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Abstract: Purpose: This research, compared the dissociated phoria state at near and distance fixation
in free space, using three different techniques; the Howell test, alternate Cover test and Thorington
test. Methods: A total of 220 healthy Mexican children from Querétaro, 5.06 to 17.11 years of age,
participated in this study. The magnitude of phorias at both distances was quantified using each
of the tests, starting from the least to the most disruptive one. The degree of stereopsis, break, and
recovery value of the near point of convergence were also analyzed to understand the interaction
among them and their impact on the sensorimotor balance of the visual system. Results: Despite their
different ways of dissociation, for patients with exophoria or esophoria at near, the alternate Cover
test and Thorington provide similar values. If examining the exophoria state at distance, the alternate
Cover and Howell test are similar, whereas for the esophoria, the alternate Cover and Thorington give
similar results. The break value and the magnitude of exophoria at near can predict the stereopsis
degree. The break value and the magnitude of exophoria are related to each other. Gender doesn "t
relate to any variable, whereas age, is associated with the degree of stereopsis and the break of NPC.
Conclusions: The statistical analysis showed that the alternate Cover and Thorington test, despite
their different ways of dissociation, can substitute one another, whereas the Howell test, cannot be
interchangeable with the other two. The different way of dissociation this test uses, can be related
to the obtained results. By analyzing the crucial elements of the binocular visual system, can help
professionals determine the interaction among them and their impact on its sensorimotor balance.

Keywords: visual function; Howell test; alternate Cover test; Thorington test; dissociated phoria
state; break value of near point of convergence; degree of stereopsis

1. Introduction

The phoria state describes the misalignment of the visual axes elicited when fusion is artificially
disrupted, by using an occluder, the Maddox rod, or a vertical prism. Commonly, two visual
conditions can be found during the evaluation of the phoria state of a patient: a high or a low
tonic vergence, known as esophoria and exophoria [1,2]. The binocular state can be affected by the
ability of the visual system to compensate the magnitude of exophoria, or esophoria measured during
the evaluation, by interrupting the sensorimotor balance and its performance [3]. Our ability to
perceive the three-dimensional space, ocular movements, vergence flexibility, relationship between
the accommodation and vergence system, visual-motor integration skills etc., can be affected by the
phoria state [4]. High magnitude of phorias can result in tropias (strabismus, such as exo or esotropia),
being diplopia the first symptom of the decompensated phoria state [5,6]. Doble vision occurs as the
visual cortex cannot suppress the image of the deviated eye immediately, which results in constant
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suppression as the best visual-cortical adaptation to avoid diplopia [7]. Research suggests that the
phoria levels can change throughout the day, depending on the amount of effort on a sustained
visual task and that cerebellar cortex mediates the phoria adaptation and some aspects of learning [8].
Therefore, its assessments, becomes critical, even more in children, where the neural plasticity allows
rapid visual-cortical adaptations and their neurological development is influenced by the environment
and the context they live in [9]. In the field of visual health professionals, different clinical techniques
exist to quantify the magnitude of the phoria in free space at distance and near. This research, compared
the dissociated phoria state at near and distance fixation in free space, using three different techniques:
the Howell test, alternate Cover test and Thorington test. Each of these techniques presents a different
degree of dissociation, being Howell, the least disruptive test [2]. To evaluate the horizontal phoria,
for the Howell test, a vertical prism is used to disrupt binocularity, a translucent occluder is needed
for the alternate cover test and a red Maddox rod for the Thorington test. To find differences and
similarities among them, the gathered data about the magnitude of phorias at distance and near was
statistically analyzed and compared. Previous studies on the comparison of near-dissociated phoria
state in free space exist, but Howell test was not included in any of them [10-12]. The Thorington test
which has been compared to the alternate Cover test, von Graefe technique, and Maddox test, is not
interchangeable with any of them, and any relationships found, were from medium to low [11,12].

Moreover, the above-mentioned studies have been performed in adults, whereas our sample
consisted of 220 healthy children, mean age 8.3 & 2.5 years. Additionally, in this research, a complete
visual efficacy exam was performed and data about the degree of stereopsis, break, and recovery of the
near point of convergence, visual acuity at distance and near, refractive status and flat fusion at both
distances were also analyzed. A detailed statistical analysis on the visual performance of participants
was carried out, and the interaction among variables made possible a better understanding of the
binocular efficacy and the sensorimotor balance at early age.

