&%, IJRP.ORG

Inte escarch Public
ISSN: 2708-3578 (Online)

647
How reading speed is affected by prism correction in exophoric
patients

Avigail Hazut?, Vassilis Kokotas?

avigail229@gmail.com

SAERA School of Advanced Education, Research andefitation

Abstract

Reading is a very crucial part of life. Good reading ability is necessadaily tasks. People who
have difficulty in reading (for any reason) can find it very frustratimgughout the day and can suffer from
symptoms such as headaches, eye strain, etc. Reading speed is a factoirttiatameading ability.

Among many different factors that affect reading speed, one oh¢hers is the condition of
exophoria. This is when the eyes tend to diverge and usually presents withtdifficonverge. When
reading at a near distance the eyes must converge, making reading mori¢ fdiffireople with exophoria.

Measuring the eyes' deviation can be performed in different ways, giviegetiffamounts of prisms
needed to correct the exophoria and give more comfort. In this stualynethodsre used (Fixation
Disparity and Maddox Rod) to determine how many prisms would be necesgaegcribe and then test
reading speed with each number of prisms.

The results showed no significant difference in reading speed using etabdno test for prisms,
although subijectively it appears that there is a trend toward faster reading with pesisured according to
Fixation Disparity.

Keywords: exophoria; reading speed; convergence iicgsuty

1. Introduction

Reading is a fundamental skill that is necessary to successfully navigate daily i$euaed to
navigate basic needs as well as to obtain higher education (Trauzettel-Klosinskitdt2jl. R2ading is a
skill many people take for granted, but the act of reading and properlyeoemgling a text is a complex and
interactive process. It requires several different brain functions to work éogBisading well requires one to
puzzle through multiple layers of context and meaning (Yurko & Protsenko)2B20ple spend most of
their lives reading; particularly since technological advancement has entered the worldfonostion
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today is obtained by reading. Reading in th& @intury includes reading for education, reading for leisure,
reading for work, and reading for social interaction, as well as readirayigate the world. In the past,
reading was primarily utilized in order to become more educated and to morgdsnowledge. In today's
age of digitalization, reading is a necessity, not a luxury.

It has been shown by Ayodele (2013) that ease of reading affects leantioges. In order to
ensure efficiency, reading must be extremely comfortable. When readioigpiiertable it requires less effort.
The easier the task of reading is, the faster and more efficient it will be.

Vision is a basic prerequisite for reading. In order to read, visual aougybe good enough to
enable letter recognition. But that is just the first visual skill needed for pregaing. Additionally, when
reading, it is necessary for both eyes to focus on the same point in sgawewentogether from word to
word, to ensure one single, focused image at all times. Those skills are rimohgtl coordinationf lower-
level oculomotor processes such as version, accommodation, and vergencey Bsaditvolves higher-
level non- oculomotor processes (e.g., attention, language, cognition, amdyménhiagarajan, 2012).

When these abilities are not up to par, reading speed is adversely affectedding will be less
efficient, more difficult, and may cause headaches, exhaustion, and discomfo

Reading speed can be affected by many different causes, eye-relateerar©ne of the primary
causes of discomfort in reading is vergences. Vergences are the movethergyafs in towards a near target
or out towards a distant target in opposite directions simultaneously in ordairttain or obtain a single
binocular image. These vergences can be inwards, referred to as conveygentegards, referred to as
divergence (Wajuihian, 2017). When these movements are not correspomeesaty suffer different
anomalies that can cause difficulty reading or any other close/distanke wor

Exophoria is the tendency of the eyes to deviate horizontally outtverdjsual axes diverge from
the perfect alignment under dissociated conditions, meaning in the absemsiero{®antz & Stiebel-Kalish,
2021; Sanker et al., 201EBxophores have a slower convergence reaction compared to their divergence
reaction Alvarez, 2015) Exophoria at near is the basic diagnostic criteria for the diagnosis of genver
insufficiency (Borsting et al2003).

Convergence insufficiency (Cl) is a condition in which the exophoria aisgegzater than
exophoria at distance. Cl can cause symptoms at near work such asieyeatible vision, eye fatigue,
frequent loss of place, slow reading, headaches, and short attentiq@spaiman, 2011).

