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Fig. 1. Mean and standard errors of accommodative responses

by additions in phorias.
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Table 1. Mean and standard deviations of accommodative responses and deviation by additions in phorias
Phoria Exophoria (M=* SD) Orthophoria (M+SD) Esophoria (M=* SD)
Addition | AS AR Deviation AR Deviation AR Deviation
(D) (D) () (D) (A) (D) (A)
+3.00 -0.50 0.35£0.43 -16.16+4.72 0.13£0.44 -12.88+2.39 —0.04£0.39 -7.50+£2.37
+2.00 0.50 0.50+0.36 -15.52£2.56 0.30£0.34 -9.73+£2.14 0.23+0.24 -5.41£2.65
+1.00 1.50 1.27£0.33 —13.38£2.90 0.99+0.35 -7.13£2.12 0.97£0.24 -1.49+£2.34
0 2.50 1.92£0.26 -11.31£3.00 1.72£0.26 -3.27+1.86 1.62£0.42 4.88+2.69
-1.00 3.50 2.65+0.36 —7.21£3.82 2.2940.50 0.35+2.70 2.17£0.62 8.75+4.52
-2.00 4.50 3.26£0.40 -4.33+£4.19 3.15£0.73 3.58+4.69 3.06£0.92 12.43+5.90
-3.00 5.50 4.14£0.51 -1.02£5.31 3.73£0.91 6.88+£5.85 3.57+1.24 15.74£8.34
AS : accommodative stimulus, AR : accommodative response
M= SD : Mean= Standard Deviation, (-) : exophoria, (+) : esophoria
o7 ZAWg o] A Vet /HA=E (o) Wk B
= S90S w, 9N 1Ee) 2Nk WslEe] 222D || 2 S At

2 A9 1F 2.01 D, WA I 1.95 DEY ZA UE
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Fig. 2. Mean and standard errors of near horizontal phoria by
accommodative stimulus and accommodative response.
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Feke] ofgo] AX AL A=l tigh -8 o] A
Al F}. REZ WARIR] A, AFIE BATsH] 180
s AASHA =Y wo] WS Ha A @ w2
ABEke] ofglo] X AL A=l tigh -8 o] A
A HE Aoz AtgHrhlsnl
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Fig. 32 ZF A9 2598 7F)dl =0 wE A5 AC/AR
o} ¥h3- AC/ARIE UERH Zloltt. QALe] 7oM< A
= AC/AN|S} HE8- AC/AH]S] Z}o] HlnloA 2,00 D #
25 7H4stdS w7t &fel7t 1.72 ADE 7Y F AL,
+2.00 D A=E 7F48HAS w7} 2ke)7t 0.85 ADE 7HE
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Fig. 3. Comparison between stimulus AC/A ratio and response
AC/A ratio by additions in phorias.

27 YeRTh -1.00D, -2.00D W25 7F33819S o, 2+
7zt FAACE o3k Alol7t e Ao E YERTH A9
aFoME= +3.00 D A=2E 7HY3IES W7 A= AC/A
H] 9} Bk AC/AHY] 2}o)7} 1.44 ADE 71 ZAL, +2.00
D A=E 7}Y3HAS wo] xjo)7t 1.32 ADE 7 ZHA|
el oy BE 7l zolA 2tz FAIA R {3
2ol Gt WA 22 4E +1.00 D =S 71915}
QS w7} A= AC/ARISF HRS- AC/AHIS] Z}o)7) 3.43 AD
2 74 23, -3.00 D A=E 7FEES Wo] xjol7t

Table 2. Difference of stimulus AC/A ratio and response AC/A ratio by additions in phorias unit : (A/D)
Phoria Addition M SD Mean difference t/p-value
(D) Stimulus AC/A Response AC/A
+3.00 (a) 1.77£2.61 3.09+0.94 1.32 1.894/0.068
+2.00 (b) 2.11+1.01 2.96+1.15 0.85 1.652/0.109
o +1.00 (c) 2.07+0.87 3.18+1.81 111 1.751/0.090
-1.00 (d) 4.10+1.44 5.62+2.05 1.52° 2.068/0.047
-2.00 (e) 3.49+1.41 521+1.59 1.72" 2.152/0.040
-3.00 () 3.43+3.30 4.64+1.15 1.21 1.826/0.078
+3.00 (a) 3.20+0.82 4.64+1.12 1.44 1.932/0.062
+2.00 (b) 3.23+1.87 4.55+1.46 1.32 1.893/0.066
Ortho +1.00 (¢) 3.86+1.32 5.29+2.07 1.43 1.921/0.063
-1.00 (d) 3.62+1.74 4.95+2.40 1.33 1.899/0.066
-2.00 (e) 3.43+0.77 4.79+1.94 1.36 1.903/0.065
-3.00 () 3.65+1.57 5.05+3.44 1.40 1.912/0.064
+3.00 (a) 4.13£0.74 7.46+1.05 3.33" 16.336/0.000
+2.00 (b) 5.17+1.55 7.43+1.55 2.26 9.276/0.000
Eso +1.00 (¢) 6.37+2.18 9.80+2.02 3.43° 17.346/0.000
-1.00 (d) 3.87+3.09 7.04+2.33 3.17 12.274/0.000
-2.00 (e) 3.78+2.34 5244188 1.46 1.951/0.070
-3.00 () 3.62+2.50 5.05+3.15 1.43 1.922/0.074

