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o] oA TR tiste] #AHE JHE AFSHA Z=rh Standard
= 1 o= 1= o) Measurements Mean L Normal Range
stelete gate] A2 EAE A 4= v Table 1 Deviation
< A} 0|5 AT el 7P Bol ?J8H= Distance
Morgan ¥ 7S UERNTL QT §h8, 424=91 okt 3= Phoria 1 X 2 X 0-2 X
2 S BN ARETA HE BAAGe] g Do - - -
2 wgsly, o) FAA R Y& F o] AaEA A Base-in break 7 3 5~9
Fo] 9] e A7} P} o]geE )50 Panqu Base-in recovery 4 2 3~5
of{)j‘oﬂOﬂ_Q_ ]ﬁoi]/]'xl OLTJS_._I §]‘X]‘7]’ E}\‘I E__]_O]‘X] O]—O Base-out blur 9 4 7~11
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() = o) b= Ke) hyA o )
S OT?ﬂoﬂ e A X]ﬁ_i AHe-E A= Base-in recovery 13 5 10~16
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o] Q3R] oo} Auet xe|Eo] § g Atz & A Base-out break 21 6 18~24
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F 7R AZE g2 o E 59, ofd IRELS 2 F 40cm minus-to-blur -2.37 1.12 -1.75~+-3.00
3 FANAE 3717 ) A& o] me)E e Gradient ACA 4AID 2 35
o Z 5= v I ou IAREL 2L ZARNRE Z= Amplitude of 16-(0.25x +7.00D 16-(0.25xage)
) _ accommodation age) - +1.00D
A7) S8l 2 s e 28 S e 7] Wil
=20 A3 =0 Za)Alx - s X: distance exophoria, X': near exophoria Unit: Prism Diopter
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3) ZF2H(NPC) ¥ =HIE(NPA) X

FRHA] Alo]A] (Krimsky near point rule, Western Ophth-
almics, USAYE ol83le] Ex24 ) a8 2438
A}, T2aH 2 Ao|A 2 Ao AF W Qo
QXA 7L AN EE SR} FO 2 Jhjto] dle] o]
3120] o] 9A = AL #AAsly o] ARH =
F2A49 7|Fo 2 ¥T XA A= F=H-Y
(push-up)HS ZA-83te] S48 ARE A9 %0
A ) B 2AAGOR AT ZANEY FGL
Haslslr] 98l A &8 A= A& (first blur point)yS 7]
Foz St 292 33 ol W S FARS
FHsl== 3k

4) 272 X T2 Mgl T ZEM EFAC/AM|
ALt

21 -HI 2 HAMS AR E ER1E 3Exfol] tsted o]t
(dominant eye)°ll 3 2]F HH(Luneau prism bar set, Western
Opththalmics)E ™3l ¥AZ] 6m L ZAZ 40 cmoll A =
2] w7} A AKprism alternative cover testyS A A]3}
Rom, 33] o]} WHESA g $ SHE AAF HAZH
(objective deviation angle)'*S 7102 3l AL (hetero-
phoria 1)9] = SA3IAIL o] Zk& o]83t] AA} ]
EHoll o3t ﬁ]ﬂ'(calculated) AC/AYIE T35t A=k
(gradient) ©]-&Holl o3+ ZHA ZFH]|(accommodative
convergence/ accommodation ratio)S AlAFs}7] 13l o] %
F7FL2 40 cm 7ol thell 7 +1.00DF bl &
det $ = F w7t AANE AAISH AR (hetero-
phoria 2)9] %S WHE =AY AX AC/A Hl= o
/\1 (1)__ o]_Q_ ]_0:11;],

Calculated AC/A:

convergence demand of near target—Hd+Hn
stimulus to accommodation of near target

(M

o37]4], Hd: Distance heterophoria Hn: Near heterophoria
o131 Sk thste] £, UALSIS) A% g A
o}, A=z} o] &l 23k AC/AHIE= T2 4] (2)F A}
galsint.
Gradient AC/A:

heterophoria 2 —heterophoria 1
lens power(D)