According to Scheiman and Wick (1977), the natural position of the ey Brism Diopters (PD)
exophoria at distance and 3+3 PD exophoria at near (although more recent lep&akta et al. (2017)
found values of 1.15 exophoria+2.8D for distance and near dissociated phoria: 5.02 exophoria+4.74 PD,
associated phoria: 0.55 base-int£1.02). When the eyes are positioned gnbsattian the normal amount
for near distance and at least four PD more than the distance exophoriagdhsidered Convergence
Insufficiency. Depending on the Near Positive Fusional Vergence (PFV) valueseifgimer ability to
overcome this deviation a strabismus will appear and there will be either diplgpippyession. If PFV
values are within normal limits, there will be normal vision but the effort to overtoerexophoria and get
normal vision will be extreme, causing symptoms such as headaches, asthenopeadiluyy etc.

Exophoria can be caused by anomalies such as eye muscle weakness, nstouissyes and
cognitive anomalies. Size and shape of the eye can also cause exophoria. In addjtloorja can also be
the result of a refractive error. Refractive error is when the shape of theusgs dae light to focus in the
wrong place in the eye, either before or after the retina (National Eye Institudy, @dpta et al. (1987),
tested 250 cases of exophoria and found that 59% of the cases had a refractivatienmyopia as the most
common refractive error. However, the correlation between the amount pfargrad the amount of
exodeviation could not be established. Subjects with exophoria may suffer severdatisaith near
distance work such as eye tension, headaches, and pain in the upper E\glidsnald, 1931)
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There is no conclusive data about the prevalence of exophoria. Theregis ihge of articles
discussing prevalence of convergence insufficiency, some of them esingxophoria as a criten for
convergence insufficiency, but a recent article reviewing the literature of congerigsnfficiency and
exophoria found large differences among studies due to variations imsuigeasures, age, and gender
distributions in samples. This may account for the wide variation of repagedi@nce, ranging from 1.7%
to 33% (Gant&: Stiebel-Kalish 2021).

Treatments for exophoria are diverse. One option is base-in prisragjlased to reverse the
outward eye movement and reduce asthenopic symptoms. Another treatmentnig kesimpy and eye
exercises, teaching the eyes to easily converge even though the easier eye movelthéet toaliverge
(Lavrich, 2010). Additionally, in some cases of extreme difficulty, occtusiosurgery may be warranted.

One paper in the field compared all non-surgical treatments for convergeuitieigrscy, including
basein (BI) prism glasses, showed no difference between the group wedrtasBes and the placebo group
in terms of symptoms (Scheiman. 2020). A different trial conductedesibyopes showed that base-
glasses in progressive addition lens design was more effective and decreased sgowpfmared to regular
progressive correction (Scheiman et al., 2011). Another study by Stavig2®0al) wanted to determine
whether bas@ prism glasses correction can diminish symptoms when reading at nearpaiade reading
abilities. The results showed a significant improvement in reading speed, accudacyigmehension in the
group with baseén glasses correction. Patients also reported having an improvement in asthenopia and
headaches. One trial evaluated the effectiveness ofilbasism reading glasses and found no evidence of a
difference between the prisms reading glasses and the placebo reading glasses sdramgriteaoutcome
of near point of convergence (NPC), positive fusional vergence gteymscores measured by the
Convergence Insufficiency Symptom Survey (CISS) (Scheiman et al.,.2020)

As for convergence exercises, evidence from two trials showed that in-office treafivisian
therapy was more effective than home-based exercises in children. (Scheiman, 2011)

A review by Scheiman et al. (2020) reviewed 12 trials evaluating non-surgicahappsao treating
convergence insufficiency: 1) office-based convergence/ accommodative therappméthreinforcement; 2)
homebased pencil push-ups; 3) home-based computer program therapy gemwegaccommodative); 4)
office-based therapy with no home reinforcement; 5) placebo vergence/acdativmdreatment; 6) base-
prism reading glasses; and 7) placebo reading glasses. When the trials defiagsl asiem outcome
requiring both clinical measures of convergence to be normal, and also shpvweedpecified degree of
improvement, they found high-certainty evidence that office-based treatmenowithreinforcement
increases the chance for a successful outcome compared to home-based caaputithome pencil
push-ups and placebo treatment.

