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FIG. 5. Three-dimensional eye position versus time of 59's 
OD (top), including the Listing torsion component (REL T) 
calculated from the horizontal and vertical data using the 
equation given in the Methods section. A comparison of the 
Listing torsion (multiplied by a factor of 1 0) and the mea
sured congenital nystagmus torsion (bottom). Horizontal, 
torsional, and Listing torsion shown in solid, vertical, and is 
shown dashed lines. Oat-dashed lines in the time plots indi
cate the extent of the fovea. BE, both eyes; R(L)EH, right 
(left) eye horizontal; R(L)ET, right (left) eye torsional; fs, 
foveating saccade; and bs, braking saccade. 

it can be seen that the direction of the measured congenital 
nystagmus torsion is opposite to that predicted by Listing 
torsion and that the individual cycle-to-cycle waveforms do 
not coincide. Also, the extremely small, predicted Listing 
torsion ( :s0.03 degrees) reflects the predominantly hori
zontal nature of the congenital nystagmus and is much less 
than that predicted for presumed tertiary motion (see later 
discussion; Figs. 8 and 9). 

Figure 6 shows the three-dimensional recordings of 
S 12, whose nystagmus consisted of a complex combination 
of a 4 Hz congenital nystagmus (pseudocycloid waveform) 
and a 1 Hz seesaw nystagmus (pendular waveform). As the 
two top graphs show, during this interval of right-eye fixa
tion, the slower seesaw nystagmus was superimposed on 
the higher frequency horizontal congenital nystagmus. The 
as was both esotropic and hypotropic, as can more easily 
be seen in the scanpaths at the lower left. The scanpaths 
(horizontal versus vertical motion) of both eyes also show 
that the slow vertical motion of the two eyes is superim
posed on the rapid horizontal motion. In Figure 6 (lower 
right), conjugacy plots of the congenital nystagmus and the 
seesaw nystagmus in S12's two eyes (aD versus aS) dem
onstrate the horizontal and torsional conjugacy (positive
slope diagonal trajectories indicate O-degree phase dif
ference) and the vertical disconjugacy (negative-slope 
diagonal trajectories indicate 180-degree phase difference). 
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The conjugacy plots also show the esotropic and hypotropic 
position of the as and the fixation of the aD. 

Target Foveation and Acuity 
The NAFX values (8) for SI through S6 (the patients 

with only congenital nystagmus and no symptoms) were 
calculated and compared with recalculations that included 
the retinal motion due to the actual, measured torsional 
component of the congenital nystagmus (not the predicted 
listing torsion). The original NAFX values for all wave
forms exhibited by these six patien!� �anged from 0.804 to 
0.065 (corresponding to predicted visual acuities ranging 
between 20/20- and 20/685-, respectively). When the reti
nal-image-motion effects of the torsional components were 
included, the recalculated NAFX values differed by per
centages ranging from 0.002% to 0.098% (median, 
0.015%), representing a median percentage change in pre
dicted acuity of 0.02%. 

Listing Torsion 
We plotted the relative amounts of the torsional com

ponents of each subject's congenital nystagmus and com
pared them to that predicted by Listing torsion with the 
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FIG. 6. Three-dimensional eye position versus time of 51 2's 
left (top left) and right (top right) eyes. Nystagmus scan
paths (bottom left) of 51 2's horizontal and vertical oscil
lations caused by the combination of congenital nystagmus 
and seesaw nystagmus showing the diagonal nature of the 
resulting motion. In the conjugacy plots (bottom right), 
the relative phases of the motion of both eyes in each plane 
are shown. In the time and conjugacy plots, vertical motion 
is shown as a dashed line (as is the LE motion in the scan
path), and in the top right panel, RET was shifted 1 5  de
grees clockwise for clarity. BE, both eyes; R(L)EH, right (left) 
eye horizontal; R(L)ET, right (left) eye torsional; fs, foveating 
saccade; and bs, braking saccade. 

