ISSN(print) 1226-5012

J Korean Ophthalmic Opt Soc. 20(3):377-384, September 2015 http://dx.doi.org/10.14479/jk00s.2015.20.3.377

BA ff};z %73%6}?%, B 62287
), Y2015 89 274), AlAEE L (20159 9€ 14%)

T

=

B3 2 A olZHARI == QAR AR AFR1Y T3 dAAIE S35t vlas) Ba, pD ¥
oA 7 A *MHE A8 Bokoh Wy HHa® 21.27+2.32(19~32)4190 A<l 939 (F#}50, o
2443y o= o]7HA (two-rods test)g]- A (three-rods test)Z FAFAE] 2.5 mollA 528 JAAE 22} 53] =
ATt A} o|7HAIe AR 243 537 YA E 2 AA Hit 29.91+23.03%, 23.75+21.65% L, ©]
FAR= 28.36+22.38%, 22.28+23.79% A= 31.71£23.91%, 25.46+ 19.002E o|7HA|o) vl&) 2HAIZ =3
3 B2 JAA7F BT o) BEAZ O Z §93 Afol= g E]'(p>0 05). PD Hv ETHA HE 60.63 mm~
66.19 mm Alo]9] 32 JAAE o|7HAl 31.48+24.87%, ATHAE 22,54+ 17.22% 8 BAZOE {23 2o]7} A
AL (p<0.05), T HAAPHE 53 dAA9} PDe FHA-S IR gt Z-ol S VFo® T ulx o]7HA o) H]
3 AR ST FHYAAIE B o FA JeEhgoy FAIFSE o3 Zole IAL(p>0.05) =E ol
T 54 AN ABAEE A St F dAXE gRbdoz Ggle] T4 AR THESRE 30~50% W
el Algshe 237 Yelstt. d&: ARHle oliHAIRT AAAIZE O 9HA YEh 548 YAIAY U v Ha
AXE AT 5 Ja, 7 ArEel AR1Y 4 JAA BEARHOE AREEIL T3 YAA S 7] 2 -g-3h=
o 783 Ao = AlSET PDS} 2ol de T2 JANC & FEFE FA @ O E YEHt
FRof: oA, 47,

I, 1= S0 QAP FA QAN BA QA AL

>

pe)
=

M B A AR} T4 %i]/\]J =4 WRo] getok 3 A
/\}O]'Oﬂ‘jr AA (AN B A7 =3, 2ol B

%A 7155 (binocular vision function) 2t % A & & AFR 7} Q= ubA Z_, QA A1 2] S Laby S170]
2o FAIEAE shE A5t Alske 71524 AFEHE o83l S4E A= o] % FfellM= 22
BAIR1217 F3 (simultaneous perception and supenmposition), Ho Zol BBy} Qlg) o} o H3] thekst A& AAA| A

HH-§-3(flat fusion), YA A](stereoacuity, stereopsis)S] T

AZ o]FoARAA HhM o] T AA A= WA (retinal

APS] AR} SRS R M) 51 PAIAE 1

) 28}, 54 QAN et 71E ) mleiso] 91 9

disparity)ol] 2]3F FQFe] A=) Z}(depth perception)s &S
ou]sh Bl Q1zto] 7 1] Az R ofe] A7zt
A 27l Wl slone YAl tle AR i
AR 7)ol g T WA Vsl B, %
LA IS o] f5-E Wlse 7IEel Har JdrkbY

t}. wheb] B ATl e AR} o) H Aol A ALg-st
T4 JAA SAWHOZ o] (two-rods test)]] S E-

=9 JAHAL} YEAX T2 ARSSh= AR (three-rods
test)21S ARg310] B2 JAAE vl Frle) Bal, BEo]
PD(Pupillary Distance) B =803 =2} 54 A7} ofH

Tylel*= A2F A B o] 7 719 7HE| 2 v 5= o] UEAE dokrazt st
= A YAAlol] TS fine-global-static-stereopsis
w2 A F2ole &3 YAA FHASI= coars-local- CHAF o HiH
motion-stereopsis® T E=HTFL 3FAAL, Tysenl= 2 A
Aot 52 JAA F 7150] AR oE A2 Z(visual 1. 7 et
pathway)= HD=e A= T2 7Isolztal Bk vl 9o £ A7e AT ] JAilESko|y kgt glal,
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o] A¥o] gle H o] AA 21.27+2.32(19-32)4], &