When success was defined as composite convergence and symptom success thetctoned
moderate certainty evidence that office-based vergence/accommodative treatmermjfiveonidre successful
outcomes than placebo treatment (Scheiman,&1G#0). Since not all studies included composite success
data, they could not conduct network meta-analysis for treatment successeraéiynited to comparing the
mean difference between the different interventions for improving NPC, PFCZI&&Iscores using the data
from three randomized controlled trials (RCT). Office based treatment was relativelgffiecteve than
placebo treatment in improving PFV but no evidence of a difference for NiPCI&S.

It has been shown long ago that exophoria at near (as well as other condifoas sartical phoria,
anisometropia, and aniseikonia) is associated with below-average reading pec®i(@imons &
Gassler,1988). A review done by Simons and Grisham (1987) evaluates the réfatiensben binocular
anomalies and reading problems. The evidence supports a positive relatimialgipn reading problems and
binocular anomalies such as exophoria at near, anisometropia, convergeriiceensyf and fusional
vergence reserves. Exophoria at near showed a weak positive relationship tp peatolems.

WWw.ijrp.org



Avigail Hazut / International Journal of Research Publications (1JRP.ORG) @ JJRP .ORG

ISSN: 2708-3578 (Online)

650

Exophoria can make reading at a near distance a harder task, making neactirgower. Prisms
are a treatment for exophores; therefore, prisms should make readingreastecomfortable, and faster.
The aim of this study is to examine reading speed in subjects with exophdeaarhparing the reading
with prisms according to associated phoria tests and dissociated phoria tests.

When a patient with exophoria comes into the optometrist's office for an eye exarnydias to
address all difficulties. One of the main problems is reading at a near distdtromnvaA treatment for this
condition is prescribing prisms, but there are different approaches to thacoosate method of prescribing
these prismsHarden, 2021)Research conducted in Iran studied the effect of Bl prism treatment ortatien
with Convergence Insufficiency (CI) (with greater exophoria at near tistande). This study found that
prescribing Bl prisms for patients with CI significantly decreased the synsptelated to near distance work
and reading (Nabovati et al., 2019). In a study by Teitelbaum (20@9%ffect of Bl prisms was studied on
presbyopic adults with Convergence Insufficiency. This study's resultshaa@ad an improvement in
vision-related symptoms in the group treated with Bl prisms (Teitelbaum 2088). Scheiman et al. (2005)
studied the effect of Bl prism treatment in children ages 9-18 with symmgloen® Cl. His study did not
show a significant difference between the study group and the placelp agitbough both groups showed
an improvement in near vision-related symptoms (Scheiman et al., 20@hdiman and Wick (1994), it is
assumed that the best way to determine prism correction is by using Fixation Dispaeityassociated
conditions since other methods will yield a higher amount of prism.

Associated phoria is measured under more natural conditions and therefale: predict the more
comfortable prism correction. However, the correct method for prescriiBrgphas not been researched
much, and there seems to be no official approach. Although it was ginewausly that both associated and
dissociated phoria measurements can predict the comfortable gasmirhan et al., 2011)enkins et al.
(1989) found that associated phoria can predict the more accurate ipderthe asthenopic complaints are
significant, whereas the complaints with dissociated phoria are not significant. Kretaie2002) studied
the correlation between associated phoria and dissociated phoria and foundéhatategh correlation
between the two and no significant differences in the results of the proceduressditeewere explained
according to the theory that the accommodative demand was equal between theddorps They assume
that previous studies showing differences between associated and dissociated@kdogaa different
accommodative stimuli (Kromier et al., 2002).

When a large exophoria is found at near, it is one of the primary critetizefdiagnosis of
convergence insufficiency, where the eyes tend to drift outwards instead efgiogvfor near work. This
condition has been found to affect reading adversely. Convergencéciesaff makes reading very difficult
and patients will suffer from eye strain, double vision, slow reading,ezhated ability to read for long
periods of time $cheiman et al., 2011).

