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Treatment of amblyopia with the CAM vision stimulator: a review

Abstract

Recent reports on the CAM vision stimulator have generated great interest because of the effectiveness
and simplicity of this form of treatment for amblyopia. Results have shown rapid improvements in visual
acuity and contrast sensitivity without any adverse side effects. The efficacy of the CAM vision stimulator
was comparable to conventional occlusion. However, the contibution of grating stimulation to the gains in
vision were insignificant. The improvements were attributed to short term occlusion in association with
intensive use of the amblyopic eye.
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Hacent reporits on the CAM o vision stimalator have

pensrated great interest becauss of the etfectiveness and

simplicity of this form of treatment for amblyvopia. FResulis

have shown rapid improvensnts in visual asculty and contrast

The effi

Civity without any advers
the CAM vision stimulator was comparable to conventional

lusion. However, the contibution of grating stisulation to

the gains 1o wision were insignificant. The improvements were

attributed bto short bters cooclusion in assogiabtion with

intensive use of the amblvopio eve.




The managemnent of up a large part of the

working life of @sost vision care specialists. Amblvonia

B v

atfects between 1% and 5.5% of the ohildren i this counbtry

(13, It ds defined as reduced visual cudty not corrected by

atructural and

hive means and not attreibuted to

pathological anomalies (3).

Dy ung standing of anmblvopia has blossomed over the

ment has remnalned

Sy Yeb the tre

fow owver vears. Although new forms

atment by correction of

of therapy have been introduced, tre
the retractive error followed by occlusion therapy developed

the test of time.

At Fon in 17448 (&)

Fecent reports on & controversial new btreatment for
ambilvopia (V-9 have generated great interest because of the

probiem and the simplicity of the

magni tude of the clini

proposed treastment.

Occlusion therapy

1. Full time occlusion

wmion has

S RE

-
P

The efficacy of conventional full time

beern shown in children (10 as well as adults (11, &lthough

reductions in the original visual acuilty improvements have

aensral 1y

bean observed in follow-up studies, & patoh b

argl @as

conel dered

meathod of tre

ating sguint amblyopia® (12).

It has besen suggestsd by some that occlusion should be



total and continuous so long as the deviation remains

uniocul ar and so long any imprrovenent in the deviating eve

place. A positive attitude towards goclusion is

talk

tial bhroughout therspy iF it i to prove succsssful.

Howsvey , the speed wilth which the deviating eve improv

varises considerably. Frolonged ooolu

a pavehologically

and educationsally disruptive technigue and its failure rate

im high among ohildersn (13,

”y

~h ime ooolusion

it e have found perdt time occlusion in connsction with

active stimalation of the amblvopic eve sufficient.

o of the

Improvemsnt in vision 15 sore rapid i

stlitabhle for

daeviating ig stimalated by organizing

the age of e child such as plaving with tovs, watoching

televis

o oor constructing Jigsaw pussles (13,14, fAs an
alternative to total ooclusion, daily oocclusion of the

preterred eve for 20 minutes was recomnsnded while the

patient was given increasingly difficult visual

almost to the full extent

perform (F-9). The vision {mprovec
with this treatment. 3% of children improved thelr acuity to
FO40 or better in the asablvopic eye (638 to 2030 o
hetters., The results were aschieved in an average of 13 weeks.
Therapy was more acceptable to the child and the family and
there wers very few fallwes because they couwld not manage

the treatment (797,



CaM therapy

1. Phyveiclogical background

Recause of the

e

af the abbreviated oo

e careful consideration was given to what would he the

most effective stimuluas Ffor the visusl svstem during this

period of ococlusion. Recent experiments help us understand

i which the normal vi syvaten encodes and

analvzes the retinal (1% . They have demnonstrated that

the animal visual sysbey charnnels highly tuned for

gency and orientation (16-18). Himilar

Fravves swbed in the study of the human

visusl

If amblvopia is 8 disorder affecting

tem (1%,
the visual cortexs, perbaps the entire population of cortical
neuwrons involved in the development of amblyopia could be

activated and receilve optimal visual stimulation by

mbrated viswing of a rangse of high oonbr gratings of

continuously changing oei el

cve This shouwld then resullt in ioproved visual

(7=, 210,

2] emes of

1 owith the man

]

