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

1982

A comparison between clinical and laboratory measurements of
accommodative-convergence

James Dean
Pacific University

Michael K. Matsunami
Pacific University

Recommended Citation

Dean, James and Matsunami, Michael K., "A comparison between clinical and laboratory measurements
of accommaodative-convergence" (1982). College of Optometry. 613.
https://commons.pacificu.edu/opt/613

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/212800439?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/613?utm_source=commons.pacificu.edu%2Fopt%2F613&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:CommonKnowledge@pacificu.edu

A comparison between clinical and laboratory measurements of
accommodative-convergence

Abstract

Differences between accommodative-convergence ratios as determined by the gradient (delta phoria/
delta sphere) method and the phoria (delta phoria/delta diopters) method are studied in order to
investigate the validity and reliability of these tests clinically. Comparisons of these two methods were
performed using the Badal optometer/haploscope (laboratory method), and an American Optical
phoropter (clinical method), in order to establish the correlation between As and Ar measurements when
determining the accommodat.i veconvergence ratio. The results of this study show that the coefficient of
correlation for ACA values obtained between clinical and laboratory methods is low, indicating a
significant discrepancy between the two methods. It was concluded that measurement of ACA is
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Abstract

Differenées between accommodative—convérgence ;atios as deter-
-mineq by ;he gradient (delta phoria/delta‘sphere)'method and ?hé
pﬁoria tdelta phoria/delta diopters) method are studied in order'fo
investigate the validity and reliability éf these-tésts cliniéally.A
Comparisons of these two methods were performed using the Badal
| optometer/haploscope (laboratory method), and an American Oﬁtical'
phoropter (ciinical method), in order to establiéh the correiation '
between As-and AL measuréments when determining the accommpdétivéJI
convergence ratio. The results of this study show that the coeffi-
cient of correlation for ACA values obtained between clinical énd
laboratory methods is low, indicating a significgnt discrepancy
between the two methods. It was concluded that measurement of ACA
is dependent upon maﬁy factors, rgndefing valid and teliablé measure-
ment difficult over time. Recommendations for appropriate ACA
measurement include cognizance of the complexity and=variabi1i£y of
‘thg ACA relationship, as well as maintaining consistency pf”and

between test methods.
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INTRODUCTION

Visual efficiency at nearpoint tasks is highly dependent upon -
the ability of the eyes to converge and accommodaté efficiehtly. In
cases where either one of these systems is in poor relafion to the
other,ivisual efficiency -drops off markedly thereby giving rise to
symptoms éf asthenopia and nearpoint stress. The relationship bef;
ween accommodation and canvergence therefore, is indeed impdrtant
for those individuals involved in extensive neafpoint tasks.’

As ciinicians then, part of our task during a routine visual
‘exam is to search and prescribe therapy for thosé patients exhibit-
ing poor binocular coordination at near. Where tests show an abnéf-
mally high accommbdative-convergence relationship, one typically
correlatés déta derived from currently accepted clinical teéts.

It is generally assumed by the clinician that the resuité of these
tests are valid and reliable, such that one can prescribe appro-
priate lens therapy for the patient's poor accommodative-convergence °
relationship. One must keep in mind however, thét'cﬁrrenf élinical'
methodé of measuring the'accommodative—convérgence ratio ate ﬁased
upon accommodative stimulus units, which often do not truly repre-
sent the péfiént's accommodative response. Therefore, an erfbﬁeoqé.
determination of the accommodative-convergence fatio may Bebmade,
resulting in inappropriate lens therapy and patient dissatisfactionf

We havg therefore designed this study to qupare resﬁltS'of

certain clinical tests used in ascertaining the accommodative=-

-1-
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convergence ratio, to data found using tests measuring accommodative
response.r A statistical analysis of this data will allow us to
determine_if‘there is a correlation between the two methods.

"In order fo understand the behavior of accommodativefconver—
gence, we must first give some consideration to its rélation to
its other components. Althoughvthe following is a simplified
scheme of convergence, one must keep in mind that the relationship
is iﬁdee&, complex, particularly when‘higher cortical levels are
involved. The relationship is therefore subject to variability and
nonlinearity, depending upon such neural factors as mood, fatigue,
etc.