There are two different approaches when measuring phoria at near.d3sedmted phoria aride
other isdissociated phoria

Associated phoria is when both eyes are open and in natural conditions. It is therlefidt#o
binocular system under prism correction of fixation disparity. Fixatioradiygs when the eyes are fused
without having bifoveal correspondence due to phoric deviation (Otto 208B) Associated phoria is tested
with the Mallett Unit fixation disparity tesK@rania & Evans, 2006@nd other similar tests.

Dissociated phoria is the fusion of the visual system when only one fexatiisy, showing the eye's
natural deviationBrodsky et al., 2005; Sanker et al., 20IR3sting this will give us the deviation from the
orthovergence positiorBarden, 2021)There are a few dissociated phoria tests at idaddox Rod, von
Graefe and alternate cover test with the modified ThoringtonSebr¢eder et al., 1996). The results of these
tests will be different (usually higher prism value) than the associated pbstria t

This study compares the fixation disparity test for associated phorighehtdox rod test for
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dissociated phoria and the effect on reading speed.

The Maddox Rod test is performed by placing the Maddox lens horizoimtdiynt of the right eye.
The patient is shown a light at 40cm so he or she will see the light and a streak drztmdi@xis. The
distance between the streak and the light is neutralized using a prism bar (Gantz&KStiish, 2021).

Fixation disparity will be tested using the Shapiro-Evans Diagnostic Occluder Set (SBapip
The occluder presents a red and green line separated by a central locktidititengears red/green filters and
is instructed to comment on how he sees the lines. If the lines are not aligrisrthbar will be used to
measure the amount of prism needed to align them.

Reading speed will be tested with the International reading speed texts (IReiST9.aTh
standardized text assessment of reading in different languages. It can beassegare reading before and
after intervention. This textbook contains standardized paragraphs in diftargnages used to assess
reading speed. These texts are recommended due to the fact that a paraggaghusmmore information on
reading speed than a single sentgiicauzettel-Klosinski et al., 2012).

2. Hypothesis

Dissociated phoria is usually larger due to the fact that the eyes are not fusetina¢ thf the
measurement, allowing the eye to assume a more distant location without the binaessaittstr assumed
the reading speed will improve with the prismatic correction of the phoria irtfEtroups. Additionally,
since the dissociated phoria is larger and therefore the prism given is dalayger effect in the dissociated
phoria is expected. On the other hand, the larger the prismatic correctiomoith aberrations that are
present, so there may not be a significant difference between the two corrections. ksswatsed that
compared to no correction, the patients will describe more comfort of readintheviphismatic correction
compared to uncorrected reading.

3. Methods

An experimental study was conducted using an experimental group and a cantpobfjpatients
reauited from an optometrist’s clinic in Israel. The study included 30 participants (ageti8}-15 in the
experimental group and 15 in the control group (eight men and seven wotherstudy group and seven
men and eight women in the control group), all randomly selected. All patiergslimgnosed by an
experienced optometrist with exophoria above normal at near (>4 prism diopter). The criteria recommended
by the Optometric Extension Programme (OEP) norm data table, that exophoria albhapters is abnormal
was used (Scheiman & Wick, 1977).

Exclusion criteria: sbjects with diplopia, suppression, or reduced visual acuity (VA < 0.1) were
excluded from this study, seeing that these cases can all have a strong atkairea efading in general and
reading speed specifically. All phoria testing was conducted after full refraction was diothe aubject was
wearing full Rx.

3.1.Tools:
Reading test: for testing reading speed, the IReST (international repded)test) was utilized

Each one of the three tests used a different text (on the same readipfroevehe textbook. Reading speed
was calculated by words per minute: words read correctly/reading timeX60, acdortlisgextbook
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instructions. The text used was in Hebrew and each subject read different tdsdsame reading level.

Fixation dispaty: Fixation disparity was tested using the Shapiro-Evans Perceptions occluder set
(O'Donnel, 2000). The Shapiro-Evans Diagnostic occluder is an ocglitiatifferent vision tests. The one
that was used is fixation disparity using two lines, one red and one fratthe subject aligns using a prism
bar.