2. Methodology

This research, compared the dissociated phoria state at near and distance fixation in free space,
using three different techniques: the Howell test, alternate Cover test and Thorington test. A total
of 220 healthy patients from Querétaro, México, participated in this study: 132 boys (60%) and 88
girls (40%), mean age 8.3 & 2.5 years. Patients with strabismus, amblyopia, ocular pathologies,
neurological conditions, Central Nervous System disorders (CNS), premature and under medication,
were excluded from the study. The absence of strabismus was confirmed with the unilateral Cover test.
The visual efficacy exam was performed at Brain Vision & Learning Center and data were collected by
the same doctor. The number of patients was calculated based on the number of participants who met
the inclusion criteria and decided to participate. The study was conducted according to the guidelines
of the Declaration of Helsinki and the informed consent form was signed from all parents before
starting any procedure.

Inclusion criteria:

(i) ageb.06t017.11

(i) VA > 0.3logMar
(iii) no previous visual treatments
(iv) nosymptoms of visual distress.

The evaluation followed three steps:

Step one: detailed personal medical history of the patient and their family background.

Step two: determine the best optical prescription under the cycloplegic effect of 1% tropicamide
[13] , and subjective refraction afterwards.

Step three: Evaluate the visual efficacy with the new prescription using the following motor and
sensorial tests:
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(1)  Visual acuity at 40 cm and 3 m using Bailey-Lovely charts (logMar).

(2) Stereopsis at 40 cm using the Random-Dot 2 test which goes from 500 (gross) to 12.5 (fine)
seconds of arc.

(3) Howell test at 33 cm and 3 m using the Howell phoria card and a 6 base down prism in
front of the right eye.

(4) Alternate Cover Test using a translucid occluder: at near fixation (40 cm) using a 20/30
single letter on the Gulden fixation stick, and at distance (3 m), by isolating a 20/30 letter
on the distance visual acuity chart.

(5) Thorington test at 40 cm and 3 m holding a Maddox rod (with its horizontal axis) in front
of the right eye and the penlight against the back of the card.

(6)  Worth dot test at 33 cm and 3 m respectively to evaluate flat fusion and suppression.

(7)  Near point of convergence test (NPC) and its recovery, using an accommodative target
(four repetitions in total) and its mean value was recorded as the final one.

(8) Monocular estimated method retinoscopy at 40 cm (MEM) using the appropriate card
based on the age and grade level of the patient.

As stated above, the phoria state at distance and near fixation was determined using three
different techniques in free space. All tests were performed by the same examiner, Dr. Danjela
Ibrahimi, specialist in vision and child development. The assessment of phorias at distance and near
fixation using the three techniques is explained below:

Howell Test:

This is the least dissociative test. Two cards were used to measure the phoria state at distance and
near fixation, under normal light conditions (purchased by Bernell corporation). The patient held
a vertical prism of 6 dpt in front of the right eye, which provoked double vision. The participant
reported the number aimed by the arrow, which represented its horizontal phoria. Direction and
magnitude were recorded.

Alternate Cover Test:

Doctor and patient sited in front of each other. To avoid the influence of proprioception
on the result, the near fixation stick was held by the doctor’s assistant, while the patient was
asked to keep the 20/30 letter on the stick clear while the doctor performed the alternate cover
test. To avoid deep binocular dissociation, a translucent occluder was used. Neutralization of the
eye movement was reached using a prism bar in front of the right eye of the patient. The prism
value and the base direction were recorded. For the phoria state at distance fixation, a 20/30 letter
was isolated on the distance acuity visual chart and the same procedure as at near fixation was followed.

Thorington Test:

This is the most dissociative test. To measure the phoria state at distance and near fixation,
the Bernell muscle imbalance measure cards were used (for distance and near), under normal light
conditions. Therefore, the obtained results correspond to the natural binocular state of participants.
The participant held a Maddox rod (with its horizontal axis) in front of the right eye while the doctor
placed the penlight to the central small hole of the card. The participant reported the number on the
card through which the red streak appeared to pass, and these values represented the horizontal phoria
in prism diopters. The direction and the magnitude of the phoria were then recorded for both distances.
The motor and sensorial test used in this research have already been standardized and accepted by the
scientific community of optometry and ophthalmology and can be found described in detail in [2].
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Statistical analysis