In his description of convergence, Maddox2 classifiéd conver=-
gence as ¢onsisting of essentiélly four component parﬁs, namely:
1. Tonic convergence
2. .Fusional éonvergence
3. Accommodative-convergence
4. Proximal (psychic) convergence

Briefly, tonic convergence describes the amount of convergence that

is active due to the physiological tonus of the extrédcular‘muscles.
It exists indepeﬁdently of accommodation and copvefgence due to a
fusion stimulus. Therefore, measurement of the tonic coﬁvergence
component would involve inhibition of accommodation, maintéining a
constant awareness.ofbnearness, énd elimination of ali fusional cues.
Since tonic‘convefgence is the only component of cénﬁergénée leftr'
aftef all other factors are eliminated, it is maiﬁtained that the
level of tonic convergence inherent in the sensorimotor behavior of
the individual yields the phoria value. An excessive'amountbof

tonic convergence yields esophoria. Likewise, insufficient tonic




convergence yields exophoria.

The fusional convergence component is the amount of convergence

requir;d to‘fuse the lines of sight of the two eyes upon the object
of regard when brought from far to near, over and above the level of
tonic convergence that is active, and independent of accommodation.
It folloWs, therefore, that where tonic conQergencé.is ekcessive
giving rise to esophofia (designated positive»pﬁoria), fusional
convergence must compensate by diverging (negative convergence) of
‘the eyes.' In exophoria, fusional convergence is ﬁositive,viﬁ order

to'converge the eyes appropriately upon the fusion stimulus.

The accommodatiﬁe—convegggpce component is held to bé'the.most
significant in producing asthenopic symptoms in'patiénts experiencing
neérpoiﬁt stress when the relatibnship,is abnormally high. If one
eye is‘OCCIuEed and the other eye fixated along the primary visual
axis, as accommodation 1is stimulated; the occluded eye has been
showﬁ to tufﬁ accordingly.3 Thug, for every unit of accommodation,
there is a corresponding amount of convergence ﬁhat‘follows; This
is expressed as the ACA ratio - the change inifhe'amoupt of conver-
gence divided by the associatea_accOmmpdative effopt. When each
unit of accommodation stimulates an excessive amOunt'of.convergénce
(as in the case with an abnormally high ACA.ratip), esophoria (or
tropia) results, giving rise to nearpoint astheﬁopia, Various
norms have been established over the years regarding mean ACA 
ratios in fhe population. The‘currently used norm'for the ACA
ratio has been most'frequently quoted as Being appfoximately
4 prism/1.00 dioptér.a’ 3 |
Proximal, or psychic convergence‘is a convergence phenomenon

brought about solely by the awareness of nearness of an object. It
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occurs independently of accommodation and any optical device placed
before the eye (prisms or lenses). It can often'lead one to erron-
eouslf.determine the near phoria level of a patiént, being md;e‘

" esophoric than is the true case.

Given that a large proportion of optometric therapeutic pro-
cedures (visual training, and lens or prism application) are based
upon results given by clinical accommodative-convergence measure-
ments, it is the goal of this study to establish the accuracy of
presently accepted methods of measuring accommodati?e-convergénéé,
and to make recommendations as to which method(s).if any can be
reliably used as a basis for therapeutic remediatioﬁ. Specifically,
thé following methods wiil be compared and statistfcaily analyzed -
to determiﬁe_the reliability and validity of each:

1. Gradient method (delta phoria/delta sPhere) with-
phoropter :

2. Phoria method (delta phorla/delta dlopters) with
phoropter

3. Gradient method (delta’ phorla/delta sphere) with .
optometer

4. Phoria method (delta phoria/delta diopters) with
optometer

These methods were specifically chosen since the phqria'ahd gradient
methodsaréﬂwstVfrequently used clinically to detérmine the ACA
relationship of a given patient. In addition, pre;iﬁus literature

by Morgan sfates that, ". . . the only reiiable metbod for.détermina-
tion of the accommodative—convefggnce ratio is the gradient metﬁod."6
Psychic (prokimal) convergence is virtually eliﬁinated due to. the
constant working distance. Since lenses are used to stimulate

accommodation, the ACA value may be determined directly by the asso-

ciated change in phoria. Morgan further states, however, that,




"Its disadvantage is that the change is small, and an errer in
measurement will represent a rather large proportion of the whole
measurement." To emphasize the point, stimulus units are the
assumed denoﬁinatbr in the ACA'determination, and hence, the magni-
tude of measurement error will be exaggerated due”te fhe yariafion
of accommodative response.