Maddox Rod dissociated phoria test: Maddox rod lens and flashlight weréD.dethn,1919). The
Maddox rod lens is a red lens made of a series of parallel glass rodsrhait a light source into a streak of
light. The position of the light streak measures the phoria using a psism b

3.2.Procedure:

All subjects in both groups underwent a comprehensive eye exam by an experieaoestrigh.
Eye exams included full refraction, binocular alignment at near and far, veesialusition, accommodative
amplitude, near point of convergence, and an ophthalmoscope evaluation.

Based on resultsf the eye exam, patients were recruited to participate in research and placed in the
research or control group according to the criteria described above.

Experimental Group

The experimental group was rechecked for near measurement of exophoria.

Near Exophoria Exam: first, associated phoria was measured using fixapanitgt test. The subject wore
red/green glasses and was presented with an image of two vertical lines (one red aedn)riivigled by a
white OXO. Using a prism bar, the instructor measured the amount of peetied to align the red and green
lines in order to get a normal deviation.

The next test measured dissociated phoria using the Maddox Rod telstadthex Rod lens was
placed in front of the subject's right eye horizontally and a light sourceli@lagiwas placed at 33n from
the subject. Using the prism bar, the amount of prism it takes to bringeh& eftlight to be aligned with the
light source was measured.

Once the two prism measurements were established, the subject read the text threecéméth on
full Rx correction and no prisms, then using the prism measured wifixttion disparity test, and another
time using the prism measured with the Maddox rod test.

After the subject read each of the three texts and reading speed was meassigujeth responded
to a questionnaire giving an indication of subjective feelings during eachtiestreading each text, the
subject was asked to rate comfort while reading. The responses were basedGoscalé-with 1 being least
comfortable and 10 being most comfortable. This indicated the patienfsrtarhile reading, which would
be related to reading speed (if the subject is comfortable, reading Sleoeddier and faster).

Control Group

The control group read the text three times with full Rx and no prisms, eactetiding a different
text on the same reading level (the same three texts that the experimental groupheseabjects in the
control group answered the same questionnaire to rate reading comforttagytggeup on a scale of 1-10.
4. Results

Thirty subjects were tested, ages 8-18 (average age for control group 21933ard average age
for study group was 11.46+-3.09) and evenly split by gender withal&s and 15 females. No significant
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differences were present in age or gender between the research group anttahgroop (p=0.47 for age
and p=0.36 for gender)

The average reading time between reading with prism correction (accordifagittox Rod and
Fixation Disparity) and without prism correction was not significantly different (g#€02=0.117). The
average time between reading with prism correction according to Maddox Raddgstism correction
according to Fixation Disparity also showed no significant difference (p=0.39).

Reading speed with no prisms in the research group was not significantlyrditferepared to
reading speed in the control group with no prisms (p=0.397, p=p=3.48).

Subjectively, patients were more comfortable reading with prisms, with the researcisiyoatipg
a trend toward slightly faster reading with prism correction compared tdgmo jorthe control group (see
figure 1). According to the questionnaire asking the subject to rate readifigrcafter each text using a 1-
10 scale (10 being most comfortabliéwasindicated that when subjects rated reading comfort as most
comfortable, they were reading with prisms according to fixation dispdrity-(1). Subjects in the control
group were less comfortable while reading the third text (7.8 +/- 0.883jlpdy due to discomfort after
reading for a while (see figurg.2

Average reading speed in the research group was 66.33 (+/- 13.906)sseithmo prisms, 60.4
(+/-12.78) seconds with prisms according to fixation disparity 628 (+/-13.22) seconds with prisms
according to Maddox Rod. This shows a trend towards faster reading isitis@ccording to fixation
disparity.

In the control group, the average reading speed for the first text wg763/-12.45), for the
second text was 64.867 (+/-11.23), and for the third text was 6612 (}1).

When comparing the results of the subjective questionnaire regarding readiogt @oitne control
group, no significant difference was found between the first, second, asht¢interreading (p=0.08, p=0.36,
p=0.11). In the research group, the results did show significance bewestmg with no prisms and reading
with prisms according to fixation disparity (p=0.003). A significant difierewas also shown between
reading with prisms according to Maddox Rod and prism accordirggtioh disparity (p=0.02). bl
significance was shown between reading with no prism and reading with prismdimgtorMaddox Rod
(p=0.15).

