View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by CommonKnowledge

Pacific University

CommonKnowledge
College of Optometry Theses, Dissertations and Capstone Projects

2-8-1980

The effects of magnification on nystagmus and visual acuity

John A. Smith
Pacific University

Kirk R. Kluegel
Pacific University

Recommended Citation

Smith, John A. and Kluegel, Kirk R., "The effects of magnification on nystagmus and visual acuity" (1980).
College of Optometry. 126.

https://commons.pacificu.edu/opt/126

This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu.


https://core.ac.uk/display/212798992?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://commons.pacificu.edu/
https://commons.pacificu.edu/opt
https://commons.pacificu.edu/etds
https://commons.pacificu.edu/opt/126?utm_source=commons.pacificu.edu%2Fopt%2F126&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:CommonKnowledge@pacificu.edu

The effects of magnification on nystagmus and visual acuity

Abstract
The effects of magnification on nystagmus and visual acuity

Degree Type
Thesis

Degree Name
Master of Science in Vision Science

Committee Chair
William Ludlam

Subject Categories
Optometry

This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/126


https://commons.pacificu.edu/opt/126

Copyright and terms of use

If you have downloaded this document directly from the web or from CommonKnowledge, see
the “Rights” section on the previous page for the terms of use.

If you have received this document through an interlibrary loan/document delivery service, the
following terms of use apply:

Copyright in this work is held by the author(s). You may download or print any portion of this
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.).
Except for personal or fair use, you or your borrowing library may not reproduce, remix,
republish, post, transmit, or distribute this document, or any portion thereof, without the
permission of the copyright owner. [Note: If this document is licensed under a Creative
Commons license (see “Rights” on the previous page) which allows broader usage rights, your
use is governed by the terms of that license.]

Inquiries regarding further use of these materials should be addressed to: CommonKnowledge
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209.
Email inquiries may be directed to:.copyright@pacificu.edu


mailto:copyright@pacificu.edu

Theses . )
o /7‘.
5}% n‘/b

l
|
i

THE EFFECTS OF MAGNIFICATION ON
NYSTAGMUS AND VISUAL ACUITY

by

John A. Smith
and
Kirk R. Kluegel

Submitted to:
William Ludlam, O. D.
Pacific University College of Optometry
February 8, 1980




THE EFFECTS OF MAGNIFICATION ON
NYSTAGMUS AND VISUAL ACUITY

Wil Lt 0[5

n_.,*ﬂr“ta«-— /‘( Xéwcf‘f(

ik R Mgl



Acknovledgements

The authors wish to acknowledge and thank the following people for
their assistance in this study. Special thankﬁ.are extended to Dr. William
Imdlam, for.hisrole as chief faculty advisor £or the project., Others deserving
credit for their ef{forts include: Dr. Robert Yolton for his help in the
refinement of thé methodology, Dr. John Boyer for his assi;tance in the obtain~
ment of subjects, and Betty Rea for her help with the instrumentation. Without

the efforts of these people, this study would not have been possible.




Introduction

Nystagmus iz detined as an involuntary, rhythmie oscillation of the eyes,
It can be divided into £w§ major categories, pendular and jerk. PFPendular
- rystagmus is characterized by approximately equal meovements in both magnitude
and velocity in each direction. Pendular has been further'categorized as
pure, asymwetiic, or pendular with a correeting saccade} Jerk nystagmué
consists of a élow-pursuit phaze followed by a rapid saccadic phase. The |
nystagmus is.named for the direction of the fast phase., Jerk nystagmué cén
be further classified into two basic subtypes, unidirectional and hidirectionalol
It is not uncommém to find a mixture of the two types dependent on the direcw
tion of paze. |

Gay, Newman, Keltner and Strouds'?_c]assification sysfem of nystagmus
includes physioiogical, sensory deprivation, and motor imbalance nystagmus.:

Physiological nystagmus includes endpoint, optokinetic, and vestibular.

Ocular glbinism, achromatopsia, blindness, Iatent oculomotor_and miner's ' -

nystagmus ave all considered sensory deprivation types. The final category

of motbr imbalance nystagmus_includes volqntary, paretic and gongenitﬁl

oystagms. -
All efficient visual systems are characterized by_some“degree of |

physiological nystagmus. However, if the magnitude of this nyslagmus is

excessive, it leads 1o a dqcrement in performance.3 The usual symptoms

.include'decreased:visual qcuity, a coametic disturbance, and in the case of

a}binism and achromatopsia an increased photophohia..4 The reduced visual

acuity is the greatest deterrent of normul function. It is this decreased

visual acuity that this study wishes to investigate repariless of the



classification or etiology of the nystagmus.