To detect statistically significant differences between the analyzed variables, parametric and
non-parametric tests were performed using the SPSS Statistics Base 25.0 program. The normality of
data distribution was checked with Shapiro-Wilk (5-W) test. The confidence level (CI) used in this
study was 95%, with & = 0.05. The Paired-Samples T-Test was used to compare the means of two
variables for a single group in normally distributed data, whereas the Wilcoxon signed-rank test in
non-normally distributed population. The independent Samples t-Test was carried out to analyze the
means of two independent groups to determine their statistical differences when data was normally
distributed, and the Mann-Whitney test for the non-normally distributed data. The regression analysis
was performed when the relationship between one dependent and one or more independent variables
was analyzed. The correlation power was analyzed using the Pearson and Spearman tests, as defined
by the data distribution.

3. Results

From the total of 220 patients, 132 were boys (60%) and 88 girls (40%), where 181 had exophoria
(82.3%) and 39 presented esophoria (17.7%). 91 patients were hyperopic (41.4%) and 21 myopic (9.6%)
with or without astigmatism, 11 patients had pure astigmatism (5%), whereas 97 patients didn "t have
any refractive error (44%). 214 participants had flat fusion (evaluated using the Worth dot test) at
distance fixation (97.3%) and only 6 patients presented diplopia (2.7%), while at near fixation, flat
fusion was presented in 199 participants (90.5%), 20 had diplopia (9%) and only 1 child showed
suppression of one eye (0.5%).

1. Descriptive statistics and analysis based on gender.

Gender did not relate to the visual acuity or stereopsis. Nor the amount of phorias measured
through the alternate Cover test, Howell and Thorington at near and distance fixation showed
statistically significant differences between male and female participants. Differences on the refractive
status of patients were only significant for the hyperopia, being girls more hyperopic than boys.
The independent sample t-Test was used to analyze differences between groups based on gender,
but for the esophoria state, myopia, and astigmatism, where the analysis was performed using the
Mann-Whitney test. Table 1 illustrates the mean value, standard deviation (Std), and p-value of the
analyzed variables based on gender. The break and recovery of the NPC is not included in this table as
it is analyzed separately.

2. Comparison of the magnitude of phorias at near and distance,
measured through the alternate Cover test, Howell and Thorington test.

The Paired-Samples T-test was performed to analyze differences between the obtained
measurements through the alternate Cover test, Howell and Thorington for XF, whereas, Wilcoxon
for EF, considering the data distribution analyzed by Shapiro-Wilk. The alternate Cover test was
compared to Howell and posteriorly to Thorington test. On a second phase, the Howell test was
compared to Thorington. Table 2 presents the results of the statistical analysis. Statistically significant
differences were obtained from each test used, as seen in Table 2, but for the esophoria state at far
when measured through the Howell and Thorington test. The highest phoria values were obtained by
the alternate Cover test, whereas the lowest ones, by the Howell test, being these differences more
noticeable at near fixation. The biggest difference was found on the magnitude of exophoria measured
at near fixation by the alternate Cover and Howell test. The minor difference, however, was seen on
the magnitude of esophoria at distance fixation as defined by the alternate Cover and Howell test.
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Table 1. Descriptive statistics of the analyzed variables based on gender, where mean values, Std, and
p-values are presented.