Average reading speed- Research group Average reading speed- Control group

66.2(SD +/-
65.067 (SD +/- 64.867 (SD +/- 11.11)
12.45) 11.23)

66.33(SD /-
13.906)

62.8(SD+/-
13.22)

Reading time (Seconds)
Reading speed (Seconds)

60.4(SD+/-
12.78)

no prism D MR Text1 Text2 Text3

Figure 1 Average reading speed in research group and contmapg(a) control groug{b) research group
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Reading comfort- Research group Reading comfort- Control group
92 9.2
] 9
8.8 838
8.6 8.6
84 o 84 o
82 & 82 8
8 é 8 :_‘g
78 g 78 g
76 © 76 ©
7.4 7.4
7.2 7.2
7 7
6.8 6.8

No prism FD MR Text 1 Text 2 Text3

Figure 2 Reading comfort according to a subjective questioerafter reading each text. (a) Research groupCdn}rol group
5. Discussion

Evidence shows that exophoria at near (or convergence insufficiency e sages) reduces time
spent reading, probably due to difficulty while readiNgs{ed et al., 2019)A survey done by Egelund (2007)
showed a positive correlation between hours of reading and reading apeed)(other things).

The gold standard for treatment of convergence insufficiency is offiseebvision therapy treatment
(Scheiman et al., 2020), but not all patients can afford it or have the time negdepgeidy do it. A large
percentage of the population in Israel cannot afford vision therapy as itrecoghized by the local
insurance companies. Additionally, the primary vision care providers dofeotiion therapy. It is
necessary to have another option for treatment to provide these patient@sidretherapy is not available.
An alternative option of treatment discussed in the literature isibggesms. This mode of therapy has been
found to alleviate some of the symptoms in some cases of convergené&eiamsyf (Stavis et al., 2002).
However, one of the other studies found no significant difference in quiliéading when prescribing base-
in prisms for exophoria (Scheiman et al., 2020).

In the analysis of the results, a trend was found towards faster readingesmdomfortable reading
while wearing bas@ prism reading glasses (more so with prisms prescribed according to fixiafaunity
testing than Maddox Rod test). This discrepancy in the findings meygdi&ined as a placebo effect, or
alternatively it may also be explainday the different modes of testing, as well as the different subjects and
sample size. Further research should be conducted to find more significantanedutisyet a better
understanding of treatment options.

One of the ways to treat exophoria is by prescribing corrective glasses witim lpaseas. The
prisms help align the images viewed so that the eyes don’t have to strain to see single and clear images
(Barden, 2021)The amount of prism needed to align the eyes can be determined ustujptksl phoria
testing (the amount of deviation from orthophoria) or associated phoria t@bhgregmount of prism used to
nullify fixation disparity under natural conditions) (Otto et al., 2008).

Even though associated phoria and dissociated phoria are known to @ivprigon correction to
eliminate asthenopia and other difficulties due to exoph8ti@aédy & Saladin, 1978; Alvarez, 2015)
different studies showed that associated phoria would give the more comforisiléJaschinski, 2002)

In this study, this conflict was revisited, comparing reading speed acgaeditissociated phoria
(Maddox Rod) and associated phoria (fixation disparity).

The results of this study did not show a significant difference between the ¢aslisdrspeed with
prisms according to Maddox Rod test and accordingagidn disparity), but a trend towards faster and more
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comfortable reading with prisms prescribed using fixation disparity was indicateudizg to the subjective
guestionnaire that the subjects answered after reading the text. Not only was there svaetsdréading
with prisms according to fixation disparity, but there was a significant diffenehea comparing FD results
to reading with no prisms and compared to reading with prims accaodivigddox Rod.

One can try to explain these results in a few ways. First, high prisms have affeptiof
distortions and visual confusion, loss of visual field and sometimes @iflbymg & Peli, 2014)This can
cause difficulty while reading for different reasons than the difficulty calngexkophoria, which can bring
about slower reading.

Second, the text that was used to test reading speed (IReST) may have Bbert.titds more
difficult to read a longer text and that is when people with exophoria would mostfiedithe difficulty
reading and perhaps read more slowly. Subjects may also lose their attentiaftespalhthe vision testing
and reading a few texts, and therefore read slower while reading the third text.

