 1871; Woinow, 
1871), but assumed erroneously that OCR compensated for tilting the head 
up to 28 degrees head-tilt, after which the quick phase of the rotatory 
nystagmus took place. Donders investigated these claims and denied the 
existence of OCR completely. How could a genius like Donders be led astray? 

Firstly, he looked for the 28 degrees that Rueck had supposedly found. 
Secondly, he tried to see his own OCR by looking into a mirror attached to a 
bite-board that he held between his teeth (Nagel, 1871). It is not possible to 



184 

see the jerking movements of your own eyes, however, as vision is suppressed 
during the quick, jerking phase of the nystagmus. Thirdly, Donders had just 
devised a law, which yon Helmholtz had called Donders' law, that described 
pseudotorsion. Now pseudotorsion is a subject hard to understand. Pseudo- 
torsion results from describing an eye position by a horizontal and vertical 
angle, and from describing eye positions on a plane instead of on a globe. 
Globe geometry is hard to visualize and hence, to simplify matters, a plane is 
used. The capricious nature of globe geometry can be illustrated by the fol- 
flowing example. We wish to describe the eye position 30 degrees right, 30 
degrees up. Astonishingly, it makes a lot of difference, whether we first turn 
30 degrees right and then 30 degrees up, or first 30 degrees up and then 30 
degrees right. Moreover, both mathematical constructions confer a certain 
amount of pseudotorsion, i.e. a pseudo rolling eye movement, of opposite 
direction in either way. To circumvent this complication, one can use pole 
coordinates to describe globe geometry, but that system has disadvantages of 
its own. Fick (1854, 1858) and Donders described eye positions by naming 
the horizontal angle first, while yon Helmholtz described eye positions by 
naming the vertical angle first (Nagel, 1871). 

One can imagine the confusion that existed in those days and this con- 
fusion forms the background against which Donders' discrediting of Rueck 
must be seen. It took another authority, Javal (1866), to re-establish the 
existence of OCR. He noticed that on head-tilt, the axis of astigmatism of his 
eyes no longer coincided with the axis of astigmatism of his glasses. Skrebitzky 
was the guest of Donders in 1869, and Donders, doubting the view he had 
expressed earlier, asked him to reinvestigate the matter. Skrebitzky (1871) 
used after-images to measure OCR, which method had been described by 
Ruete in 1846 (Fisher, 1927). He found 5�89 degrees static OCR on a 45-degree 
head-tilt. Then Mulder, an assistant of Donders, was asked to study the 
matter and in 1875 a lengthy treatise on dynamic and static OCRappeared, 
together with a short article by Donders (1875), containing a description of 
Donders' law and a revocation of his earlier view on OCR. 

By then however, Nagel had already firmly established the existence of 
static OCR (1871). He made use of his astigmatism, looking at a pattern of 
360 radial lines, mounted on a bite-board. The article that Nagel wrote, giving 
the history of OCR and his findings, seems unsurpassed in clarity and 
brilliance. It is certainly amazing, that thirty years before the description of 
the head-tilt test by Hofmann and Bielschowsky in 1900, Nagel predicted the 
feasibility of such a diagnostic test that relied on OCR. He said: 'Ft~r die 
feinere Diagnostik der Augenmuskell~hmungen wird die Prtifung der bei 
seitlicher Kopfneigung auftretenden Raddrehung eine willkommene 
Unterstiitzung und Vervollst~indigung sein und namentlich bei den der 
Analyse zuweilen grosse Schwierigkeiten bietenden kombinirten Augen- 
muskell~hmungen wird sich vermutlich jene leicht auszuftthrende Prtifung als 
nt~tzlich erweisen. Ist einer der die Raddrehung vermittelnden Muskeln 
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funktionsunfahig, so wird an Stelle derselben eine leichte Ablenkung und ein 
st6rendes Doppeltsehen eintreten mtissen. Die Doppelbilder werden gegen- 
einander gedreht erscheinen, zugleich wird ein leichter Seiten- und H6hen- 
abstand statthaben, da dem zweiten bei der Raddrehung betheiligten Muskel 
das Gegengewicht fehlt, welches die Wirkung auf die Richtung der Blicklinie 
annulieren sollte. Wahrscheinlich wird die Bewegungsst6mng auch gross genug 
sein, um objectiv erkennbar zu sein.' 