edperiments alor ement pr

eciusion therapy prospted Fo, Campbsll to develop & new

therapeutic technigue for amblyopia. A device was truched

oy owhioh sharo edged high contrast gratings were placed and

rotated mooupy all orientation positions. The high

contrast stimulus minimized the effects of reduced contras

ensitivity im the amblvopic eve and maximized cortical cell



stimulation. Gratings correspondsd to the spatial freguency
channels atfected and their rotation stimuddasted a large
thess

rnumber of ordientation channels. I+ stimuslation of

channel s ipproved thelir function then the therapy should have

£y

improved vision (33,

oy

2. HMethods
This new approach to therapy was tested on & wide

lection of amblvyvopic children. A1l patients had full ooular

examination including & ovocloplegic refraction and orthoptic

smerrtb . Ay refractive ercror owas fully coreected. The

vistal acwity was mesasured aocording to standsrd procedures.

Cortrast thresholds of the noraal and the amblvopic eve Yo

;63 o5

Tow, mediuam and high spatial freguesncy gratings were a

31 4 shed

with simplified clinical This pro BE

s smhould be used for treatment since some

what grating s

il ity for fine

¥

sitivity abnorm

ambxlvopes have & contr

mratings where: pthers have an abnormality for all size

gratings (23Y. If the asblvopic abrnormality was limited to

then only atial freguencies

orily medium to high freguencies

i bhis range 8 o 164 opd) were selected for tresatment and

|LUDE

mment. O bthe obhee band iF mad ity

gyl

<hended to include 1ow tial +reqguencie

med eoted initiallyv.

a low spatial Ffregusnoy (0.5 opdl was

Aiter therapy the contrast used along with

paml g visual performance (7%,

Lty messuwrements for &

Cyreatment

e of viewing an apparatus on o which any

e



one of a

iHi

AR e wave gratings

L24

having spatiszsl freguencies of 0.5, 1, 2, 4, # or 1& opd were

rotated slowly at 1 orpm underneath & oclear plastic cover. In

v i Lo

o ey we concentration on the stimalus b

plaved gamess or drew plictwes on the btransparent plate in

Front of the gratings wsing the amblyopic eve. If ible,

ated in

twey obid bohren

it wael For age and intellig WETE b

front of the apparatus as theyvy tended to concentrate belter

i sueh circunstances. The length of the btrestment was

standardized at seven minutes. Depending on bthe contrast

orled wmither the same grating was used during the sntirve

-5

o @ Finer grating wes introduacsd

sy i hed betweesn trestments. Treabtment

Mo ooolusion

was coneluded when thres oon ubive sessions showed no

improvements in viswal acwity. The orithoptic assessment was

Led at the end in order o determing bthe mnext

P e

the patient s care (7-%9).

He Fesults

preliminary f3 rested that this new form of

e and

therapy improved vision in b miachy

more completely than any current method. 48 out of 50

amblvopio ohidldeen showsd inproved ascuity of the amblvopico
5 by & & ¥

-

eve bobh for distance and for near, 73% achieving

S04 0 oF

R

(EY. Significant improvemenis w sined after only

severn minute treabtment s 5E S, 1 e number of

Lo

ments reguired to oproduce s maximal acuity varied

=
i~



“

considerably, however, the average being five sessions.
Contrast threshold measuwrements also improved for both low
arnd medium spatial freguencies. Patients with no previous
treatment for amblvopia ismproved marginally more Than those

previously treated (7. The regression in visual acuity afber

I

L e ) W

terminating treatment was at most one snellen line
Danpbel ]l and his colleagues wgsd others to further

anseas the effectivens of this new device— called the CHM

o OF & L ar riLmis af children and adults.

viwmion stimala

There have been many studies since. They ranged in scope from

case st sucies of single patients (24-28) to controlled studies

wElng & large number of subjects (2%-32). Most patisnts were
voung enblvopic ohildren but the device was studied in older

Ve Many investigators followed the

patients as well {7

imulation {7 but there were

recommended procedure for CAM s

variations (34). The freguency and nusber of treatment

constarnt; short term o long term btherapy

was carried out dailv. weekly or sonthly. Some patisnts
plaved geames dwring the sessiong (7)) while obthers simply

e and number of the

Yo The

fim at the rotating disc

distance ware obther variables.

o "% gone,
Y. Boame

alsn varied (31,7

i Fiocantly, obthers modestly and some not

patients loproved sig

at all. Improvemnent was rapid and dramastic at times

{9,538, 3%9) ., Large improvements io vision were reported atlter a

short ary Lmporr-tbant

addition to amblvyvopia therapy (40-42. Others found no



grificant imorovement following short ters or long term

§Eer

GAM stiswlation (23,47 and did not consider it a useful

& e

method of treatment (37).