© There have been numerous strategies presented in the literature which
attempt to combat this problem. Regardless of the technique used, the goal
'is to increasze visual acuity by dampening the nystagmus.2 The various
treatments include surgery, prism therapy, after-image treatment, red lens,
contact lenses, occlusion combinedwith cycloplegics, barbiturates and magni-
fication,

Many of these stratqgies ytilize the fact that a neutral point or null
region exists in meny nygtagmus patients., It is within this null region that
the nystagmus is decreased in amplitude and frequency resulting in +the
attainment of maximun visual ecuity. Untreated patients often discover and
utilize this region with a head tilt or a preferred direction of gaze. It
is the intent of: these techniques to place the eyes in this null region
without the cosmetically displeasing head tilt.

| Surgical techniques were introduced by two in&epandent puthors,
Kestenbaum5 and Anderson6 in 1953, The objecti;e of surgical treatment is
to relocate the éyes so that the patients null point coincides with the
straight aherd position. This goal is acheivéd by éimultanequsLy resecting
and recessing the horizontal recti musclés in order to move the eyes away
ﬂffom the nystagmus quiet zone or in the direction of the head tilt.7

Kestenbaum attempted to imitate the pétients head turn by surgical
techniques., Therefofe when the patient attempted to turn his eyes to the

null point it would result in the eyes being turned to the primary position.5

Anderson theorized that the slow phase muscles were too strong compared to
the fast phase muscles. He thereforu.receésed thé strong muscleé to restore
equilibrium of the four horizontal mué;c].es.6 In 1954,_Go£08 reported
électromyogrnﬁhic results performed on pati;nts with jerk nystagmus. His'

results showed that the muscles responsibie for the jerk phase ghowed less
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muscle tone.' His surgical téchnique involvgd_the resection of.these "weak"
muscles.,

Although the theories of Kestenbaum, ‘nderson and Goto are not in
agreement the and_results of their surgical procedures are identical,

The reported results of surgical procedures are varying. Andérson6
and Gotu8 reported improvements in virual acuity and head turn in thair
patients. Cooper and Edward9 reported seven cases of surgical treatment of

" nystagmus. A4)1 seven cases showed.improvement in head tilt. However, of
the fourteen eyes only two showed improvement in visual acuity. Parks7
utilized a modified Kestenbaum technique on ten patients. Nine of ten
thowed a significant improvement in head tilt, no evidence of surgicslly
induced strabismus and fairly normal versions. However, no post operative
‘visual acuities were reported.

In addltlon {0 the dasmpening effect observed with a preferred angle of
gaze, & reduction of the nystagmus movement hqs been nqted_yith increased L
convergence . .Prism glasseé or priaﬁs qompine& with minus lenses can be
prescribed to produce necessary eye varsiqng and vergences to'rgduce_the
nystagms and eliminate habitusl head tilts. Prism glasses consist of R

.gevqrnl.types. Base ocut prisms befd;e both eyes may‘bé used to stimulate
convergence. Prisms of equal amplitude and base direction are utilized to
create a pure versional movement. Prisms of equal base direction and.unequal
aﬁplitude.m@y be used to.broduce both a version and vergenée wovement.
This flnal effect may also be &ccompllshed through the use of prlsms com-

bined. w1th minus lenses.;o 111,12 ‘ 7 o !

{ ' !
Metzger utilized this program of treatwent as early as 1938. More
recently, Dell'Osso, with the use of electro—oculog:aphy and the infrared eye

movement recdrdgr, was ahle to record the precise angle of gaze in which the

nystagmus amplitude of the iwo eyes was equal and minimized.l3 Dell'Osso's
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patients reported fewer headaches, prenter working distance, improved visuel

- acuity, aud less ocular fatigue upon administration of prism glasses. The

transition teriod needed for adjustment from unaided vision to the prism
glasses was eventually reduced to one second.
. 0thers reporting success in this area include Sternberg—Raab}4 Goddé~

J011§¥5 and Leonagdi and'Li#cheti%6 |
| Treatment of congenital nystagmus utilizing afterimages was demonstrated
by Cﬁbpm§ in Germany as early as 1958, Professor Hans Goldwan of Bern,
Switzerland perfected the procedure in 1967. _Therese Stohler, whe worked
with Professor Goldman, was responsible for introducing this method of treat-
meﬂt in the United States.lo