*p<0.03, t : t-distribution in analysis of paired t-test
Exo : exophoria, Ortho : orthophoria, Eso : esophoria
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Table 3. Comparison between stimulus AC/A ratio and response AC/A ratio by addition in phorias unit : (A/D)
Phoria Addition M+ SD F/p-value LSD?

D) Stimulus AC/A | Response AC/A | Stimulus AC/A |Response AC/A [Stimulus AC/A |Response AC/A
+3.00 (a) 1.77+2.61 3.09+0.94
+2.00 (b) 2.11+1.01 2.96+1.15

Exo 190 © 207087 318+ 181 7.598/0.000° | 20.791/0.000° | d.e.f>ab.c d,e.f>ab.c
-1.00 (d) 4.10+1.44 5.62+2.05
—2.00 (e) 3.49+1.41 521+1.59
-3.00 () 3.43+3.30 4.64+1.15
+3.00 (a) 3.20+0.82 4.64+1.12
+2.00 (b) 3.23+1.87 4.55+1.46
Ortho Ho© 3862132 3294207 1.731/0.130 1.993/0.082 - -
-1.00 (d) 3.62+1.74 4.95+2.40
-2.00 (e) 3.43+0.77 479+ 1.94
-3.00 () 3.65+1.57 5.05+3.44
+3.00 (a) 4.13£0.74 7.46+1.05
+2.00 (b) 5.17+1.55 7.43+1.55
Eso Ho© 637+2.18 9.80£2.02 12.313/0.000° | 11.588/0.000" | b.c>ad.e.f c>ab.d>e.f

-1.00 (d) 3.87+3.09 7.04+2.33
—2.00 (e) 3.78+2.34 5.24+1.88
-3.00 () 3.62+2.50 5.05+3.15

*p<0.05, F : F-distribution in analysis of repeated measurement ANOVA

M= SD : Mean= Standard Deviation
Exo : exophoria, Ortho : orthophoria, Eso : esophoria
Least significant difference: multiple post hoc comparison

143 ADE 7% ZHAl YERS ™ +3.00 D, +2.00 D,
+1.00 D, -1.00 D A=E 7IJsI9S o), 22 SAF L
2 fFolgk 27t e AR YEt (+) A=E 7
RS w7t (-) AR 7HIEHAS W) Bk A= AC/AH]
9} kS AC/AHIY] o]z} AA YERTH Table 2). A=
AC/AR|9} BES- AC/ARIS] zpo|7} U= A& 227}
S NS 2ol - 1ol o3l LA s=
zlo] 2 LJAFR)e] A= FERIRIA (+) AM=ZE 71338}
A 7k o] Zo} TAT FHARIES] WSk} 2L, (-)
A=E 7HYdstd FFogo] AX ZAT FHAIES
Hsu] 7} 2H-REg-Fe] M| T F7) wiie] (-) 9
Z5 7H4EES W 1 Aok o & B g AZEnh 1
Hu PAL 2 A% (o) A=2E 7FJERE u 2o (+)
A=E 71T o JRAk g o] AX ZAT FHEAIES]
W7} o AR Wit o2 Al E

ZF ARSI 7Rl =l iE A= AC/AR] Q) B
AC/ARIZ BHE =4 ANOVARE £213F A3}(Table 3). £
AR g0l M) A= AC/ARIY] -, 7Fd#El= ~1.00 D
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£ 71913+ AC/ARI7} 4.10+ 1.44 ADE 7V =9k, 71
A= +3.00 D, +2.00 D, +1.00 D= 71931393 uf AC/AH]
7} Y31 —3.00 D, —-2.00 D, -1.00 D A=Z 7}YF3AS
ol AC/ARIZ} =4 eSO SAZ R o] x}o]
(p=0.000)7} A= AOoZ YERTE ¥He- AC/CHIY 79,
7F3E= —1.00 DE 7143 AC/AHIZ} 5.62+2.05 ADZ 7}
A =9k31 7} = +3.00 D, +2.00 D, +1.00 D= 713}
QS u) AC/ARIZ} ¥al -3.00 D, —2.00 D, —1.00 D A=
£ 7I48F9S Wl AC/ARIZE =4 YERseH SAHo =
gk 2k (p=0.0007} A= ASE YEPTH B9 15
ol X 245 AC/ARIS] A5, 7F) =] WE AC/AH
Atolel] BAHCZ gt 2ol (p=0.130)7} AL, WS-
AC/ARIE SAZH O o3t 2}1o](p=0.082)7} SAXATH A}
9 ZFANAMY A= AC/ARIY 7S, 7Hd = +1.00 D #
=Z 719]3F AC/AHI7} 6.37+2.18 ADZE 7P% =31, thS
©2 4200 D M=E 7} AC/ABIZ} 5.17£1.55 ADZ,
+3.00 D, —1.00 D, —2.00 D, -3.00 D A=E 7}t
o] AC/ARIS}T BAIZOE o3t 2] (p=0.000y} U= A