Boys Girls p-Value Total
Variables Mean =+ Std Mean =+ Std Mean =+ Std
Age 79120 8.9 +3.1 0.006 83+25
VA ODF 0.04 + 0.07 0.04 £+ 0.08 0.94 0.04 £+ 0.07
VA OS F 0.04 £ 0.08 0.03 £ 0.07 0.47 0.04 £ 0.07
VA ODN 0.05 £+ 0.07 0.06 £+ 0.08 0.28 0.05 £+ 0.08
VA OSN 0.06 0.1 0.05 £+ 0.08 0.69 0.06 &= 0.09
Stereopsis 32.36 +£14.82  33.61+ 16.39 0.56 32.86 + 15.45
EFFCT/H/TH 2.65+2.55 3.38 4+ 3.07 >0.05 2.95 4+ 2.76
1.96 £+ 1.60 213 +1.75 2.03 +1.64
1.78 £1.20 1.88 £ 1.63 1.82 £1.37
EFNCT/H/TH 8.74 +4.11 9.25 4+ 3.92 >0.05 8.95 + 3.99
5.75 4+ 3.17 5.38 4+ 3.03 5.6 + 3.08
7.09 4+ 2.95 7.56 +2.78 7.28 + 2.86
XFFCT/H/TH 2.11+£2.59 211 +£2.62 >0.05 211+26
1.14 +1.47 1.01 £ 1.46 1.09 £+ 1.46
1.39 £ 1.44 1.26 £ 1.36 1.34 £1.41
XFNCT/H/TH 10.81 + 5.04 10.79 4+ 4.54 >0.05 10.8 £ 4.8
5.76 + 3.44 5.49 4+ 3.34 5.6 & 3.39
8.5 +3.97 8.08 £ 3.65 8.34 £ 3.84
Stereopsis 32.36 +14.82  33.61 +16.4 0.56 32.86 + 15.45
Myopia OD —1.48 4+ 0.96 -2.56 £ 2.12 0.23 —1.89 + 1.56
Myopia OS —1524+093 —225+1.76 0.38 —-1.84+1.32
Hyperopia OD 0.88 4+ 0.43 1.39 £ 1.61 0.03 1.12 +1.17
Hyperopia OS 0.84 04 149 +£1.77 0.02 1.15+1.29
Astigmatism OD  —0.86 =144 —1.45+1.29 0.14 —1.15 +1.39
Astigmatism OS —098+129 —1.58+1.41 0.2 —1.29 +1.38

Table 2. Phoria tests comparison using the Paired-Sample T-test and Wilcoxon test at distance and near
fixation, where t, z and p-value reflects the differences/similarities between them.

Tests Compared t-Value / z-Value  p-Value
XFFCT/H&EFFCT/H 84 &3.14 <0.001 & 0.002
XFFCT/TH&EFFCT/TH 6.1 &3.88 <0.001 & <0.001
XFFH/TH & EFFH/TH —2.93 & 1.16 0.004 & 0.25
XENCT/H & EFN CT/H 23.22 & 5.55 <0.001 & <0.001
XENCT/TH&EFNCT/TH 12.68 & 4.67 <0.001 & <0.001
XFN H/TH & EF N H/TH —12.73 & —4.76  <0.001 & <0.001

3. Correlations among the phoria tests used to determine the most similar ones.

To find out, which tests have more similarities between them, and which one is the best to use
at which distance or under which phoria conditions, the correlation analysis was performed. To
statistically determine the correlations on the phoria values obtained at near and distance fixation
through the alternate Cover test, Thorington and Howell test, Pearson and Spearman correlation
analysis was carried out, based on the normality of data distribution as confirmed by Shapiro-Wilk
analysis. Refer to Table 3a,b.


https://doi.org/10.20944/preprints202304.0725.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 April 2023

doi:10.20944/preprints202304.0725.v1

6 of 17

Table 3. (a,b). Illustrates the correlations found between the phoria tests used at near and distance
fixation. Pearson correlations was used for XF and Spearman for EF, based on the normality of data
distribution. Strongest correlations were found for values obtained through the alternate Cover test
and Thorington, but for XF at far (a). Thorington and Howell test, showed stronger correlations for EF

but not for XF (b).
CORRELATIONS
Pearson XF at near Howell XF at near Thorington
XF at near CT 0.79 0.85
XF at far CT 0.82 0.81
Spearman EF at near Howell EF at near Thorington
EF at near CT 0.91 0.92
EF at far CT 0.81 0.88
(a)
CORRELATIONS
Pearson XF at near Howell XF at far Howell
XF at near Thorington 0.68 -
XF at far Thorington - 0.65
Spearman EF at near Howell EF at far Howell
EF at near Thorington 0.84 -
EF at far Thorington - 0.75

(b)

Despite their different way of dissociation to determine the phoria state at distance and near
fixation, some important correlations were found between them. In patients with exophoria, at near,
similar values can be obtained by Thorington and alternate Cover test, whereas at far, by Howell
and alternate Cover test. Thorington and Howell, however, show bigger differences on the obtained
values. The same pattern was found in patients with esophoria, where the alternate Cover test and
Thorington relate to each other more significantly than Howell and Thorington. However, Thorington
and Howell test, present a strong correlation when quantifying the magnitude of esophoria at near
fixation. Scatterplots to represent these correlations were created only for the phoria state at near,
being the most important one, as it relates to the stereopsis degree. See Figures 1-4.