Mulder (1888, 1897) consequently used perimetry of the blind spot to 
measure OCR. Barany (1906) measured OCR objectively with a biomicro- 
scope using iris-contours as landmarks. In OCR-measurements, it is important 
to discern between objective and subjective methods. A subjective method, 
like the use of after-images, utilizes subjective localisation, i.e. the subjective 
perception of place in vision. This localisation is dependent upon cerebral 
circuitry, and as sensory adaptations to cyclodeviations are possible (Guyton 
and yon Noorden, 1978), these data must always be interpreted with care. 

Delage (1903) made use of his myopia and astigmatism. The light of a 
small distant lamp defocused on his retina in the shape of an ellipse. He used 
the long axis of the ellipse to indicate the rotatory position of the eye. He 
had himself strapped to a rotating board and turned 360 degrees. Fisher 
(1927) used a large box in which the person as a whole, or just the head, 
could be tilted. Walton (1948) used subjective and objective methods in 
assessing the axis of astigmatism. Miller et al. (1962, 1970, 1971)introduced 
photography of the eye, using iris-contours as landmarks. Howard and Evans 
(1962, 1964) combined photography of the eye with the bite-board method, 
that was actually first used by yon Helmholz, with episcleral venes as land- 
marks. This has, beyond doubt, remained the most accurate technique since. 
Watanabe et al. (1978) used ink-marks at the limbus as reference-points. 
Petrov and Zenkin (1973) and Galoyan et al. (1976, 1977) used a suction 
contactlens fitted with a lamp. Jampel (1981) took slitlamp-pictures of the 
eye after calibration of the position of the slit, in reference to a piece of 
tape fixed to the skin under the eye. Curiously, he denied the existence of 
OCR. 

Kanzaki (1975, 1978) and Inatomi et al. (1978) introduced infra-red 
fundus photography and video-imaging. The most promising recent develop- 
ment seems to be computer-analysis of video-images, which will enable 
OCR to be continuously monitored (Diamond et al., 1982; Hatamian and 
Anderson, 1983). Another method for continuous registration is the use of 
a contactlens fitted with a search coil in a magnetic field, which method was 
devised by Robinson. The lay-out of the coil in the contactlens is altered to 
the effect that torsion can be measured (Collewijn, personal communi- 
cation). 

Normal values of OCR are somewhat scarce, as large numbers of healthy 
subjects have rarely been examined. The most reliable data seem to come 
from the investigation of Nelson and Cope (1971). They used a photography 
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method, using iris-contours as landmarks, and a steel frame over the head 
with a bite-board and supports on the skull and in the meati externi. They 
found 5.64 +- 2.57 degrees on 50 degrees body-tilt (n = 110; 35 right eyes, 20 
left eyes, measured both ways). Evidently, there is a considerable inter- 
personal variance. The difference between yoke eyes in total OCR, in the 
study of Nelson and Cope, averaged 2.51 -+ 2.28 degrees, which is a great 
difference. A third variance occurs in consecutive measurements in one eye of 
a single person. Diamond et al. (1982) found 1�89 degree spread in a series of 
60 photographs taken in 10 minutes. Interestingly, these small rotatory eye 
movements were not recognizable to the photographer as saccades or nystag- 
mus jerks. Continuous computer-analysis of video-images should bring the 
answer here. 