The phoria method has been supported by Morfis, in that,
". . . the Fry technique (phoria method), in spite of the faetor
of proximal convergence, is more accurate than the Morgan technique
(gradient method)."7 The statement is made based upon the low
variance of ACA as measured by the phoria_method in his study. -

These mefhods will be compared utilizing,phofopter'(As) and
optometer/haploscope (Ar) ACA findings, in order to determine statis—

tically, the accuracy and reliability of each technique in deter-

mining ACA values.
METHODS

Sixteen males and two females ranging in age from twenty-one to
thirty-two years of age wefe tested. The mean ege was 24.5 yeafs,
and all but two of the subjects were optemetry'students. All sub-
jects were fully corrected for refractive errors ﬁy eiﬁher their
current habitual prescription or trial lenses. Subjects presenting
with strebismus, amblyopia, any active ocular pathology, or those
taking any medication that would affect the eyes here‘eliminated'_
from fhe study. |

Phoropter testing was éerformed with an Amefican Opticai Ultra~
matic phoropter. Subjects were told to wear their habitual corrective

lenses (where applicable), while being tested. For subjects with
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uncorrectedurefractive error, a subjective to best monocular visual
acuity was performed, and the resultant lens left in place. Inter-
pupillary distances‘were taken, and phoropﬁer PD adjustments were
made accordiﬂgly.

Gradient phoria testing was performed with a hofizontai series
of 20/40-1etters located at six meters, using a 51{00, -2.00, and
~-3.00 1ens>¢6nsecutive1y placed before both eyes. bBﬁse upkprisﬁ
was placed before the subject's left eye to dissociaté the letters
veftically. Base-in prism'was placed before ;he:subject's righﬁ
eye such that the subject reported that the top chért appeéred to.the
right of the left chart.. Subjects were instructed to kéep the
bottom chart (left eye) as clear as they could(_ Base-out‘prismjwas
then added in front of the right eye until the patieﬁt.respoﬁded
"now", indicating that the two charts appeared Verﬁically élignéd.
The alignment represented the assoéiated phoric posture of the
subject with a specific accommodative stimulus. This reading was
recorded, and a second similar trial was performed for eéch new
accommodative stiﬁulus. In situations Qhere the létter;_could-nof>
be‘gleared, as was frequently the case with the -SQOOflens, a sl#sh
was ;ecorded for this finding, indicating that accoﬁmodative
rgsponse.was not satisfactory.

The phoria ﬁethod was performed in a similér manner and condi~
tions to the grédient phoropter method, with the exbeptioniéf
varying -the distance of the targef rather- than gtiliiing iensesv
to stimul#te accommodafion. The same distance target was utilized
as in the gradient method. The nearpoint target howe?er,:consisted

of a horizontal series of 20/40 letters éalibrated for 40.cm{
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Thereforé, acuity demand was not éonstant at all distances has to be
due to unavailable time and monetary resoﬁrces. Two trials were
performed at these specific test distﬁnces: 6 M., 50 cm., 40 cm.,
and 25 cm. . Subjects wére again instructed to keep the bottom chart
as clear as they could and to report alignment as base-out prism
was increased before the right éye.

Optometér testing was performed on a Badal optometer/haploséope
systém. Briefly, the Badal optometer allows a change in étimulus
vergence without a change in the angular subtense of the retinal
image. Therefore, it allows us to measure the accopmodative respénse

of a subject based upon the formula:

1. ~CF = RE + A + L
where: CF = cénjugate focus of the visual s&stem
| RE = refractive error of the subject
Ay accommodative’response
L = lens value used in front of the eye.
Given th;t;'
2. -CF = 15 cm. - s.r.

where: s.r.=scale reading of stigma .

We can thereby determine the AR of a given subject by simply record~-
ing the scale reading. By rearrangement of equation (1), it can be
seen ﬁhat;

3. Ay = =CF - RE ~ L
Since the subjects were corrected for their~reépéctive refractive
errors, tﬁe RE term may be eliminated, thus simplifying the equatioﬁ
to:

4. AR=-E"F—L

In order to validly measure an isolated accommodative response,
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we must eliminate intervening factors which may influencebaccommo-
dation other than the fixation target accommodative demand. Such
facﬁqrs would be: |

1. control of pupillary fluctuation

2. control of variable .contrast of fixation target;
' illumination must be held constant at all distances

3. control of head movements
4. control of proximal accommodation and/or convergence,
thus utilizing both distance and lenses-as accommo-

dative stimuli

5. full correction for all ametropia; must exclude
aniseikonia cases. '

6. control of vertex distance - 14 mm.