4. Regression analysis to determine variables that could predict the degree of stereopsis.

The regression analysis was performed to determine which variables could predict the degree of
stereopsis. A new variable was introduced in this phase, the break of NPC, being this one related to
the vergence state of patients. From the performed analysis, only the exophoria state at near and the
break of NPC were related to the stereopsis value. The esophoric state was not related to the degree of
stereopsis. The predictive models for every phoria test used and the break of NPC are presented in
Table 4.

Table 4. Illustrates the Mean value and Std for the stereopsis degree and the break of NPC, based
on age-groups. The p and F-values are represented to show the differences among them and their
statistical significance.

STEREOPSIS
Standardized t-Value p-Value R-Value Adjusted F-Value
Beta-Value R Square
Break of NPC 0.46 7.6 <0.001 0.46 0.21 57.39
XF Near Cover Test 0.4 59 <0.001 0.4 0.16 34.95
XF Near Howell 0.44 6.46 <0.001 0.43 0.19 41.78
XF Near Thorington 0.27 3.76 <0.001 0.27 0.07 14.12
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Figure 1. Correlation state between phoria tests used at near fixation. In blue color is represented the
correlation state of exophoria at near measured through the alternate Cover test and Howell (R? =
0.618), whereas in red, the one between the alternate Cover test and Thorington (R% = 0.715). As it can
be shown by the graphical representation, the values obtained through the alternate Cover test are
more like Thorington than Howell test.
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Figure 2. Correlation state between phoria tests used at near distance. In blue color is represented
the correlation state of esophoria at near measured through the alternate Cover test and Howell (R* =
0.850), whereas in red, the one between alternate Cover test and Thorington (R2 =0.902). As it can be
shown by the graphical representation, the values obtained through the alternate Cover test are more
like Thorington than Howell test.
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Figure 3. Represent the correlation between the Howell and Thorington test, for the esophoria state
measured at near fixation, where (R2 = 0.778).
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Figure 4. Represent the correlation between the Howell and Thorington test, for the exophoria state
measured at near, where (R? = 0.462).

Table 4 shows that the strongest predictive variable for the stereopsis degree is the break of NPC,
followed by the near exophoria state measured through the Howell test, alternate Cover test and
Thorington test as the last one. Figures 5 and 6 illustrate the strongest correlations found using the
regression analysis.
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Figure 5. Illustrates the correlation found between the stereopsis degree and the break of NPC, where
R? =0.208.
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Figure 6. Illustrates the correlation found between the stereopsis degree and the exophoria state at
near measured using the Howell test, where R? = 0.189.

The relationship between the break of NPC and its recovery was also analyzed, where the Pearson
correlation coefficient was of 0.96 and R2 = 0.916. This means that break and recovery are proportional
to each other, as it is expected to be. Figure 7 shows this correlation.
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Figure 7. The correlation state between the break and recovery of NPC, where R? = 0.916.

5. Statistical analysis of the stereopsis degree, phoria state and the break of NPC
based on age.

Three age-groups were created to analyze the phoria state, stereopsis, and break of NPC, as
follows: 1st group 5.06 to 8.00 (62 patients, 28.2%); 2nd group 8.01 to 11.00 (111 patients, 50.5%), and
3rd group 11.01 to 17.11 (47 patients, 21.4%). The One-Way Anova Test was used to analyze and
compare the means among the three groups. The Levene test of homogeneity of variances showed
p-values greater than .05, suggesting that variances among groups, were not significantly different.
The Tuckey HSD was used for multiple comparison. Results from the analysis of stereopsis and break
of NPC are presented in Table 5. Figures 8 and 9, represent the mean value and Std for the stereopsis
degree and the break value of NPC as a dependent variable of age.

When it comes to the phoria state, age was not related to its magnitude. More specifically, taking
as a reference the alternate Cover test (the most used technique in the clinical practice of optometrists
and ophthalmologists to evaluate the phoria state), p = 0.19 and 0.11 for the XF value at distance and
near fixation, whereas for EF, p = 0.51 and 0.92 for distance and near respectively.

Table 5. Illustrates the Mean value and Std for the stereopsis degree and the break of NPC, based
on age-groups. The p and F-values are represented to show the differences among them and their
statistical significance.