The procedure is as follows. The patient is given anrafterimgge with
an electronic flash similar to a euthyscope. Next, he is made avare of the .
movement of the afteriﬁnge by observation of a blinking light projected on
a white screen. Normally, the congenital nystagmus patient is unaware of
movements in the environment and so the afterimage helps him appreciate his
ey'e,movements.2 Once this phenomenon has occﬁrred, the patient's task is
to find the head position which most_dampens tﬂe nystagmus. .Upon conpletion
of tﬁis stage;.the patienﬁ friea to dampen the nystagmus.while maintaining
his héad and eyﬁs in the primar:y_position.l7

Stohler reports the following results with six pgtiénts. Four of the
six showed a decrease in the number of movementg per minute while.two dige
played an increase in the number of movements. All six exhibited an improve-
ment qf 1-4 lines of Yisual.acuity. Fihally, four of.£he six claimed'subjactive
imprqvement in visual.activities.17 _No_expianation has been given for the
unexpected findings of the two patients exhibiting both an‘increase_in

nystagmus and improvement of visual acuity.

At Emory University, Stegall reported a red lens therapy used on patients
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exhibiting stra._bismic amﬁlyopi@ combined with latent nystagmus. The noh—-
emblyopic eye was occluded and a narrow band red trnnsmi&éion filter was placed
over the eye wilh the latent nystagmus.

The results have included a decroase in amplitude and frequency of the
nystagmus and an increase in visual acuity.lo The theory involved in this
procedure maintains that light passing through the filter stimulates mainly
the cone populated areas. Flynn and Dell‘’QOsso belie&e the nystagmus moevement
travels fromlthe fovea to the periphery and back to the fovea with a maximum
velocity in the periphery and decreasing as it returns to the fovea possibly
stopping momentarily at the fovea.lo This abovq model coﬁld exnlain the
effectiveness of thé red lens therapy. |

. The application of.cqnt@ct lenaes to ﬁystagmus patients hes produced
mixed rea_ults.:.-‘.J-° A.  Holanda Dé Freitas et. al.ls‘report 8ix cases of cone.
génitnl.ﬁystagmus.which resul ted in_a reduction of‘the amplitude of nystagmus
uﬁoﬁ fitting of contact lenses. These resulﬁﬁ vere confirmed by ENG recordings.
Jf,Séaunlg describe tvo cases of high m&épia cdmﬁined with.nystagmus in which

vision wes improved with contact léenses. However, the effect on the nystagmus

~ was minimal and possibly adverse.

Although earlier studies contraindicate occlusion therapy in the treat-
ment of létent nystagmus, Windsﬁr,-Burian anﬁ Milojevic%o in 1968,.achieved
positive fesuits when occlusioﬁ:ﬁés.combinéd Qith 1% qu%Opentolﬁte. Yisual
acuity showéd imﬁroveﬁént.gnd a réductinn in nystagmus occqrred. Calcuit and
Crook, in-1972, experienéed similar results_when combining occlusion with
1% atxopine.;o |

~ Barbiturates have been used‘fof'the t:eatm;nt of nystagmﬁa with vérying

results. Intravenous injeétion of barbiturates mey induce nystagms yet when

the nystagmus is due to brain stem disense, similar treatment ﬁay dampen the -

nystagmus.?¥
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It has been reported by Roéenberg and Wérner4 that perhaps the most
satisfactory control of the patient exhibiting nystagmus is the use of low
vision aids. They indicate that there are three possible interaction effects
between nystagmus, visunl acuity and magnification. These three interactions

ares

1. Magnification may improve visual acuity in the presence of
nystagmus.

2. Magnification may have no effect om visual acuity in the
presence of nystagmus.

3. Magnification may reduce visual acuity in the presence of
nystagmus.

All three of the results can be witnessed in one patient depending on the
‘amount of magnification used.

" Rosenberg and Werner theorize that if the viéual acuity improves with
megnification fhe low viéion is primary and the nystagmus is due to poor
fikation abilities. In these cases the increased acuity results in decreased
movement vhich in tuwrn increases £h9 ViSual acuity further to result in a
supaetproportional gein,
| On the other hand, if the nystagmus is primary thsn»the ﬁystagmus-ié
magnifieé by the device and the visual acuity remains ihe same or is decreased.

It is this interrelationship between the amplitude of nystagmus, visual

acuity and magnification that this study investigateé.




Subjects

Four females and one male ranging in age from sixtcen to fifty two years
participated in this study. They consisted of: +two students and a teacher
from the Washington State School for the Blind, a lady from Portland c;ntacted
throughrthe Low Vision Clinic in Portland, and a lady from Astoria, Oregon con-
tacfed through the Low Vision Clinic in Forest Grove. In 8ll cases, the type
of nystagmus exhibited was pendular and each subject had experienced the condi-
tion since birth. The various etiologiés included: albinism, congenital
cataracts, and éptic atrophy., One of the subjects had previous experience with

telescopic aids and another had been previously fit with contact lenses in an

effort to dampen the nystagmus and imprbve visual acuity.