Third, the research group may have been too small. Thirty subjects werenef@pand a larger
number of subjects in the study would likely lead to more significant results.

Another element that was not discussed is accommaoglétimeye's ability to change focus by a
change in the eye's dioptric power, when looking at a near image (Glasser,T2@08bility to accommodate
and the accommodation flexibility have a great impact on any near wornkdimglreading. Any
accommodative dysfunction would greatly affect the results of a readingntestnhal cases,
accommodation problems start after the age of 40 in presbyopes. In thiglséudge group was 8-18, so
testing accommodation was not necessary. However, there are cases where children alsorsuffer
accommodative insufficiency or accommodative infacility, and in either of tasss the reading speed
would be adversely affected. In further research, perhaps accommodatidoh s tested and any subjects
with accommodative dysfunctions should be excluded from the study.

This study was randomized, but the order in which the three texts were read wasetifier gdim
subjects. The subjects in all cases first read the text with no prisms, then read the sismwittaccording to
fixation disparity test and the third text was read with prisms according to M&umtbtest. It may be that the
subject suffered eye strain and fatigue by the time they got to reading thiexhiatd this would explain the
subjective feeling that reading the third text (according to Maddox Rod) walaégrtable than reading the
text with prisms according to Fixation Disparity. | would recommend retestingthiture studies with a full
randomized trial, having a group of subjects start with no prisms, argthgr start with prisms according to
Fixation Disparity and, finally, a group starting with prisms according to Maéubal.

In summary, given the limitations of this study, future research omojhiis may benefit from a
larger sample size. Also, utilizing longer texts and allowing subjects to have a briefriedtietween
testing and reading the three texts to reduce fatigue may generate mifiesigiesults. Excluding patients
with very high exophoria so as not to get the optic effect of high prisay also improve the results.

While the hypothesis was not supported, there was evidence that subjects felt readingewas mor
comfortable with prisms prescribed using Fixation Disparity. This suggestytoatetrists may be more
successful using associated phoria testing (such as Fixation Disparity) when prepcisbisgn order to
give their patients a better quality of life. Another option for further researchiweuo measure the
comfortable prism between the amount determined by associated phoria ambth determined by
dissociated phoria.

The results of this study support the previous literature showing thaigteeoerrelation between
associated phoria testing and dissociated phoria testing,reirsgnificant preference to one or the other was
found. The subjective rating of the comfortable prism for reading stgpihe previous literature showing that
associated phoria and fixation disparity, under natural conditions, give tieeagtmurate and comfortable
prism.
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6. Conclusion

There are many problems that can affect reading, and specifically respéied. One of these
problems is exophoria. When the eyes are in an exophoric state, smo@ih emadvergence is harder to
achieve, making reading more difficult and therefore slower. In ordaake reading easier, base-in prism
glasses can be prescribed.

Phoria can be measured in different ways, resulting in different amdiyprisras that can correct
the phoria and help the symptoms. There are tests that measure associéexhgtests to measure
dissociated phoria. In this pap®re compared reading speed using prisms prescribed according to associated
phoria tests and prisms prescribed according to dissociated phoria tests.

Dissociated phoria gives a larger prism than associated phoria; therefoassitiised that the prism
according to dissociated phoria tests will give faster reading. Although, hsthsgerescribed (according to
associated phoria and dissociated phoria) should result with faster readingemb topay prism at all in
patients with exophoria.

The results of this research showed no significant difference in reading seeéibthe two
groups. A trend towards faster reading with prisms prescribed acctodisgociated phoria was found. In
addition, results of a subjective questionnaire that the subjects resporstggests that reading was more
comfortable with prisms according to associated phoria testing (fixation disparity)

It is important to note that, while this paper focuses on reading speed and ceemfodg, there are
other measures of quality of reading that were not addressed in this papisrcbntext, it should be noted
that different reading purposes require different reading speeds, and diradg sgeeed without
comprehension is worthlegBell, 2001). Further research on the effects of exophoria on reading
comprehension and quality of reading should be conducted in ordet #ébroader picture and better
guidelines for evidence-based practice in cases of ex@phori
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