In considering these variances, it must be borne in mind, that the inner- 
rational input of eye muscles has a considerable plasticy. For rotatory eye 
movements, this principle was emphasized by the demonstration of volun- 
tary torsion by Balliet and Nakayama (1978). Their subjects could perform 
torsional saccades up to ten degrees either way, at will, after thirty hours of 
training with after-images. This concept of plasticy is also applicable to the 
issue of whether postural neck-reflexes take part in effecting OCR or not. 
Nagel (1871), Mulder (1875), Kompagnejetz (1925), Colenbrander (1964) 
and Nelson and Cope (1971) all found no difference between head- and 
body-tilt. Hard evidence is however, that monkeys, after bilateral labyrinth- 
ectomy, retain some 25% of the original OCR on head-tilt (Krejcova e.a., 
1971). 

This conforms to the findings of Fisher (1927). As stated earlier, he used a 
box in which the subject as a whole, or just the head, could be tilted. He did 
a very interesting experiment by tilting the body 40 degrees, but leaving the 
head upright with respect to gravity. He found 1.4 to 2.4 degrees of OCR. To 
make it even more interesting, he then tilted body and head together 10 
degrees further, and found 0.6 to 1.6 degrees OCR the other way, clearly 
demonstrating the dominance of the otoliths over the postural neck-reflexes. 
In our opinion, Fisher's effort to add up otolith OCR and neck-reflex OCR to 
obtain head-tilt OCR, is just a slight shortcoming in his otherwise excellent 
work. It seems logical that innervational input from otolith- and neck-reflex 
are not additive but mainly complementary. 

Fisher did quite an amusing experiment to investigate whether the tension 
in the neck-muscles was of any significance. He had a tightly-fitted helmut 
made out of plaster, with hooks sticking out on either side. He said it was not 
easy to keep his head upright with 5 kilograms hanging on one side and we 
had better believe him. No counterroUing occurred. 

Apart from otolith and postural neck-reflex, even more may be at work. 
Miller et al. (1971) found about 1 degree OCR on body-tilt in 5 deaf subjects 
with defective labyrinths. He speculates about non-otolith gravireceptors. We 
might also think of optically induced eye torsion, optostatic counterrolling, 
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which may amount to one degree (Mesker, 1953; Crone and Everhard-Halm, 
1975). 

Another question that deserves mentioning is, which otolith is exciting or 
inhibiting OCR to which side? Blanks et al. (1978) measured the firing-rate 
of  bulbar, trochlear motoneurons in cats. The rate was proportional to the 
head-tilt. The innervation was reciprocal with contralateral exciting and ipsi- 
lateral inhibiting otofith-projections. However, no consistent pattern of  
otolith-defects and related OCR abnormalities emerges from the investi- 
gations of  Barany (1906), Kompagnejetz (1925), Gollas (1936), Nelson and 
Cope (1971) and Diamond et al. (1982). All agree that OCR is diminished 
with otolith-defects, especially on head-tilt toward the affected side, but 
measuring OCR as a diagnostic tool in vestibular disease seems unwarranted. 

Electromyographical evidence of the otolith-reflex was given by Scott 
(1967). Alterations in muscle activity occurred in all four vertically acting 
muscles. Woellner and Graybiel (1959), Colenbrander (1964) and Young 
et al. (1981) have measured OCR in persons subjected to abnormal amounts 
of  gravitational acceleration, either by using a centrifuge or in an aeroplane 
in parabolic flight. In Colenbrander's subject the OCR on 40 degrees tilt 
increased from 18 to 26 degrees (total), when the gravitational acceleration 
was increased from 1 G to 2 G. 

Finally, the experiments in which linear acceleration was used, deserve 
mentioning. Linear acceleration bypasses the action of  the semicircular 
canals. By excluding the action of  the semicircular canals, it is possible to 
assess the gain and phase-lag of  the otolith-reflex, i.e. the reaction-time of  the 
reflex and the effectiveness of  the reflex at different levels of  reaction-time. 
Baarsma and Collewijn (1975) applied linear acceleration to rabbits. 
Lichtenberg et al. (1982) did similar experiments in humans. It was con- 
cluded that the otolith-reflex is a slow one. It might be supplementary to the 
fast semicircular-canal reflex at low frequencies. A similar supplementary role 
is surmised for the pursuit-system (Blanks et al., 1978; Robinson, 1981). 
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