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Fig. 7. Saccadic eye movement nonlinear velocity-amplitude characteristic redrawn from Zuber, 
et al. 5 

o for original data points and 
A for patient's data points 

CLINICAL STUDIES AND TREATMENT 
Previous to our seeing the patient, he had been wearing the following 

spectacle correction: 
0.0.: + 2.00 D.S. := -2.50 D. C. axis 150 

a.s.: + 2.00 D.S. := -2.50 D. C. axis 15 

This represented a full astigmatic correction and provided a binocular 
visual acuity of approximately 20/40. There were no prisms ground in the 
lenses. The patient's symptoms were eye fatigue and frequent intense head­
aches. 

The pertinent clinical findings are as follows: 
Subjective a.D.: +1.50 D.S. -2.50 D. C. aXlS 150 20/30+ 

Refraction a.D.: 20/25-

a.s.: + 2.00 D.S. -2.75 D. C. aXlS 20 20/25-

The pendular nystagmus was grossly apparent. By external examina­
tion, the amplitude of the nystagmoid movements appeared to decrease witb 
convergence. In normal straigbt abead gaze, the patient habitually turned his 
head slightly to the right. 

Changes of nystagmus with direction of gaze were shown in the pre­
vious section. Nystagmus amplitude was considerably decreased by lateral gaze 
of about two degrees to the left (Fig. 6) a and by convergence (Fig. 2). Lenses 
in spectacle form were designed to produce minimum nystagmus by directing 
the eyes to these corresponding positions (Fig. 8). Fig. 8 shows how versional 
prisms. base to the rigbt, direct the eyes two degrees to the left to fixate a 

aRefercnce I had previously quantitated this clinical finding. See. for instance, Fig. 2.11, page 49. 
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right. Fig. 8 shows base out vergence prisms producing convergence of the 
straight ahead target. This corresponds to eliminating the head turn to the 

eyes to fixate a straight ahead target. These two prismatic effects were com­
bined in Fig. 8 (lower). Here the eyes converge a total of 16� and are rotated 

4� to the left (1.73� = one degree). These composite prisms were incorpo­

rated into the astigmatic correction in the spectacle lenses. To aid the conver­
gence necessary -1.00 D.S. were added to the spherical (hyperopic) correction. 
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Fig. 8. Schematic representation of version, vergence and composite prisms. 
Upper left: Version prisms-base to the right prisms which produce left version for straight 
ahead distant objects. 
Upper right: Vergence prisms-base out prisms which produce convergence for straight ahead 
distant objects. 
Lower: Composite prisms-base out and base to the right prisms which produce convergence 
and left version for straight ahead distant objects. 

The final prescription was: 
O.D.: + 0.50 D.S. ::: -2.50 D. C. aXIs 150 ::: I o� B.a. 

O.S.: + 1.00 D.S. ::: -2.75 D. C. aXIs 20::: 6� B.a. 
After two months of daily wear, the patient provided the following ob­

servations: 
I. "Within one-half hour, new visual cues learned and uneasiness and 

na usea subsided." 

2. "Vision very noticeably improved. I was able to see things which 

previously were not part of my perceived visual field (i.e., individual strands 

of hair on a person's head, TV scan lines, branches of trees and blades of grass), 
and while driving, I could read the license plates of other cars and road signs 

much more easily." 

3. HMy viewing distance for TV was increased due to the increase in 

visual acuity." 
4. "Within 1-3 days the transition period associated with removal of 
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glasses or putting them on was reduced to one second," 
5. "Eyes much less tired at day's end." 

6. "Headaches. which used to be common, drastically reduced in fre­
quency and intensity." 

The family tree of our patient is seen in Fig. 9 (lower). The children 
of the marriage of first cousins and their descendants are shown in detail. Only 

males are affected and these are descendants of half the daughters of the pre­

vious generation; this is characteristic of a sex-linked recessive . 

o UNAFFECTED FEMALE • AFFECTED MALE 
o UNAFFECTED MALE 

Fig. 9 . Upper: Nystagmus through four generations showing discontinuous inheritance with 
only males affected. Redrawn from Billings. 1942. 
Lower: Family tree of our patient showing the first occurrence of nystagmus in the grandsons 
of the marriage of first cousins. Note that in each case the occurrence in sons of daughters of 
the marriage of first cousins. 