()
5) O|&2S (vergence) EE
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Table 2. IPD, NPA, NPC, Acc and Convergence limit Findings

Mean S.D Maximum | Minimum
IPD 6291 mm| 2.78 72.00 57.00
NPA 1113 cem | 229 17.00 7.00
Acc. 9.35D 1.95 14.00 5.80
NPC 6.94A 2.34 14.00 4.00
Conﬁf;%fnce 68.61A | 13.82 97.00 37.12

IPD: inter-pupillary distance, NPA: near point of accommodation
Acc.: accommodation, NPC: near point of convergence

Table 3. Heterophoria Findings

Mean S.D
Distance Phoria 1.24A exophoria | 2.72
40 cm Phoria 2.70A exophoria| 4.91
40 cm +1.00D phoria | 6.62A exophoria | 4.53

Normal Range

0~3 exophoria

0~6 exophoria

4~8 exophoria

% 34* 7oA H 17D9] RSI2A ARk HiE 2H
£ 935+1.95D9] AT BYTt ABA TF2He H
“41 14 cmoll A 2 4cme] BIZ B ZF2HL 6.94

+2.34 cmo| AL, 7+ $kx}o] FFTE Aot et A
3 A7 Al Q) 13 mmol] =3 A =9} 2Ry 7te) ﬂ
22 14 mmE gsle] Al 25 s 2 24
Z 97.00A, FA 37.12A0.F Hi ZF3H|= 68.61A3
2 YEPgtH(Table 3).

2. 72| ¥ 2Hz2| Ar{Eat AC/AH]

2 F kS o]83kal 6m YAT] E 40 cm FA A
=73 A DA AR Table 49F 2T} 6 m 9A
2] AM RS I 1.24+2.72A A9 3E B, 2
Ag] AR LS 2.70+491A A olReoH, ZAE
40 cmol Al A +1.00D AZE 713 Aol A9 ALY
FE 6.62£4.53A9] 7S UEFATH(Table 4). AgAl o]&-
Holl &gt AL AC/AYE= Ht 5.16+1.35A/DY 3hs B
Fom, 40 cm AT tg W= (gradient) ©]-8-FHol
2J3k AC/A Y= 3.92+2.17A/D°] A THTable 5). AlXF AC/
A B9} A=z} o] & ol oJgk AC/A MY A=144+
1.76A2] LS R YT AC/ARIY] BRFd 2 BExs=

Table 4. Comparison of gradient and calculated AC/A ratios

Mean S.D Normal Range
Gradient AC/A ratio 3.92A/D 2.17 3~5
Calculated AC/A ratio| 5.16A/D 1.35 4~6
Proximal Convergence| 1.44A 1.76 -