© 2002 Lippincott Williams & Wilkins 



eN AND TORSION 

worst-case presumption that the congenital nystagmus was 
diagonal. From Figure 7, it can be seen that there is a wide 
variation in the relative percentages of the torsional compo
nents of the congenital nystagmus across subjects and 
across waveforms; the relative percentages are idiosyn
cratic and vary from 8.l6% to 94.42% (median, 32.94%). In 
S4, who exhibited two different torsional waveforms (both 
of which differed from the horizontal), the two percentages 
were 32.74% (Prs) and 61.01% (pseudocycloid). In Sll, the 
three percentages were 18.03 % (Prs)' 29. 52% Uerk
pseudocycloid), and 55.08% (pseudocycloid). Both sub
jects showed large waveform-dependent differences. 

In Figure 8, the measured congenital nystagmus and 
torsional amplitudes are plotted for each subject and, for 
comparison, the predicted, theoretical Listing torsion for 
tertiary motion. In all cases, the measured torsion exceeded 
the predicted Listing torsion. The amounts by which actual 
measured torsion exceeded Listing torsion are shown more 
clearly in Figure 9, where the percentages of torsional to 
horizontal amplitude are plotted against congenital nystag
mus amplitudes for each subject and the comparative List
ing percentages are also shown. 

In S5, we measured the torsional components at 
four secondary (±15 degrees horizontal and ±15 degrees 
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FIG. 7. A plot showing the average percentage of the total 
congenital nystagmus magnitude that the torsional com
ponent represents. Each subject's congenital nystagmus 
waveforms are shown and, for 54 and 511, the differing 
torsional waveforms are also indicated. In this and Figures 8 
and 9, the symbols indicate the horizontal congenital nys
tagmus waveform: circle, pendular; diamond, pendular 
with foveating saccades; square, pseudopendular with fo
veating saccades; +, jerk with extended foveation; up
triangle, jerk; and down-triangle, pseudocycloid. As indi
cated in this Figure and Figure 9, the percentage of 513's 
seesaw nystagmus is plotted at 0.33 of its calculated value. 
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FIG. 8. The average absolute amplitudes of the torsional 
components are plotted versus the congenital nystagmus 
amplitude for each subject along with the predicted Listing 
torsion for tertiary motion. As indicated, the amplitude of 
513's seesaw nystagmus is plotted at 0.5 of its measured 
value. 

vertical) and four tertiary (±15 degrees horizontal and ver
tical) positions. The torsional components for all positions 
are shown in Table 2. Both the measured values and the 
percentages they represented were lower in three of the four 
secondary positions and in three of the four tertiary posi
tions than in the primary/central position. 
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FIG. 9. The average percentages of congenital nystagmus 
amplitude of the torsional components plotted versus the 
congenital nystagmus amplitudes for each subject; the per
centages of predicted Listing torsion for tertiary motion are 
also shown. 
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TABLE 2. Torsional nystagmus in secondary and tertiary 
positions for subject 5 

Vertical 
Horizontal position 

position -ISO 0° +ISo 

+ISo 6.63° = 90.3% 6.06° = 114.6% S.ISo = 104.8% 
0° 4.30° = 82.1 % 6.02° = 94.4% 4.1So = 90.3% 

-ISo S.S2° = 87.4% 3.78° = 69.8% 2.76° = 9l.6% 

Although all eye positions were measured from primary/central posi
tion, which may or may not correspond exactly to Listing primary position 
for this subject, the secondary and tertiary positions used place them well 
within the equivalent Listing regions (secondary and tertiary). 

DISCUSSION 

Clinical Diagnosis 
The existence of a torsional component to congenital 

nystagmus was originally suggested by an observation 
made by one of the authors of this study (LFD, who has 
congenital nystagmus). While he was sitting in a car and 
not attending to a visual task, the horizontal outline of 
the top of the dashboard (in his lower visual field) occasion
ally appeared to be rocking in a torsional manner. This tor
sional oscillopsia disappeared immediately when the sub
ject (S 1) fixated any object in front of him. Studies of S 1 's 
congenital nystagmus disclosed that there was no vertical 
component, and the congenital nystagmus was considered 
to be a uniplanar, "horizontal" oscillation. However, the 
occasional torsional oscillopsia suggested that, at least un
der some conditions, a torsional component might be
come manifest. 