- Control of pupillary fluctuation was perfdrmedAby maintain-
ing constant illumination of targets. Complete elimination of
pupillary fluctuation proved impossible, unless one uses a pinhole
aperture whigh was unfeasible in this project.

- Since illumination remained constant, c;ntragt was con-—
trolled and held constant.

- Head movements were controlled by having the subject place
his/her head in a headrest with chin support.

~ Vertex distance was held at 14 mm. since'the headrest
arrested forward/backward movement of the head.

All subjects were instructed to keép and maintéin ﬁhé target
letters as clear as they could. A flash presentation of the stigma
was given-which, whén presented, appeared simultanéOusly alongside
the farget.‘,The subjects were told to report when the stigma
appeared qleapest. Scale reading were bracketed, recorded, and
repeated for a second trial. All Ap testing was performed through

the right eye only, while the left eye remained occluded (it was




fouﬁd to be unfeasibie to perform separate tests for each eye).
Associated phoria measurements were taken by presenting a stigma
simulfaneously to both thg right and left eyes of the subject
while keepipg the letters clear. Flash presentation was again'
employed in order to prevent distraction of the subjéct from the
Fa;ge; of regard (As). Latéral manipulation of the s?igma waskthen
perfo;méé ﬁnfil.thélsubject reported alignment of thefspigma. ?he
procedure was repeated in association with each AR reading, and
recorded. Uﬁits of convergence were printed in.dégrees; thus
necessitating the conversion to prism diopters by multiplying thé
reading in degrees by 1.75.

The giadient optometer method was performgd_with a horiiontal
series of 20/40 letters at six meters. Near findings were done at
50, 40, and 25 cm. Lighting at far and near was held constant as
determined by a photometer. |

The phofia method was performed with the same target as in the
‘gradient method. A -1.00, ~2.00, and ~3.00 lens was placed béfore
fhe subject's right eye in order to stimulate aécommodation (the

left eye was occluded) for each respective trial.
RESULTS

Accommddative-convergence values from eachféfAthé four methods
are listed in'Table I. The ACA values for each. subject were deter-
mined by averaging trials (a) and (b) for a giﬁen’ﬁethod. Data for
the phoropter delta phoria/delta sphere method has been listed‘iﬁ
rank order from highest to lowest (findings for individual subjects
are identified by their initials on the.left). The mean,>sténdatd

deviation, and variance for a given data set are listed at the
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bottom of each column. The symbol "N/T" indicates that the subject

was not available for testing.

The data

1.

from Table I show that:

The phoropter delta phbria/delta sphere method

yielded the smallest and least variable values,
while the optometer delta phoria/delta diopters
method yielded the largest and most variable
values. '

The average ACA values found for delta phoria/

"delta diopters are larger than those found for

delta phoria/delta sphere. This holds true whe-
ther the ACA is determined using accommodative

~ stimulus units (phoropter), or accommodative

response units (optometer). The larger values

~ for delta phoria/delta diopters can be explained

Figure 1
encés between
represent the
indicate tﬁat
indicate that‘

points yields

at least in part, by the failure of this method
to eliminate proximal or psychic convergence.

The average phoropter accommodative findings are

larger than the corresponding optometer findings.
If convergence is considered constant for both
methods, then accommodative response is smaller
than the corresponding accommodative stimulus.
illustrates the frequency distributions for the differ-
trial (a) and (b) for each method. These distributions
mean differences between trials. Negativevvalues
trial (a) is less tham trial (b), while positive values

trial (a) is more than trialk(b). Ploﬁting these data

an even distribution about the zero point - this shows

that values derived from trial (a) were not consistently higher than

trial (b).

Figure II represents a scatter diagram of ACA data points

illustrating ACA differences between trials (a) and (b) - trial (a)

is represented along the ordinate, and trial (b) is represented

along the abseissa. These points have been plotted in relation to

the one to one line, which represents a theoretically perfect
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correlation betwéen trials. In essence, Figure II shows us the
plot of trial (a) vs. (b) for each method used, again indicating
that there 1s a significant correlation between values derived from
trial (a) and (b).