Grou Stereopsis Break Compared p-Value F-Value p-Value

P Mean + Std Mean + Std  Groups Stereo/Break Stereo/Break Stereo/Break
1 4049 £1646 685+684 1/2 <0.001/0.04  11.63 / 4.99 <0.001/0.008
2 2957 £13.62 458+£539 1/3 0.002/0.91
3 30.57 £ 1494 732+555 2/3 0.92/0.02
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Figure 8. Mean stereopsis value as defined by age. Significant differences can be appreciated when
the first group is compared to the other two. The biggest difference was found between the first and
second group. No statistically differences were found between the second and third group. Higher
stereopsis degree is measured in the second group and lower in the first one.
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Figure 9. Mean break value of NPC as defined by age, where the second group obtained the lowest
value and the third the highest one. Statistically significant differences can be appreciated when the
second group is compared to the first and third one. The biggest difference was found between the
mean break value of the second and third group. No differences were presented between the first and

third group.
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Figure 10. The mean stereopsis degree as a dependent variable of the break value of NPC, where the
third group (break of 11-25 cm) obtained the lowest value and the first one (break of 0-5 cm), the
highest one. Statistically significant differences can be appreciated when the third group is compared
to the first and second one. No differences were presented between the first and second group.

6. Statistical analysis of the stereopsis degree and phoria state based on the
break value of NPC.

The break of NPC was divided into three groups as follows: the 1st group included all participants
with a break from 0-5 cm (122 patients, 55.5%); the 2nd group was composed by participants with
a break from 6-10 cm (55 patients, 25%), and the 3rd one, had a break from 11-25 cm (43 patients,
19.5%). The phoria state and stereopsis degree was analyzed based on the break value of the NPC.
Break values within the 10 cm range, are considered the norm.

As it can be seen by Table 6, significant differences were found when the third group (break of
NPC 11-25 cm), was compared to the first and second one. When the break value does not exceed the
10 cm range, is considered within normal limits. Therefore, patients with a break beyond it, present
diminished degree of stereopsis. No statistically significant differences were found when group one
and two were compared, as both have a break value withing normal ranges.

Table 6. Illustrates the Mean value and Std for the stereopsis degree, based on the break value. The p
and F-values are represented to show the differences among them and their statistical significance.

Grou Stereopsis Compared p-Value F-Value p-Value
P Mean + Std Groups

1 28.59 £+ 12.56 1/2 0.51 30.14 <0.001

2 31.06 £12.31 1/3 <0.001

3 47.29 £18.01 2/3 <0.001

A total of 181 participants presented exophoria at near and distance fixation. From the total, 91
formed the first group (50.3%), 47 the second (26%) and 43 the third one (23.7%). Results from the
One-Way Anova analysis are illustrated at Table 7. Patients with esophoria could not be analyzed
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considering the small sample, which divided into groups, could not be representative. Figure 11
represents the mean value and Std of the exophoria state at near fixation only (as presenting stronger
correlation), as a dependent variable of the break value of NPC. Higher break value (worse) is related
to higher magnitude of exophoria (worse) at distance and near fixation.

Table 7. Illustrates the Mean value and Std for the exophoria state at distance and near, as a dependent
variable of the break value of NPC. The p and F-values are represented to show the differences among

them and their statistical significance.

Group XF at Distance XF at Near Compared p-Value F-Value p-Value
Mean + Std Mean + Std  Groups XF D/N XF D/N XF D/N

1 1.71+24 94+44 1/2 0.99/0.62 7.99/20.68 <0.001
2 1.66 £2.3 10.1 £3.9 1/3 0.001/<0.001
3 344 4+29 145 +47 2/3 0.003/<0.001
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Figure 11. The exophoria state at near as a dependent variable of the break value of NPC, where the
third group (break of 11-25 cm) obtained the highest value and the first one (break of 0-5 cm), the
lowest one. Statistically significant differences can be appreciated when the third group is compared to
the first and second one. No differences were presented between the first and second group.