J Korean Ophthalmic Opt Soc.



350 oA 3], fr&4],

o2 yelgt) vkg- AC/AHIY] -, +1.00 DE 71)%
AC/ARI7} 9.804+2.02 ADE 7FF &=k, TR0 2 +3.00 D,
+2.00 D, -1.00 D AN=F 7})$ AC/A¥IZ} =41, -2.00D,
-3.00 D A=Z 71913 AC/ARIZ} WA YEhton zhz}
EAZHOZ ol X1o](p=0.000)7} Y= ASE e
TH(Table 3). o] 7Fd#A =0l u}2 2= AC/AB]9} HH-S-
AC/AY]E= QA9 A, (o) F=E 7Y 3RS w9
AC/AHIZ} ZA] YEPSTE o] Park?1e] Atell A =73
H 7Hdd =] 2 AAF AC/ARIAE FUE ARES
HATE ARIE 7H 3 3dRke] A, ol 2] = ol
() =5 71Q18Hd Fdduzdoe] frdsa = Qs
PAZAAZZTTY S7HE 7] witol AC/ARIZE =4 YE
o} vbd YARRel M= (+) AZRE 7FIEIRE we] AC/
ARIZ}F FA YERTE ol WARIE 71 3k -
, wo] WHS] o] (+) A=E 7FYsHE S48 24o]
FEEL 22 QA% SAFEYEFTE SV 7] Wil
AC/AHIZ} =7 JehE Aoz Alggdtll gejp=
Aol GRIAl AL = A Aol QARSI O] A= (-)
A=z HHE ZFoF AC/ARIE FL31aL ALY A
= () 922 YIS 95 AC/AHIE F &3 okt

SEERS D EL BRSO I
2 u), SRS 1] B9 E, WA TRR = U
Ehdch. ZMIAEE () PO HAL W, WS 1E
of AN MEFo] B9 1F, SIS IFRT =4

Hhg-F WskEo] S velyth 24T uhe bt
S WEEe () A=E IS W () A=F

ZHdskdE W 2o o 3laL, (), () 7Hd=e) =7t
FoPdE 2GS HshEo] Sol=e BES B
o Zh AR 2R AR mE 22 A
o] 71&71E SAHe] agolME (o) I=E 78IS o
7b () A=E 7HAES WEoh 24 Yebgar WAkl
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Purpose: The accommodative response and the near horizontal phoria were examined with additional spherical

power to analyze the stimulus and response AC/A ratios that suggest reference data for the binocular vision.
Methods: The open-field autorefractometer (Nvision-K 5001, Shin nippon) and modified thorington method
(MIM card; Muscle Imbalance Measure card, Bernell) at 40 cm were utilized to measure the accommodative

response and the near horizontal phoria for 81 persons (20.89+1.92 years old) with additional spherical power.
The stimulus and the response AC/A ratios were calculated by gradient AC/A method. Results: The exophoria

group showed the highest accommodative response (1.92+0.26 D) at 40 cm, followed by orthophoria group and
esophoria group(1.72+0.26 D and 1.6210.42 D, respectively) Meanwhile, the esophoria group showed the
biggest ocular deviation for the near (23.24 A) followed by the orthophoria group and exophoria group (19.76 A
and 15.14 A, respectively). The biggest difference of the stimulus and the response AC/A ratios was 1.72 A for
the exophoria group with —2.00 D, while the one was 3.43 A for the esophoria group with +1.00 D. There was a
significant difference between AC/A ratios for the exophoria group with —2.00 D, —1.00 D and the esophoria
group with +3.00 D, +2.00D, +1.00D and —1.00D. Conclusions: The difference between stimulus and response
AC/A was greater when increased minus spherical power for the exophoria group, while it was greater when
increased plus spherical power for the esophoria group. Furthermore, the difference for the esophoria group was a

greater than the one for the exophoria group.

Key words: Accommodative response, Near horizontal phoria, Gradient AC/A method, Stimulus AC/A ratio,

Response AC/A ratio
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