Procedure

The effects of magnification on visual ecuity performance of low vision
patients with nystagmus was observed through a series of afocal magnifiers.
" Imitial acuities were taken with the subjects best correction in place in the

preferred direction of gaze at a distance of ten feet. This was done to

evaluate the subject's performance level under typical environmental conditions.

Acuities were taken under standard room illumination utilizing the Feinbloom

Distance Acuity Chart. Habitual acuities were memsured and recorded for both
eyes, Acuities through each of the magnifiers were measured for only the eye
demonstrating the best hebitual acuity. In the latter instance the eye not

being measured was left uncccluded. The mapnifiers consisted of the following

afocal telescopes: 1,3X, 1.75X, 2.2X, 2.5X, 3.0%, 4.0X, 6.0X, and 8.0X. Acuities

vere recorded in both Snellem notetion and in minutes of arc, The following
criteria was utilized in determining acuity level. If one half or more of a
line was achieved, credit was given for the'entire line. 1f less than one half
of -a line was achieved, no credit was given for that line and the previous line
was recorded.

To evaluate the effect of magnification on nystagmus, eye movements were
measured utilizing electro-pysfzmography (ENG). It was done h@bitually and
through each.of the ﬁagnifiers-on only_ﬁhe eye demqnstrating the best habitual
acuity. Again, both eyes remained open throughout the te#ting proéess- The
fixation target consisted of a 20/30 iiliteratg "E" located one metef from the
subject. A +1.00D reading cap was placed in front of the magnifiers in an
effort to offset the stimulus to accommodation reaﬁlting from target proximity.

Nystagmus amplitudes for each of the magnifiers were averaged and recorded
in degrees of arc. In order to ma#e the proper transformation from millimeters

of amplitude. as indicated on the paper recorder to degrees of arc, a calibration




was required prior to testing for each individusl. This was needed due to
variability in electrode placement, electrical potential differences and
individual fixation characteristics. The calibration targets consisted of two

red lights 4mm in diameter placed 8lem apart alternately flashing at one

second intervals. The subject was instructed to fixate the flashing lights
and his/her eye movements were recorded, A degree/millimeter calibration
could then be derived by comparing the linear eye movements recorded to the
angular subitense of the targets.

Uhfortunateiy, electronystagmography was only performed on three of the.
five subjects. While testing the thfee people from the Washington St#te School
for the Blind, an equipmént malfunction occurred. This plus the limited
availability of these subjects, accounts for the fact tgat electronystagmographic

data was only obtained for one of them.




Results

The results are tabulated in Table I ard Figures I-VI. For each subject,
expected visual acuity achieved through each of the magnifiers is compared to
the actual measured visual acuit&. The ratio of these two findings denotes
supraproportional gain, if any, that has occurred. Supraproportional gains
ranged from 1.5 to 0.8. Two of the five subjects achieved supraproportional
gains, The other three achieved linear gains to slightly less than expected
increases in visual acuity. Subject 0. J. achieved excepticnal gains with 1.3X

Wil THE
and 1.75X, slightly higher than linear gains with 2.2X, 2.5X, 4.0X, and"3.0X
and 6.0X dis»layed linear gains in visual acuity. Subject 3. H. showed slightly
higher than linear gains with 1.3X, 1.75X, 2.2X, 2.5X, linear gains with the
3.0X and 4.0X and slightly less than linear gain with the 6.0X. Subject J. B.
showed linear gains with 1.75X, 2.5X, and 4.0X and less than linear with the
2.2X. J. B. expressed difficulty in utilizing the magnifiers which resulted
in no measured visual acuity with the 1.3X and 6.0X magnifiers. Subject D. H.
showed less than linear gains for all magnifiers except 2.5X which gave him a
slightly better than linear gain. Svbject D. E. had a slightly less than linear
gain with 1.3X, 2.2X, 2.5X. She had linear gains with 4.0X and 6.0X and slightly
greater than linear gains with the 1.75X. These patterns can be observed in
Figures I-V.

The three subjects on which the ENGs were run all showed decreases in
nystagmus amplitude with all the magnifiers as compared to the habitual. 0. J.
showed a rapid decrease in amplitude with the 1.3X and 1.75X and a slight
decrease until a minimum was reached at 3.0X. A slight increase in amplitude
wvas measured with 4.0X, 6.0X and 8.0X as compared to the rinimum. B. H.
experienced two instances where a rapid decrease was noted — at 1.3X and 3.0X

with a minimum at 3.0X. J. B. showed a rapid decrease with the 1.3X and a




minimum amplitude with the 1.75X. The patterns of these amplitudes are illustrated

in Figure VI. |




Table I.