4. Discussion

The visual system is the most important sensory modality for reading and visual-guided motor
movement are crucial for writing [14,15], therefore, its assessment becomes essential since early age,
as brain networks are in development and the cortical plasticity facilitates any new oculomotor
and procedural learning [16]. The visual system is composed by fundamental elements such as the
accommodation and vergence system, phoria state, flat fusion and depth perception, oculomotricity etc
[2]. All these components are related to each other and have a direct influence on some aspects of the
academic learning, as binocular dysfunction, have been found in children with learning difficulties [3].
The phoria state which describes the latent deviation of the visual axes, provoked when binocularity
is disrupted, and both eyes are no longer collaborating [17], was analyzed in this research. Different
areas of the brain are associated with the control of the phoria state and its adaptation levels [18,19].
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Its frequent changes throughout the day as result of the sustained fixation and high visual-attention
during near distance work [20], the introduction of electronic devices since an early age and the near
visual task increase, make the analysis of the phoria state necessary. Different techniques, from more
to less disruptive, exist to quantify the magnitude of heterophorias in free space at distance and near
fixation [10-12]. In this research, three different techniques were used for this purpose: the Howell
test, alternate Cover test and Thorington test. It is the first time that the Howell technique is compared
to the other two, on a sample of children. The Howell test is considered the least disruptive one, as it
requires a vertical prism to provoke diplopia and quantify the horizontal phoria. For the Cover test, a
translucent occluder was used instead to disrupt the binocular fusion and elicit the phoria response.
Thorington test, is considered the most disruptive technique, as it uses a red Maddox rod to dissociate
binocularity and provoke a response from the visual system. After analyzing and comparing the three
techniques using the Paired-Sample T-test and Wilcoxon test, different results were obtained from
each one. Literature shows that similar results have been found when the Thorington and alternate
Cover test has been compared, being these studies conducted in adults and other ethnicities [10-12].
However, the highest phoria values were obtained by the alternate Cover test, whereas the lowest ones,
by the Howell test, being these differences more noticeable at near fixation. The biggest difference was
found on the magnitude of exophoria at near fixation as defined by the alternate Cover and Howell
test, whereas, the minor difference, was seen on the amount of esophoria measured at distance fixation
by the alternate Cover and Howell test.

When assessing the phoria state of the participants, it was expected that the level of dissociation
would affect the magnitude of the horizontal phoria measured at near and distance fixation. Therefore,
data obtained by the Thorington technique (the most disruptive test), should have been higher than
the ones measured using the alternate Cover test (where a translucent occluder was used to decrease
its level of dissociation). Nonetheless, the magnitude of horizontal phorias quantified by the alternate
Cover test were the highest in value. These results could be derived from their different ways of
dissociation. Additionally, the alternate cover test is a more objective technique, as the examiner
determines the magnitude of the deviation without any verbal participation of the patients. On
the contrary, the Thorington and Howell tests, are more subjective techniques, where the verbal
collaboration of the patient is essential. Despite their differences, Pearson, and Spearman correlation
analysis, showed some significant correlations among them, being those stronger at near than distance
fixation. For patients with exophoria or esophoria at near, the alternate Cover test and Thorington
provide similar values, so the examiner could use only one of them to determine the magnitude of
the heterophoria. If examining the exophoria state at distance, the alternate Cover and Howell test
are similar, whereas for the esophoria, the alternate Cover and Thorington give similar results. The
results show that the alternate Cover and Thorington test, despite their different ways of dissociation,
can substitute one another, whereas the Howell test, cannot be interchangeable with the other two.
The different way of dissociation this test uses, can be related to the obtained results. The important
question here would be which one is better than the other or on which one should the examiner rely on.
To answer it, it is crucial to review the medical history of the patient and relate the clinical findings with
signs and symptoms he reports. As a clinician, the closer the used technique is to the natural binocular
state of the patient, the most reliable the gather data are. When we break fusion by using dissociative
techniques to quantify the phoria state of the patient, the gathered data inform the examiner about
the fragility of the visual system, its adaptability to the changes on the levels of sustained attention
and its flexibility [4]. When the repeatability between measures is high and consistent under different
levels of dissociation, the visual system is considered stable and balanced. An easily dissociable
visual system is a fragile one, where a high magnitude of phoria, often followed by accommodative
and vergence dysfunction cannot longer be compensated [21]. Visual health professionals should
choose the used techniques for evaluation based on the best interest of the patient and its needs. All
these different methods of phoria measurements are useful, and have their own scope, which could
provide us with the best diagnosis and the most adequate treatment when necessary. The second part
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of the statistical analysis focused on the interaction among variables such as the stereopsis degree,
magnitude/direction of phorias, and break/recovery of the near point of convergence to predict the
levels of binocularity of participants. The regression analysis showed that the break of NPC and
the exophoria state at near fixation are the only predictors for the degree of stereopsis, being their
predictive models similar between them. These results are due to the relationship between the break of
NPC and magnitude of exophoria, where the One-Way Anova analysis showed that participants with
higher break values (worse break values), presented higher magnitude of exophoria at near fixation
(worse exophoria state). Same results were obtained for the degree of stereopsis. Worse stereopsis
(lower values) was presented by patients with higher magnitude of exophoria. These results are
in concordance with the neurophysiology of the visual system and its performance. Patients with
binocular dysfunction such as convergence insufficiency (high break values and recovery of NPC),
accommodative problems, vergence flexibility, etc., are followed by diminished degree of stereopsis
and poorer visual performance [22]. When the magnitude of phorias was analyzed according to age,
no statistically significant results were obtained. Therefore, the phoria state of children up to 5.06
years and older is expected to be similar. A previous study on adults and children showed that the
obtained values for phorias at each viewing distance were similar in both groups [23], which make
our results comparable to existing research. Nevertheless, age affected the break value of NPC and
stereopsis degree. Participant between 8.01 to 11.00 years (the 2nd group), had the best stereopsis
degree and the lowest break value of NPC. Our hypothesis here is that younger children (participants
of the 1st group), could have less control on their visual system, and older ones (3rd group), could
have a more stressed visual system, as the levels of sustained visual attention and near work tasks
increase with age, affecting posture, ocular movement control and components of the binocular system
[24,25]. Through this research, we aimed to prove that different way of dissociation when assessing the
phoria state of a patient, could affect the obtained results. Indeed, the less dissociative and disruptive
the used technique is, the lower the measured values are, as the quantification of the magnitude of
phorias, is made under more natural condition. Additionally, by analyzing the crucial components
of the visual system associated with the binocular state, visual health professionals could predict the
interaction among them and the impact they could have on the sensorimotor balance of the visual
sensory modality.