Table II confirms numerically, the correlation shown graphically
in Figures I and II. The mean, standard deviatioﬁ, variance, and
coefficient of correlation were calculated for trials (a) and (b).

A very high correlation (_ 0.795) for test-retest reliability within
a given method is demonstrated. It can therefore be stated that

any difference between methods as they are compared cannot be attri-
buted to variation in test-retest.

Figure III gives us the frequericy distributions of differences
in ACA for a given subject as found between test methods. This
illustrétes that a wide range of differences distributed in a random
fashion exists for each éomparison. Note that the smallest differ-
ence occurs between delta phoria/delta diopters phoropter - delta
phoria/delta sphere optometer findings, while the largest aiffer-
ence occurs between delta phoria/delta sphere phoropter - delta
phoria/delta diopters optometer.

Figure IV shows scatter diagrams for each of these comparisons.
As in Figure II, values are plotted on the x and y axes. If a
strong correlation exists between the two methods being compared
we would expect to see the majority of the points to fall along
the one to one line as in Figure II. The scatter diagrams in
Figqfe IV show that the cofrelation between tests studied is low.
This low degree of correlation indicated that the tests being com-

pared do not measure the same visual parameters.
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The data displayed in Figures III and IV are represented

numerically oﬁ Table II1. The means, standard deviations, vari-
ance, aﬁd coefficients of correlation (r-values) have been calcul-
ated for each»set of comparisons. It can be seen from the extremely
low f-yalues that no correlation is demonstrated.in~any df these
cdhpariédﬁsktﬁeyond wEat¢wou1d be expected to occur fandomly). if
we propoéé a null hypotﬁésié tﬁat norrelationséip existélbétween‘
tﬂgﬂéwotmééadds compared, the statistical significance of these
~r-values can be determined. Using the standard errér,“a";tﬁaéﬂiu
t—valuéwcaﬁ be caiculéfed for each comparisbn. Thesé values indi;’
cate that the null hypothesis must be accepted. In other words,
the'r—values for our compa;isons are not significantly diﬁferent

from those expected under conditions where no relationship exists

between the methods being compared.
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FIGURE I

Ffequency distributions of differences between trial (a) and
(b) are shown for each methed seudied. Differencee are expressed
as (a - b); therefore, negative values are assigneduto those cases
where b e. Inspection of these diagrams shows that differences
are;evenly dis;tibuted about. the zero point for each method. This
indicates that no significant difference in ACA occurred as a result

of trial sequencing (ie: trial (a) then (b)).

Gradient Phoropter : Phoria Phorqp;ei
10
9
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7
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Gradient Optometer

C 14

Phoria Optometer

(Trial a - Trial b)
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FIGURE II1

Scatter diagrams for trial (1) and (b) are shown in Figure
I1I. Values for trial (b) are plotted on the x;axis, and (a)_
values on the y-axis. Note thét points represent é'Single set
of coordinatés, and as (x) represents two of more points with the
same coordinates, A one-to-one line has been drawn to show the
theoretical case of a perfect correlation; Note the tight grouping
of points near the one-to-one line, suggesting a high correlation

between trial (a) and (b).
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FIGURE III

distributions of differences between methods are

shown in Figure III. This diagrém represents differences obtained

by subtractiqn of ACA values found using one method, from those

determined by another. Signs are considered here, such that it can

be determined if one method yields ACA's that are consistently

larger than the other.
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FIGURE IV

;Sgatter diagrams for qomparisons between methods are shown in
Figure IV; The.ACA values determined by one method are plotted,
vs. the values determined using another. The resulting diagram
in&icates‘the degree of correlation between the two methods. A

theoretically perfect correlation is represented by the one-~to-one

line.
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TABLE I

Each of the four methods studied are listed. ACA ratios are
expressed as prism diopters of convergence per one diopter of
accommodation. The ACA's represent the average of tfial (a) and
(b) for each subject. Individual subjects are identified by ini-
tials at the left of the table. Note that values for the phoropter
gradient method are listed in ranking order from highest to lowest.
Thevméan, standard deviation, and variance of values for each

method have been placed at the bottom of each column.
TABLE I1

The values pertaining to test-retest data are shown in Table
I1I. The mean, standard deviation, and variance are listed for both -
trials (a) and (b), for each method studied. Coefficients of
correlation for comparison of trial (a) to trial (b) are shown at
the bottom of each column. These r-values are significant at.the
one percent level when student t-values are calculated uﬁing the