A} 21.76 £2.50(19~32)M, <A} 20.7241.97(19~29)A12]
421 93 (A 509, AR} 431)S Tz AAISHT

2. ot

A2 AAANE AASE & SR fh alA (full
correctionyS 3k & F& UA|AE SHSIATE 52 LA
A= o)ZHAl(two-rods test, Bernell, U.S.A)2} AFHA (three-
rods test, iNT, Korea)S ©]-83}] ZHAALAZ 2.5 mollA Z+
7t 53] SAste] Hghd HAgks AlQletal Hd
EFHAE AlLFSHAT

1) S5 A2 &H
o|ZHA| 9} AHA 717] AL
5 emo]aL, 717] ko] Hje] Fo
2}l 7+A8Le 7 eme]H, 717]
o= gHZ Bt ol &

O Z]0) 2= o)1 A}

SAZHE ozl AZEE) 24Y - A, A
= Al 7Re] gl & T e gzt
3L 7R g 7R e olitAI9F 22 e
2 = Atk(Fig. ).
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Fig. 1. Three-Rods Test (iNT, Korea).
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2 QAR Folws B e Adses sl
ARkt dldASel F AAF 25 HAAR el 717]
S AUoE HUA g e BiE w2o 1%

=

oL

o} = o] Mot BY wjS AAetd o5 4
Z) X 2H(vertical disparity)el] ldele exbA7 ke 22t
Z1538tat. o] W LxAY o] SHAWHLS F 771
TAE NEFDY YAE 002 T, YA SFo)=
3k 7)) Bzt Qkoll ol 4, HE Fold w2 T
sto], A E v o} AT 2 TS gl Ale] 9

ol AF S w7 FAE FEok A BASES

3T, Ak $717] BE % 53] AAlsle) Ans 1=
ahglct
AN 749 oje} §29] v

Aol S4%
o] 7HAL tdAte] 2ol g FAAAIR] 22
#E FA JAAE AREST] fEiA ARPAIAE F
(binocular disparity amounts) =, YAA] SX| =2 M35}
27y thge] &3 YA (G 2)E ARSHAT

2) PD ¥ SFo|Azt S ARAl2] ZA|

PD 9 2o 4 YA FHIAE Yolr 7]
$8iA PDE B 63.41 mm, EFAZ} 2.78 mmES 7)F
o2 Al AFoZ YA, IEoP Al HAl, YA
2 FEst BT BA 2 A Skl

e R\\T'
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e A4 AL A ZHE Ho]

A= 31.71+23.91%,
vl3)] A1 2 YA A7F
F AA B

3) 84 & 24

A3 A9e] A 4 Excel FAZEIHS 0|83}

o Student t-test2} One-way ANOVA, Perason®] 34|54~
£ 7ot 899 53 dANG TAA Frelds

PD &0l WE 53 JAAY B, SHold=s} &

2 QAN 9 HBAE EA8 BUTE SAZCEE= p-

25.03%

A A o] WAL

3 ¥ Az}t 74z AA Ht 29.91+23.03%,
ZAaL, o] F IAR= 28.36+22.38%, 22.28+23.79%,
25.46+19.00% % ER}
BT Al YEeRo
Y 152 JAA Y] Hte
OJ3k 2ol = AATHP>0.05)(Table 1). A=}k o] 7 AHBlo)
Yolr A
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23.75+£21.65

o]ZtA ol

EAHOR &

OIMAR SAZ FH YAAZE AA Ht 2844+

A9 A%

, HA 28.23+23.34%, & A} 28.63+26.83%F H

o AT AFE s Bks o 2R

valueZh 00580} 2 38 freldh Ao At U Aol BAHoR fel Aol gl A, At 1A
i} ARUE B 6 $550 Uehd 3 2
24 % 0 o2 XA EF o Aol F7HE AR o) A