#. Improvement acuity

Yigual acuities of amblveplc children are usually

oy

LA findings (30, They represent a non-static

[

variabtion (37, Contouwr inter:

-

=
-
i
o
oy
H

e
P
L]
wd
o

H

it
i
i

po)
3

3

auhibiited by amblvopes can complicate testing (51, Children

e &g remenber letter oharts and thedr

motivation, concentration and coopsration may vary (37).

Conventional Snellen charts are not sulted for testing of

acwity in such children Yo PN ddeal visual acuity chart

wouwld minimize memorization. The acuity levels would he

imcren level there would be

tad in egual amounts and at es
an equal nusber of test lgtters spaced equally apart - thus

minimizing the effects of contow interaction (52, The

multiple Landoll ring chart (32 and the Bailev-lLovie chart

adies ars mowaluable +or

wtilized in some
ambxlvopic acwuitiss. However, most investigstors

the limear Snellen

il &

ardingr single optobtvpes (4%9,53).

good results of therapy wsere confirmed by a

......
wt
m
3
ode
‘—I-
5.-

maimrity of the studiss thaet followsd (40,5447, Improvemsnt

to over 20% of the

patients (47,48 and showed substantial gains

aftter only a few therapy sessions (7,234,255, However, a



number of investigators reported little o no effects on

al acuity following CAM therapy (38,34,49). The

unpredictable nature of the effects of treatment were

reportaed by the original irnvestigstors (9 and others

The greatest degree of loprovement was in near vision
(35,40, 44,54, 55 and in linear acwities (43). There was no

Lo

viauwal acully improvems

v oand the type of

amblyvopia (29 o patient™s history of treatment

T}

Freviously oooluad

patients, however,

one to reach thely maximum visual acuity (443, & lack of

el ation we

to therapy and

though some found vounger children more
likely to dmprove with btrestment (45, Heterophoricoc patients

:

shiowad improvements more often than heterobtropes (368 and

patients with lowsr initial acuities showsed greater gains in

wimiaal acuity (29,

b Imorovements in contra senslbtivity

Ifmprovement of the contrast threshold following TAM

e

apbhed dn many patients (7,4

I A8, 5T, E5RY .

In some cases

the contrast sensitivity function improved in
the absences of gains in visual acwity indicating that wvision

cary dmprove for low and middle spatial freguenciss before

high freguencies (7 g s . A of the patients

whioo did not show any changes i acuity have shown

impprovennts in contrast sensitivity (58, Bnellen aculty is

concarnead with bhigh atial freguencies onlyvy it is not




indicative of all changes. A an alternative, soms
investigators have ussd sgores on bthe Arden gratings and

repoarted significant improvement (48). The therapy improves

visuwal Ffunction over bthe spatial freguency rangs of the

zation evern for a

et

gratinos wussed. Contrast sensitivity normall

e

tricted range of spatial fregusnciss is & valuable gain in

the visual ability of the amblyvopic eve (58).

with central

sation and

improved at different rates (7-%933 eccentric

o therapy by many

WERTEE LIIMEL 4 [aReinlig

Y. Yeit some have found no significant

investigators (45

difference in the response of the two groups {3

and others

substantial improvements in the visual aculty

rener e

of socentric fixators following therapy (443, The treatment

it

improved Fixzation occasionally (9,27).

of  dmprovement

Yarving amcounts of visusl aculty regression were

g treatment was completed

orce b

rwveod i many pet
(AL, E9-610, bult spontaneous improvemesnts afiter the completion

pf therapy were rarely reported (59,4610, Maximum vision

4% to BOY of the subjechts (F

dropped A0 &8 many
Fooe malntenance of the contrast sensitivity improvements

Fatients wilth nvestagmoid fixation

XU Rl i i

Jerks and those who sabhibited orowding or distortion were



more likely to show slippage Y.,61y. To retain the

seesament and therapy were

improvements in vision follow-up
recommendsd (5557,
atfec

&, Side

v

A dnditial concern with the CAM vision stimulator was
the possibility that & rapid improvement in vision would

induce intractable diplopia in a patient who had suppressed

) e Howewer, such a side

vimion in the amblvoplo sve (9,7

gffect was not reported in any of the studies

4, DAM ve ocolusion

rate for the UAM vision stimulator compared

Favorably with the conventional methods of occlusionl{?,40,¢

CAaM o was comparable o traditional

rabismic amblvor

aeolusion: in anisomebropic amblvopes it was more effective
CA21 . 0aM stimulation was useful where ocooclusion had +tailled