In 1986, using a torsional search coil, we documented 
a significant torsional component in S 1 's congenital nys
tagmus waveform (15). Thus, despite the absence of a ver
tical component, the "uniplanar" congenital nystagmus os
cillation was actually both horizontal and torsional. It is sig
nificant that this individual's congenital nystagmus is the 
most extensively documented in the literature (10-13 ,16-
26) and has been examined clinically over the past 40 years 
by many of the most astute observers of ocular motor oscil
lations. Despite such scrutiny, the torsional component of 
S l' s congenital nystagmus had been consistently missed. 
Part of the difficulty may be due to the phase-locked nature 
of the oscillations in the two planes. As our recordings dem
onstrated, there is a significant torsional component in most 
cases of "horizontal" congenital nystagmus, with average 
percentages ranging from 13.91 to 94.42% of the congenital 
nystagmus amplitude. Thus, although pure horizontal con
genital nystagmus may exist (as, perhaps, in S6), it appears 
to be much less common than horizontal-torsional congen
ital nystagmus. 
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Visual Acuity 
We compared the best-corrected visual acuities of SI 

through S6 predicted by NAFX values calculated using 
only the horizontal component of the congenital nystagmus 
with those calculated after inclusion of the torsional com
ponent. Our data confirmed the hypothesis that the pre
dicted visual acuity of individuals with well-developed fo
veation is only minimally affected by torsional components 
of the congenital nystagmus (S2's percent NAFX change 
of 0.002% is equivalent to a 0.003% change in predicted 
visual acuity). The median chan&.

e in the NAFX values 
of 0.0 15% corresponds to a change In predicted visual acu
ity that is well below the accuracy with which acuity can 
be measured. Thus, even for patients with significant tor
sional components of congenital nystagmus and lacking 
well-developed foveation, predicted visual acuity was vir
tually unaffected. 

Torsional Mechanism 
There are several possible mechanisms that might be 

responsible for the torsional component of "horizontal" 
congenital nystagmus. The two most probable are (1) a re
flection of the Listing torsion seen in all tertiary positions of 
gaze, and (2) a centrally generated instability in the tor
sional control system (sites mediating torsional eye move
ments). It has been demonstrated that torsion is induced 
during horizontal rotations of the eye that begin from a po
sition other than the Listing primary position (which is id
iosyncratic in direction and size and extremely variable) 
(7,27). The amount of Listing torsion is approximately 0% 
to 30% for 0 to 30 degrees of diagonal rotation. 

Our data were taken as the subjects fixated on targets 
in primary/central position (as it is commonly defined clini
cally) and, for some subjects, in various secondary and ter
tiary positions. Primary/central position may differ by sev
eral degrees from what is defined as the Listing primary 
position. Thus, congenital nystagmus of amplitudes rang
ing from 1 to 20 degrees peak-to-peak might be expected to 
induce torsional components of 0.01 to 4 degrees peak-to
peak, respectively, depending on the amount of difference 
between primary/central position and an individual's List
ing primary position. If they are due to Listing torsion, we 
should expect that for large vertical gaze angles, the tor
sional components for the same horizontal congenital nys
tagmus should be larger than those in primary/central posi
tion, the latter being closer to the Listing primary position. 