J. Korean Oph. Opt. Soc.
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Table 8. Comparison of the expected values

ratio .
Normal Differ-
Low AC/A | 3A < Normal | 5A < High Measurements | Mean | S.D | oo oe | ences’
< 3A AC/A < 5A AC/A ,
Distance
Male 11 19 6 ) M 1 X 2 X 02 X
Phoria
Female 3 11 4 B 1 X 3 X 03 X
Total 14 30 10
S Base-in M - - -
Percent(%) 25.9 55.6 18.5 blur 5 - - -
i M 7 3 5~9
Table 6. Vergence Findings Base-in
— break B 10 3 9~12 +3
ormal
Mean S.D Range Base-in M 4 2 3~5
Blur . _ B recovery B 7 3 6~9 +3
Distance
- § M 9 4 7~11
BI limit Break 10.36 2.85 9~12 Base-out
Recovery 7.39 2.88 6~9 blur B 16 6 12~19 +7
Blur 15.53 6.25 12~19 Base-out M 19 8 15~23
Distance \™p 19.85 7.52 16-24 break B | 20 8 16-24 +1
BO limit
Recovery 13.30 5.03 16~21 Base-out M 10 4 8~12
Blur 13.02 4.04 11~15 recovery B 13 5 16~21 +3
40cm Break 17.22 468 15~20 Near
BI limit
Recovery 11.61 3.90 10~14 M 3X' 5X' 0~6 X'
Phoria
Blur 18.24 6.51 15~22 B |3X |5X | 06X
40cm
BO fimit | Break 23.69 8.32 20~28 Base-in M 13 4 11~15
Recovery 15.85 6.44 13~19 blur B 13 4 11~15
Base-in M 21 4 19~23
o ey break B 17 5 15~20 4
Table 63} 2T} Aol w2 AC/AHIS] #2J3F 2lo]& QL VIREST ; .Y
= Ao Jehdthp=0470). A7 3A} = AAC/AHE ~ Basedn
o 0 © anm o recovery B 12 4 10~14 -1
14 (25.9%), BAAC/ARIE 307 (66.6%)°] AL ILAC/A
HIE 10%(18.5%)2] HEE B STH(Table 6). Base-out M > 14~20
blur B 18 7 15~22 +1
3. 0|&=2 &5 &l Base-out M 21 6 18~24
I vE ol 87 A7 A4 D 2A tg o] break B | 24 | 8 | 208 +3
57159 SHEATGS Table 73 2Tk UAZ] 6m Base-out M | 11 7 7-15
oA Tfited ol thek HH -2 1036+2.85A, 3|57 recovery B 16 6 13~19 +5
& 739£2.88A°|9031, BO LS5 o83 e M | 42,00 | 0.50 |+1.75~+2.25
SAH2 155326257, A2 198557524, S plustoblur [ B | 4236 | 034 [+2.00-12.50] +0.37
ol 1 2J o T al= )
13.30+5.03A°1 Atk A2 40 cmoll 2] BI Z|Eo] 2 oo v 237 112 15175300
3t fatedFo s THH o] 13.02+4. 3] & :
& Ihte A ol 13.02+£4.045, 34244 minus-to-blur| g | 294 | 0.76 |-2.75~-325| -0.63
Table 7. NRA and PRA findings Gradient M |41AD | 2 3~5
Normal ACA B |41AD| 2 3~5
Mean | S.D
Range *: Morgan's expected values, **: Baarg's expected values of the
Negative Relative Accommodation|+2.36D| 0.34 |+2.00~+2.50 normal young adults
— - - " Positive and negative values mean that the findings are greater
Positive Relative Accommodation |-2.94D| 0.76 |-2.75~-3.25 and lesser than the Morgan's expected values, respectively.
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17.22+4.68A, 3EHL 11.61£3.90AC 2 YElEOH,
BO Z =9 ti3t ZFoH o THAHL 18.24+6.51A,
9377 23.69+£8.32A, 3EHF-S 15.85£6.44A8] S B
St
AA .

4. HTAEHY

40 cm FA A OA E 2 FHAZRE +0.25D G =2
bl 7Hdsk AdElol A S4E 54 AdulRdEe +2.36
+0.34D0]%13L, o] & AAE vloj X =0l o3t o

JFE e -2.94+0.76D2] #o-Z SHEATHTable 6).

[‘

5. Morgan EZ= 342} H|m

Table 72 ?lolA S E A3 FHES Morgan i 3k

S VEeR 3}04 H] ??} TS lir-ol‘:} 7@%}‘%45"4
3% =] 3]

A= AH L3 2T Ol HEes
Base In Prism scale at 40 cm Base Out
35 25 I 5) 5 5 15 25 35 45 55 65 75 85
12 i / / X : phoria M -9.50
11 /, o blur H -850
10 H O : break H -750
9 A recovery L] 6,50
8 -5.50
7 -4.50
6 -3.50
5 -2.50
4
4 -1.50
O | — =14 7 -0.50
2 g )(// i s +0.50
1 d +1.50
Aa Y
20 10 0 10 20 30 40 5 60 70 80 90 100
Base In Prism Scale at 6 m Base Out

a. Morgan's expected values

Base In Prism scale at 40 cm Base Out
3% 25 15 5 B B 2 & B B B W B
12 : / / H -950