(44,48, 546y previously treated patients showed further

with

improvensnts following therapy (F1L.08M in conjuno

an aeven faster rate of visual

routing ooclusion prog

improvemesnt (367 . Some investigators, however, cor

ohoresults . ot for CAM stimulation but for the

sonens of ococlusion for short periods 1o association

et feot

with concentrated visual tasks (4

. The role of the gratbting

covhrolled studies were carvied out to determineg the

o
{
B

i1



contribution of the gratings in CaM therapy. The experimental
roups were exposed to rotating gratings while the contirol

groups observed bhomogenescus gray discs (29,314

o rotating
Black and white pictuwes (4%, Other controlled studies

atment

introduced & variation of CAM therapy where the tre

gronapn plaved video games with supsrisposed moving stripes on

the soreen while the control groun plaved games without the

ripes (30,317,

iperimental and control results were indistinuishable

cevey o wa A
{2551, B4, 4

el There was no difference in the rates of

response Lo treatment or in the tendency bto maintaln or

vision ance the treatment was completed (O ating

impsr o

stimadation did not contribute to the degres or the rate of
improvement (89,34, 39,45%,49) and it did not affect the

amer of  therapy (3510,

immeddiate or long ters oubd
Improvements in vision were atbtributed to other aspegsts

€ of the amblvopic eve

i

f therapy. They included intensive uss

and visuomotor activities

parforeing detailed wisual ta

and short term o Lo chaing the time reguired for testing

arnd trestment |

G, A3, Fatient attentiveness and

soperation may have isoproved (31,49,580) as well as the

s

enthusi asm of the patient and his therapist (39,49,

Furthermore, wvisual acuity changes could be oredited Lo none

specific improvements that occws with any btreatment (29 or

to the tral acowr duwring repeated acuity

5

shing (28,

ECRPNCIEN. S

12



Conclusiaons

Many new foarms of amblvopia treatment have been

[
i

introduced since the pioneering work by deBuffon (&Y. TAM

stimilation is similar to & fore of therapy introduced by

Arpeson in bthe UL S, during 19 s, Mis Yviswal gyvrabtions®

3 bBinooul e imulation, colored grating patterns and

clorkwise and counterclockwise rotation (65 . DAM

therapy gensrated mach more interest, however, since it

zulbhs din mindimum bime.

amed to prodoce maximum re

R,

Feported benefits of the UAM vislion stisulator were

T DS, It was and simple to adminieter (38,34 and

worked rapildly (7 99y . Therapy was more reacily

accepted and enjoved by the patient minimizing frustration

..... J—

and improving cooperabion (7,38, 38,84,. 59, Mone of the

sducational, psychological or social side sftects of

dusion were reported (F,28,38,3%) since the treatment

e

sions were far less traumatic than & patoh (84,59). It
aleo effective for patients who had failed to respond to

comventional ocolusion (39,4%

There we

function {15 3y to o attribute ioprovements in

short intensive stimalation of the spatial freguency and

cells in the wvi

o e cortex by the

tiomally

rotating gratings (7

V. HMowever, controlled studies have
found the contribution of the gratings to the results of

therapy insignificant. They support the claims for the

s good reason from resesroh on the normal visual



effectiveness of short term occlusion in condunction with

detailed visual tasks and visuallvy guided sobor acltivity

The physicological aspects of the treatment remain
conjectural and the esticlogy of amblvopia remains uncertaing

the fact that the mechanisms are not understood doess notb

detiract from the cbhservation that in many studiess visasld

aculity and oontra sensitivity have bheen improved within a

very short period of time (79, Undoubtedly amblyopic

children and their parents would be spared such distes

alterpatives to conventional coclusion could be developed.

Therafore amblvopia therapy in the form of short term
ooolusion in association with intensive use of the amblvopic

eve should be studied further along with othsr forms of

1t sBuch as penaliration, prism therapy, indirect

- H

coolusion, pleoptice and red lens therapy.

&
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