method of standard error.
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TABLE I
Subject Phoropter Phoropter Optometetv Optometer
ph/ sph ph/ d ph/ d d/ sph
1w, 6 5 1 4
K.W 5 8 9 5
I. 4 7 14 7
1 x.P. 3 7 12 6
G.M, 3 7 20 8
| x.p. 3 4 18 10
M.N. 3 8 20 10
K.J. 3 9 30 3
M.C. 3 9 17 . 3
D.P. 2 8 28 8
J.s. 2 N/T N/T “N/T
G.K. 2 6 13 &
N.Y. 2 3 8 3
D.B. 2 4 20 7
D.O. 2 9 6 4
N.M. 2 6 16 wT
J.H. N/T 4 8 '3
K.Y. N/T 7 30 3
X 3.00 6.70 15.25 5.50
1.15 1.88 7.63 2.44
2 1.30 . 3.50 58.19 6.00
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TABLE I1I
Optometer Phoropter Optometer Phoropter
p/ sph p/ sph p/ d p/ d

Al B a| B A | B Al B

X 5,16 5.14 | 3.10[2.96 | 15.08] 15.39 | 6.5916.41
3.04]3.40 | 2.80|2.70 | 8.77] 10.49 | 2.10}2.10

% l9e:27fi1.70 | 7.80{7.20 | 77.01{110.04 | 4.40}s.30
r-value| = 0.803 © 0.837. 0.795 0.87%




TABLE IIL
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. Statistical data for differences between accommodative stimu-

lus (As) and accommodative response (AR) are listed in Table III.

These values include: mean, standard deviation, and variance for

188 trials. - These values represeﬁt the difference between A, and

AR using the optometer and the gradient method.

PH. OPT

PH.  OPT. PH.  OPT. : .
COMPARISON ph/ d - ph/ d ph/ d - ph/ sph| ph/ sph - ph/ d
X ~8.76 1.06 -11.80
7.3 3.27 751
2 53.94 10.73 56.46
r 0.272 -0.0329 -0.688
. PH. OPT. PH. OPT. | PR, OPT.
COMPARISON ph/ d - ph/ d ph/ d - ph/ sph | ph/ sph -~ ph/ &
X -2.78 -9.75 - =3.67
2.86 7.37 2.22
2 8.18 54.33 4.95
r 0.0726 0.0612 0.0612
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DISCUSSION

Analysis of data here shows that when accommodative;convergence
ratios are statistically compared between the gradient Qnd photia;
methods - as performed through the phoropter'and thé Badal optpf
meter/haploscope -~ a poor correlation exists. These tesﬁ1ts raise
doubts upon the valjdity and reliability of present c1injc§l tests
in determining a patient's accommodative-convergence iétio.- What
then,‘must one‘donéider when measuring ACA, and what test (if'apy)
most truely represents the ACA Qf the patient? |

Based ﬁpoﬁ previous literature on this topic, it has éo-o to
our attention that the explanation for these results ily,bé multi-
fold. First of all, it has been stated by Manas‘ahd Hotgin§ thlt'

when ACA as calculated by the phoria method is coupatedito ACA as

calculated by the gradient method, a low correlation can beicxpccted.

This lies in the fact that the phoria method‘inslﬁdel proximal
convergence, while ;he,gradient method does not. ThetefOtc. the
ACA as detetmined by the phoria method will be larger than that
caiculated Sy thé gradient method. This is described'gtnpﬁieally
in Figure IV, which shows that the dafa points for'eqch-lﬁthqd
are grouped fogeﬁﬁer, buﬁ shiftedvaway from the one-to-ome line.
'This indicates that the two methods measure ;elated but éitfétent
functions. |

One must also consi&er the inherent difference in'ihdividdll
responses‘to the giQén stimulus. Hayne§7 has poiﬁted éét'thit
individuals may react differently to various'stiﬁulusrpatlletCt;

such as distance vs. change in dioptric vergence of light (lemses)
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depending upon'mood, atteﬁtion level, motivation, etc. Thus, even
if the effects of proximal convergence were eliminated, we would’
still expect differences in the ACA;s as determined by each method
based solely upon subject response variability.

