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Fig. 1. Developed new test target for quantity of phoria.
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(a) ()
Fig. 2. Perceived view of subjects (a) right eye, (b) left eye.
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Fig. 3. Diagram of phoria test apparatus.
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Table 1. Comparison between TEST A and TEST B as tests

in exophoria (Unit : A)
TEST A TEST B
p-values
(M=£SD) (M£SD)
Exophoria .
(total average) 245+244 | 2554245 | 0.054
3D Polarizing test | 2.11£2.36 | 2274232 | 0.083°
Thorington test 2.83+2.49 2.98+2.66 0.098"
Howell test 2424246 | 241+236 | 0.859

*0.05<p<1.00, Statistical significance was evaluated by paired T-
test.

Table 2. Comparison between TEST A and TEST B as tests

in orthophoria. (Unit : A)
TEST A TEST B
p-values
(M=£SD) (M£SD)
Orthophoria )
(total average) 0.29+0.60 0.15+0.75 | 0.110
3D Polarizing test | 0.35+0.49 0.14+0.96 0.411Y
Thorington test | 0244056 | 0.10+0.67 | 0.1377
Howell test 0.27+0.76 0.22+0.61 | 0.579"

1) Statistical significance of was evaluated by paired T-test.
2) Statistical significance of was evaluated by Wilcoxon Sign Rank.
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case of exophoria. (a) is result of this study, (b) is result
of preceding study.
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Table 3. Descriptive Statistics about phoria quantity at moment
separation and stable separation in exophoria

(Unit: A)

(exophoria) N  [Mean= S.D | Minimum | Maximum
Moment separation | 45 | 2.84+2.01 0.72 9.67
Stable separation 45 | 2004241 0.17 3.89

(on left-eye)

Table 4. Descriptive Statistics about phoria quantity at moment
separation and stable separation in orthophoria

(Unit: A)
(orthophoria) N | Mean*+ S.D | Minimum | Maximum
Moment separation | 21 | 0.74+1.12 -0.75 3.42
Stable separation 21 | 0.00+0.58 150 1.00

(on left-eye)
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oft
2,
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Me
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v 2

QA AE = 158S e E T2 4500 =1
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THTable 3).

Aol AgE= 7THE e R FES 210t} <=3t
) A RS Hit HYE 0.7 cmE 049 A0
Al Qg 2] AR 3t o]tk FRlolM = =3t
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3. ESEAALL st AA O ChEt =2t 222t A E &
2|0 HE AMplEe| SHH RelXt HA

BA A b ] AR 2RE A A E e
AR AA o] BAIA EAF Al 7EA] AR AAAPHOY thst
of 47} FAA EA4s AAlst

QqARR] O] 735, A ol theiA= -8 T-77 (paired
T-testyS 8IS 0™ Al 7FA] ARe] ZAARHol tha)] sE2
T 152 10~30 Ale]o]7] o] FR 2 X ~nj2eH 7
A (Kolmogorov-smirnov test)¥} Ak 2-9 = 717 (Shapiro-

0

Table 5. Comparison of phoria quantity at moment separation

and stable separation in exophoria (Unit: A)
(exophoria) Mome.nt Stabl'e p-values
separation separation
Thorington test | 3.2142.45 2.62+2.64 0.001"
Howell test 2.72+1.87 2.15+2.31 0.032°

"p<0.05, Statistical significance was evaluated by paired T-test.
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Table 6. Comparison of phoria quantity at moment separation

and stable separation in orthophoria (Unit: A)
. Moment Stable
(orthophoria) separation separation p-values
Thorington test | 0.37£0.69 | 0.04+0.41 0.498
Howell test 0.58+£0.87 | —0.02+0.24 0.043

"p<0.05, Statistical significance was evaluated by Wilcoxon Sign
Rank.

Table 7. Comparison of phoria quantity at moment separation
and stable separation in orthophoria (Unit: A)

.. Moment Stable
(3D polarizing test) separation separation p-values
Exophoria 2.59+1.73 1.83+£2.37 0.023*
Orthophoria 0.53+0.77 | —0.15%£0.51 0.225

"p<0.03, Statistical significance was evaluated by Wilcoxon Sign
Rank.

Table 8. Comparison of total average of phoria quantity at
moment separation and stable separation in exophoria

and orthophoria (Unit: A)
(total average) momer t Stablf.: p-values
separatlon separatlon
Exophoria 2.84+2.01 220+2.41 0.000"
Orthophoria 0.49+0.78 —-0.04£0.39 0.026"

"p<0.03, Statistical significance was evaluated by Wilcoxon Sign
Rank.
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Purpose: This is a comparative experimental study on the amount of phoria by the removal time of binocular
fusion. In this study, three tests were used for phoria test like Howell test, Thorington test and developed 3D
polarizing test. Methods: In this study, it was considered the removal time of binocular fusion for measuring
phoria. The three methods were used for measuring quantity of phoria: Howell test, Thorington test and
developed 3D Polarizing test. The measurements progressed quickly to avoid eye-strain. So we designed the test
charts for marking 3D display modules and the apparatus inserted lenses, like Maddox lens and prism, which are
compatible with three phoria tests. The phoria at the moment separation was measured when the binocular fusion
was broken through the apparatus and the that at the stable separation was measured when activity of the
separated two images like indicated box and figure on horizontal axis stopped. Results: There were statistically
significant difference between quantity of phoria at moment separation and that at stable separation. Amount of
phoria at moment separation was relatively larger than amount of that at stable separation. In result in exophoria,
the quantity of phoria at moment separation was higher than that at stable separation, and in phoria measured by
developed 3D polarizing test, it shows the similar results at two condition. Conclusions: For exophoria, the
amount of phoria at moment separation of binocular fusion was relatively larger than that at stable separation.
The amount of difference between phoria values at moment separation and that at stable separation was alike
among three phoria tests. Usually in working, there is no distinction between moment separation and stable
separation. But there were definitely the difference between two ways to separate binocular fusion. Therefore, it is
need for writing on prescription test name for measuring phoria and condition of separation of binocular fusion.

Key words: Phoria, Fusion, Binocular fusion, Removal fusion, Separation, Howell test, Thorington test, 3D
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