We found that the average torsional components of 
congenital nystagmus measured in primary/central position 
fell in the range of 8.16% to 94.42%. In fact, for S5, indi
vidual percentages greater than 100% (e.g., 125.1 %) were 
measured. These average percentages, which varied from 
13.91% to 94.42% in 11 of 13 subjects, were far greater 
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than those predicted by Listing torsion for the respective 
congenital nystagmus motions (0.69-11.83%; median, 
4.91 %). Even in the close cases of S6, S9, and for one of 
Sl1 's three waveforms, all values were greater than the 
measured Listing torsion for temporal-quadrant motion 
(equal to the predicted theoretical Listing torsion) and equal 
to that of measured nasal-quadrant motion. Because the 
congenital nystagmus motion for S9 was temporal (Table 1) 
and the measured congenital nystagmus torsion far ex
ceeded the actual predicted Listing torsion (Fig. 5), only 
the torsion measured for S6 and one of three waveforms of 
S 11 could be caused solely by Listing torsion in this worst
case calculation. However, the measured congenital nys
tagmus torsion for S6 also far exceeded (by a factor of 
21.5) the predicted Listing torsion (based on the actual hori
zontal and vertical components). As in the data of Figure 7, 
waveform did not determine percentage differences be
tween measured and predicted torsion across subjects. 
Owing to their magnitudes, the torsional components of 
S 13 's seesaw nystagmus were plotted at 0.33 (Figs. 7 and 9) 
or 0.5 (Fig. 8) of their actual values (264.02% and 18.26 
degrees, respectively). 

Furthermore, the data in Table 2 show that the tor
sional components of the congenital nystagmus (in patient 
S5) measured at secondary and tertiary gaze angles were 
not greater than those measured in primary/central position; 
in fact, in six of the eight positions, they were lower. A 
simple offset bias of the true Listing primary position would 
not yield such a map of torsional amplitudes. These data 
reflect the dependence of congenital nystagmus amplitude 
on eye position (nystagmus greater in upward or rightward 
gaze). They do not support the hypothesis that the torsional 
components of congenital nystagmus are due to Listing 
torsion. Finally, in S4 and S 11, the torsional components of 
the congenital nystagmus had different waveforms than 
the horizontal components. This suggests independent in
stabilities and does not support either the Listing-torsion 
hypothesis or a simple mechanical crosstalk in the ex
traocular plant. 

We also considered the possibility that our measure 
of primary/central position differed from Listing primary 
position by several degrees. The latter position is known to 
be variable, and its mean values have been found to be 6.9 
degrees in the horizontal plane and 0.7 degrees in the ver
tical plane (7). Given the idiosyncratic nature of Listing pri
mary position, one should expect that the individual varia
tions of our subjects would be randomly distributed in both 
amplitudes and directions; they were not. Using the data of 
S9 in Figure 5 as an example, the torsional congenital nys
tagmus component exceeded by a factor of 37.2 that pre
dicted by Listing torsion and it was in the wrong direction. 
Recalculating the Listing torsion for presumed ±6.9-degree 
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errors in the position of either horizontal or vertical Listing 
primary position yielded amplitude difference factors 
ranging from 2.8 to 62.5, with the direction remaining in
correct in three of the four comparisons. Again, using our 
worst-case approach and shifting the points for all subjects 
rightward by 6.9 degrees in Figure 9 (i. e. , toward the Listing 
torsion curve), only the data from two additional subjects 
would come close to Listing torsion (for nasal quadrants 
only), S2 and S8. The data from S2 and S8 would still re
main greater than Listing torsion, and the data from the re
maining eight subjects would contin1,le to far exceed Listing 
torsion. Even for this worst-case pre�uillption of mislocal
ization of Listing primary position, 10 of the 13 subjects' 
torsion could not be attributed to Listing torsion (S4 and 
SII had different waveforms, S9's torsion was in the wrong 
direction, and S5's torsion did not vary as Listing torsion in 
different gaze positions). 

Taken together, the different horizontal and torsional 
waveforms that could simultaneously be exhibited in some 
patients, the higher torsional amplitudes in primary versus 
tertiary positions, the absence of a difference between pre
dominantly horizontal and diagonal congenital nystagmus, 
the instances in which the amplitudes of the torsional com
ponents exceeded those of the horizontal components, and 
the higher than predicted percentages represented by the 
torsional components support the hypothesis that, in many 
cases, torsional congenital nystagmus is caused by instabil
ity of torsional control. Further study of this suggestion, in
cluding the identification of Listing primary position in 
congenital nystagmus subjects using search-coil systems 
that use three separate field coils, is warranted. 
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