DISCUSSION 

The use of the maximum velocity of an eye movement to derive an opera­

tional definition of a saccade seemed to us to be a useful route to follow. Sac­
cades can be defined by a number of their features. such as the intermittencyH. 7. 

the saccadic suppressionll• 12. 13 that accompanies them. and by their dynamical 
shape3, 4,14. This latter finding is the easiest to record and ascertain in the 

case of patients where extensive experiments may not be possible. 
Pendular nystagmus!" can be secondarily defined as nystagmus which 

does not have a saccade as a consistent and major feature of its dynamicsl". Ii, IR. 

even though saccades may exist ta some extent concurrently. Our patient is 

an example af this where the saccades seemed to occur with most of the nystag­

mus movements but had very little effect on the eye movement position since 

it was small and. indeed. hard to see on a display scale that showed any type 
of other movement. such as when the 

'
n ystagmus was superimposed on an eye­

tracking movement. 
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One of the main findings following our successful treatment of the patient 
was that his central vision was quite accurate. This enables us to conclude that 
defect in sensory vision is not the primary pathophysiological mechanism};;. 
We must therefore search into the central nervous system control mechanisms 
for the pathophysiological origin of the nystagmus before proceeding with 
our somewhat speculative attempt at this analysis. We would like to point 
out that with a long-standing difficulty. such as the pendular nystagmus in our 
adult subject. it is quite possible that many of the findings might be as a 
result of compensatory mechanisms rather than due to the basic defect. 

The control system for eye movements has at least three major features: 
the predictive mechanism. the ocular-motor dynamics. and the dual mode con­
troller. The predictive mechanism2 which enables a human subject. but not a 

monkey19. to predict target position in the case of simple target motion. such 
as triangular and sinusoidal oscillations. These responses do not appear to be 
basically interfered with in our patient. We have not tested this extensively; 
but for example. the subject seemed to predict repetitive square waves and 
started his regular pattern at times in synchrony with the regular target motion. 
Similarly. the ocular-motor or plant dynamics seemed to be within the nor­
mal range. His smooth-pursuit movements could reach reasonably high veloci­
ties. certainly within normal limits. Most important. as mentioned above. his 
saccadic movements. although small. infrequent and often strikingly absent. 
when they occurred seemed to have dynamics that fell within the normal range5 
as shown in Fig. 7. This would indicate that the pattern of activation. force 
generation. apparent internal viscosity (force-velocity relation). agonist-anta­
gonist. reciprocal innervation. passive orbital and muscular loading were all 
normaP. The possibility of decreased force generation. or of a consistent in­
creased elasticity cannot. of course. be completely ruled out as contributing to 
the pathology. but seems less likely to us at the present time. especially ::;ince 
smooth-pursuit movements were so well performed as in Fig. 3. 

We. therefore. would tend to put the pathogenetic processes at some point 
within the dual mode controller1il which is generating the control signals for 
saccades. If this were pathological. we would then expect to find as we did 
that saccades were frequently absent on tracking squarewave target motions. 
and when saccades occurred. they would be small and incomplete. 

The more active use of the smooth-pursuit mode might develop as a 

compensatory mechanism. This increased reliance on pursuit movement might 

in turn produce defects secondary to compensatory action. For example. if 
the gain of the pursuit system were turned up. instability might arise and make 
its appearance in the form of pendular nystagmus. The increased pursuit move­
ments might sometimes even be more effective than in the normal subject. such 
as when tracking fairly rapid ramp targets as shown in Fig. 3. However.1gain 
we would like to emphasize that the increased pursuit movement may not be 

the primary defect. but may be compensatory to the absence and attenuation 
of saccades. 

The effect of both direction of gaze and the amount of vergence on the 
amplitude of the nystag_mus would tend to support the idea that an abnormal­
ly �ctive pursuit movement system could be related to the present nystagmus 
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findings, suggesting that the abnormality is located in the dual mode control 

signal generator with a deficit of sacca des and a compensatory increase in 

pursuit movements. However, it is difficult to distinguish between a basic 

defect and a compensatory movement in this adult patient. 

3. The amplitude of nystagmus showed depends on angle of gaze and 

amount of vergence. Prisms were prescribed to minimize the amplitude of the 

nystagmus. 

4. The subjective results were excellent and thus indicated that a visual 

defect was not the primary one. 
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