in iﬁdependent studies, Manas and Morgan haﬁe reported that
ACA as caicualted by the phoria method showed smallef variance
than gradient ACA on test-retest reliability. When éompating the
results of ;he present data derived from the phoropﬁer phoria
method vs. the optometer phoria method, we have found that the
phoropter phoria metﬁod shows a smaller variance on test-;egehtl
reliability. In contrast, the optometer phoria ﬁealytenenﬁs,shows
the greatest test-retest variance of all methods‘qtudisa;“thgl
while the phoropter data supports the results givep by Manas and
Morgan,:the optometer data does not; This discrepgncy}can be
attributed to the relationship between the sggbiti;y of ACA‘—ég-
surements using the phoria method, and the a;hbiliij of diotan@e
and near phoria measutements;sv Further investigation is therefore
necessary iq establishing the correlation between phorias deter- -
ﬁined usihg the Von Graef technique, as is presenﬁly epfloyegﬂon
the phoropter, and phoria determined using the opfometer. The
value of this correlation woﬁld indicate that tﬁe'variahi!ity of
the optometer ACA findings can be attributed to the iﬁltability of
its inherent phoria findiﬁgs‘*

Regard1ng the correlatlon between A; and AR our data** ghows

a low coefficient of cortelatlon between phoropter (As) and optometer

* It should also be noted that this dxscrepancy could be due
to bias in a small sample.

*% n = 188, x = 0.645, = 0.26, = 0.50
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(Ap) AcA. ‘Even vhen the method of calculation is the same (ie:
gradient optémeter vs. gradient phoropter), the correlations found
were nd greater than those expected. to occur by chance. Manas and
Morgan have stated that the main disadvantage of the gradient method
is that the changes in accommodation and convergenée are small;
thetefo:e, an error in measurement will represent ajlarge prpp&t*_
‘tion of the entire measureme’nt.9 The difference between As and AR
in thefpreéent study would be expected to produce large discre-.
pancies betweén optometer and phoropter ACA calculations.’ |

| Previous literature has shown that ACA cannot be comsidered
consistent over time-l0 These studies have shdwﬁ that, over a -
period’of seQéral weeks, the ACA of an individual cannot be shown
to bé stable or linear based upon test-retest. In'the present
study, th}trials were taken for each set of stimulus parameters.
Trial (b) was taken immediately following (a) for each method
tested. By reducing the amount of time between trials, inconsis~
tencies in the ACA's due to test-retest error are minimized. Statis-
tical analysis of our data shows that a high corrélation exists
between trial (a) and (b) in every method studied. These ﬁoéffi~
cients of corrglation have been shown on Table I. The r-values
can be compared using the standard error test for significance.
" Such a gdmparison shows that the correlation 6f trial (a) and (b)
is significant at the one percent level. Therefore, it can be
“said that differences between methods were not due to test-retest

errors.
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CONCLUSION

The results of this study and others show that the accommoda-
tive-convergence relationship is indeed, complex. We have found
that accommodation and convergehce’does not exist in a flxed‘rat1o
which can be4measured accurétely and reliabily over time. Rather,
this‘relationshfp is dependent upon many intervening faetore such

- as:

1. the level of proximal convergence character1st1c
of an individual

2. the neural and physiological status of the
subJect

3. the test method employed and its inherent errors
in measurement

4. instructions given by the examiner when performlng
the given test

5. Ap and Ag correlation

It must therefore be re~emphasized that althoqgﬁ there exists
a relatienship between accommodation and cenvergenCe, Maddox's
classification is indeed, an overfsimplification'of’the dndeflying
‘relationship between accommodation and convergenee. Any reference
to an individual's “ACA" which is not followed by an operational |
definition of the term (method used, instructione»giVen, etc.) is
meaningless.

PfescriBing an appropriate prescription for an individuel'manif
festing an abnormally high ACA relationship should be done with the
knoﬁiedge that the individual's ACA‘ratio will vary accdrding.to
the aforementionedﬁfactors. It is recommended therefore, thaﬁ:

1. The clinician employ the same method each time

when determining the ACA of the patient - based
upon results of this study, each test method has
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its inherent idiosyncracies; it has been found
that neither the gradient nor the phoria methods
are significantly better than the other in
determining ACA. Consistency in test method
therefore, will yield most representable data of
the ACA.

And, instructions should be coherent and constant
for each test and between tests.
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