AN
(=4

-

J.B. .B.H, D.E.
Age 16 16 32
Habitual Visual Acnity :
oD T70.0" 10.0! 12.0!
0S 10.0! 8.0 16.0'
ouU 10.0! 8.0 10.0!
Habitual Nystagmus
Amplitude 4,99 — —
Expected VA 4.6 3.1 TT! 6.2! 9,2!
1.3 Achieved VA 3.0°! 2.5 s 8.9 10.0!
. VA Gain 1.5 1.2 S 0.8 0.9
Nystagmus Amp. 4,6° 2,6° 3,37 —— ——
Expected VA .4 2.3 5.7 4.6' 6.8'
1,75% Achieved VA 2,5 2.0' 6.0' 6.0' 6.0'
' VA Gain 1.4 1,2 1.0 0.8 1.1
Nystagmus Amp. 3,3° 2,2° 2.9° - —
Expected VA 2,7 1.8 4,5' 3.6' 5.4'
09X Achieved VA 2.5 1.67°' 6.0' 4,0' 6,07
° VA Gain 1.1 1.1 0.8 0.9 0.9
Nyst&mus Amp. 3.3 2.4 3.3 — ——
Expected VA 2.4 1.6! 4.0' 3.2 4.8
3.5X Achieved VA 2.0 1.5 4,0¢ 3.0° 6.0"
° VA Gain 1.2 C 1.1 1.0 1.1 0.8
Nystagmus Amp. 3.20 2,o° 3,40 ——— —
Expeoted VA 2.0! 1.3 3.3 2.7! 4.0
3.0x  Achieved VA 2.0' 1.25° R — E—
* VA Gain 1.0 1.0 — — .
Nystagmus Amp.  2.9° 1,2° — — —
Expected VA 1.5¢ 1.0¢ 2,5 2.0 3.0f
4,05  Achieved VA 1,37 1.0 2.51 2.5¢ 3.0'
’ VA Gain 1.2 1.0, 1.0, 0.8 1.0
Nystagmus Amp. 3.6° 1.5 3.3 — A
Expected VA 1.0° 0.67* 1.67°* 1.33¢ 2.0!
6.0X Achieved VA 1.0 0,751 e 1.5 2.0
° YA Gain 1-00 0»90 — 0.9 1.0 .
Nystapmus Amp. 3.5 1.5 — —— —
Expected VA 0.75' — S —— e
Achieved VA — —— Rt pad i
80X v\ Gain — — - — —

Nystagmus Amp.

i
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TH scussion

The reauits of this study indicate that a minimal ambiitude of nysiagmus
does not necessarily corfelatm with the beat visual acﬁity achieved or eveﬁ
the greastest increase in visual acuity. However, in ¢ach instance where
;mplitudes were fecurded, it was observed that the greatest gain in acuity was
accompanied by a large dampening of the nystagmus amplitude. The greatest
amount of supraproportional gain.for all df the subjgcts was achieved with
‘magnifiers of 2.5X or less. Thus, tﬁe use of sdcﬁ an aid as a contact lens
telescope might prove quite beneficial to such patients. Also, it was shown.thaﬁ
a subject's_ability to achieve supraproportional gains in scuity cannot be
determined with one magnifier. The cause of these differential responses io
various magnifiers within one subject can only be speculated. It could
possibiy be due to the difficulty involved in using the magnifiers of higher
powers, Also, it may be the result of only measuringAéna series of acuities
with each patient. Tuture longitudinal studiés could answer whether such
results are reliable or'mgrely artifactual. Regardless of such results, in
a clinical situation several d;fferent magnifiers should be used'ip the low
vision evaluation of nysiagius patients.

In this stud&, it was found_that age was not a limiting factor in achieving

: suprapr0pqrtional gains in acuity as the most dramaiic increﬁseé were obtained

by the oldest subjécto Similarly,rthe duration of the hysfqgmus did not impair
a'sﬁbject's éhances of achieviné a supraproportipnql gein inrﬁcuity. Fiﬁ&llyp
it should be noted the greatest inerease wasraéhievéd by the only subjec{ with
provious magnifiar_experience.

_UnfoftunnteLy, the size of thﬁ& sample is quité small and it would be unfaix
to extrapolate'these rasults to the entirerpopulation. Hdwever, since the gain
in visual acuity for one of_tye subjects was so dramatic, it is felt this area

of research should be investigated further.
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