' : phoria
il /

: blur H -850
: break ~7.50
: recovery

=
> OO0 x
1

H 650
-5.50
-450
-350
-250
-150
e -0.50

% ad +0.50
+1.50

Ju]

ammbmmﬂm@
RX

=25

2 10 0 10 0 3 40 5 60 70 8 90 100

Base In Prism Scale at 6 m Base Out

b. Baarg's expected values of the normal young adults

Fig. 1. Comparison of the Graphical analyses between the
Morgan's expected values and the Baarg's values.
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th. Morgan 34k} Hlawste] A 9 2AE AR
2 g =3} ]%—‘?.j o 9J3t Gradient AC/AY|= LI 442
Btk 2y A7 oldeEe HEeREEFY F
ZF3HAI(BO limit)%-S Morgan %5 gkoll B8 < 7ABO
o] & o =AM Yt i oAUt 27l 2o
A 7RARH (BI limit) ol =fel7} gl 22514 G
< 1ABO Tl £& 35 Bk 3 2A2] fikeA o
75 o] Morgan®] kol Hl&l oF 4A A2 FE BAS
, TS T 3A =2 HOE YERITE 2
2]9] AA o]gke-Fo] MAE Morgan FF Z 2Jo]S W
o]7] ek whd YA HA| olgReE He FIE
FEFAYo] Aoz ¢ He HAE 7HAE Ao
2 Yeldtt Fig. 19] a9} be 27 Morgan®] 3E5343
E AFdA veRd AAgks o8-8t 1z B4 3
T AT YA R (zone of clear single binocular

vision)E H]augk Ao},

AA B ZAel Hg
& 747} 1240} 274002 o) UQHAIO] ThE
gl 54 dEZol ok AR =AM ot et al o] 3 &
QHA] 270 W b AL WSl M Yehd 97
2] 3 2718 A FIe 53] 272 ESolA @
4A o] 2o)E Holal S}, Tk v et alol] 23t
FEHAAL ATelXe tid Extel M7 A, o
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Vergence Dysfunction of Young Adults
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Purpose: The purpose of this study was to determine the expected values of accommodation and vergence
system for analysis of binocular vision. Methods: Seventy three healty subjects without past history of eye
disease were selected for this study, Patients showing clinical binocular anomalies including manifest squint and
intermittent heterotropia were excluded and data was collected on 54 patients(mean age, 25.3+2.7 year). Near
point of convergence, distance and near phoiras were measured based on objective deviation angle. And then AC/
A ratio, relative accommodation were measured and all of the data were compared with the Morgan's expected
values. Results: The values of distance and near heterophoria were 1.24+2.72A and 2.70+4.91A respectively and
the gradient AC/A ratio was 3.9242.17A/D which were all about the same compared with the Morgan's expected
values. The values of distance negative fusional convergence was same, however, distance positive fusional
convergence was 7A greater than the Morgan's one. There were no significant differences in the range values of
both near vergences while the range of distance vergence was relatively larger than the Morgan's one. Positive
relative accommodation was +0.37D greater and negative relative accommodation was —0.63D greater than the
Morgan's values. Conclusions: The findings in this study appear that the Morgan's expected values have a
possibilities of including considerable proximal convergence value. In comparison with Morgan's values, Korean's
normal expected values have much different values of especially BO limit, so if the Morgan's values are directly
applied to binocular vision analysis for Korean people, it may lead to an inaccurate binocular vision diagnosis.
This results can be used to diagnose the accommodation and vergence system of Korean normal young adults.

Key words: binocular vision, heterophoria, accommodation, vergence, AC/A, objective deviation angle
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