5. Conclusions

This research, compared the dissociated phoria state at near and distance fixation in free space,
using three different techniques: the Howell test, alternate Cover test and Thorington test. A total of
220 healthy Mexican children from Querétaro, 5.06 to 17.11 years of age, participated in this study.
The magnitude of phorias at both distances was quantified using each of the tests, starting from the
least to the most disruptive one. The degree of stereopsis, break, and recovery value of the near point
of convergence were also analyzed to understand the interaction among them and their impact on
the sensorimotor balance of the visual system. From the total, 82.3% presented exophoria against
17.7% with esophoria. Likewise, 41.4% were hyperopic, against 9.6% who had myopia. Parametric and
non-parametric statistics using the SPSS Statistics Base 25.0, showed that for patients with exophoria
or esophoria at near, the alternate Cover test and Thorington provide similar values. If examining
the exophoria state at distance, the alternate Cover and Howell test are similar, whereas for the
esophoria, the alternate Cover and Thorington give similar results. The biggest difference is found on
the magnitude of exophoria measured at near fixation by the alternate Cover and Howell test. The
minor difference, however, is seen on the magnitude of esophoria at distance fixation as defined by
the alternate Cover and Howell test. The break value and the magnitude of exophoria at near can
predict the stereopsis degree. The break value is related to the magnitude of exophoria and the degree
of stereopsis; higher break value, worse exophoria state and lower stereopsis. Gender does not relate
to any variable, whereas age, is associated with the degree of stereopsis and the break of NPC. Age
does not relate to the magnitude of phorias. The statistical analysis showed that the alternate Cover
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and Thorington test, despite their different ways of dissociation, can substitute one another, whereas
the Howell test, cannot be interchangeable with the other two. The different way of dissociation this
test uses, can be related to the obtained results. By analyzing the essential elements of the binocular
visual system, can help professionals determine the interaction among them and their impact on its
sensorimotor balance.

Abbreviations

The following abbreviations are used in this manuscript:

CT Cover test

EF esophoria

F far

H Howell

N near

NPC near point of convergence
oD oculus dexter

oS oculus sinister

Std standard deviation.

TH Thorington

t-value  t-value of Paired Samples T-test for XF
VA visual acuity

XF exophoria

z-value z-value of Wilcoxon Test for EFk
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