Ly
0

1. O|ZHAI2t &7HA| S5 UFAl2| BHlw

olxHlel Al wld e eI,

2 AAAL] EY W=

T Blusie o, o|A=

AA EAE olZHAISH AR T4 AAAE A 0~40z0llA A TRk 74.19%, AHAIE 0~30300A]
Table 1. Clinical characteristics of each gender group
Variable Total Male Female fpeyalue
Mean=+ SD Mean=+ SD Mean=+ SD
- e | e |y | e
PD(mm) 63.41£2.78 64.361+3.08 62.30+1.88 0.00
Two-rods stereoacuity (sec of arc) 29.91+23.03 28.36+22.38 31.71+23.91 0.48
Three-rods stereoacuity (sec of arc) 23.75+21.65 22.28+23.79 25.46%19.00 0.48
*t-test, statistically significant if p<0.05
SD: standard deviation, PD: pupillary distance, sec of arc: seconds of arc
Table 2. Dynamic stereoacuity by measuring with two-rods and three-rods test in normal 93 subjects
Degree of stereoacuity Two-rods test Three-rods test
(sec of arc) Mode(n) (%) Accumulation(%) Mode(n) (%) Accumulation(%)
0.00 ~ 10.00 10 10.75 10.75 21 22.58 22.58
10.01 ~ 20.00 30 32.26 43.01 30 32.26 54.84
20.01 ~ 30.00 21 22.58 65.59 18 19.35 74.19
30.01 ~ 40.00 8 8.60 74.19 11 11.83 86.02
40.01 ~ 50.00 9 9.68 83.87 6 6.45 92.47
50.01 ~ 60.00 5 5.38 89.25 1 1.08 93.55
60.01 ~ 70.00 5 5.38 94.62 2 2.15 95.70
70.01 ~ 80.00 2 2.15 96.77 0 0.00 95.70
80.01 ~ 90.00 0 0.00 96.77 1 1.08 96.78
90.01 ~ 100.00 1 1.08 97.85 0 0.00 96.78
100.01 ~ 110.00 1 1.08 98.92 3 3.22 100
110.01 ~ 120.00 0 0.00 98.92
120.01 ~ 130.00 1 1.08 100

n: number of subjects
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Table 3. Statistical analysis of the mean dynamic stereoacuity

of each test

H3E

Dynamic stereoacuity test | Mean+ SD(sec of arc) | *p-value
Two-rods test 29.91£23.03
0.06
Three-rods test 23.75£21.65

*t-test, statistically significant if p<0.05

74.19%7F ZAHAT, 10202 WA 071719} 371
AlA BF 308o 2 7 B RI=S7E YEETh
(Table 2). o|ZHAIL} AHHA|S] A S vlws|EA 2t
Z} 29.91+23.03%, 23.75+21.65%2 F YA HAFL
FAAOE o3k Apo]= HolA| kil (p=0.06)(Table
3), A AAE o]ZH 4 JAXE 7IE02 AR
o] T2 YAXAE 22t vl ®Boks W, A o=} 93
o Z 239 oF 25%E A9t UM A] 709 F 75%7} ©]
ARTH AA 52 QA7 HAF o2 o & A3
L]rE]r‘xR—L, T ArEe 4 YA Bl = )

AL B ATHr=0.47)(Fig. 2).

Tyler®2} Tychsenl®50] A4 dAA2} T4 AANAE
T ARG AR HA o] F Jle] FHE| B E g2 A
v g Athar sted ZA AAAF 52 dAAS] AAE
o] gefol ke ZAE AlAskaL i, AR
x| ZAgo] Agolst F 75 HI7F GA] 7] YdEA
Z-g-=|ojo} sl= w7 o] Hr.

ollX= FZolvt L}’Q EPS ©]8-3gF Lang, Titmus,
Randot, TNO stereotest 5 TFY3F EF3}H AZF AAA]
AAPHE] AMEE = Zﬂﬂr ”E] &2 dAX e B A
= AN Fag WAV F SR dAE
UOLHIOHT A A Qe A /\]‘&ﬂ T A FAHOE &
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AR, Lim S¥o] /g1l &2 JAA] B 290.0
Z=2 Huste] BEe] Z4 A EY £ dRle= &
A7F A 2o] Aol MF-2e AZte] gorng dAs
1A18E7] ol Hokar =) *mﬁlg} o)M= AZHA <k
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Fig. 2. Distribution of the dynamic stereoacuity by using measured with two dynamic stereotests.
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A2 W9)el tigh odo] Zel7t o), JinlPle A 9
AAE 5~10%, Lim SR 3ol = thAlZ 22 30~-50
Z Atolol A 10027HA1S BAo &2 7hFatal 15~-30%H
o 9 2L JANE R AeE B Yt

T4 QA A= AR HA YA GRky
02 30~50%MAEZ A Jded, AF7HA AFEH
2SR A3 79 Lim S 3 29073,
Lee S90S Autel Tz} 249.05%, Lukel o=} 247.10%
2 BastaL, oIS ARSSE AAFES] o]F A
M= Tt 28.44%, B Aol A= o)7HA 29.91%, A HA
W3t 23.75%2 VFEPGTE Matsuol250] Harol A A A%
AOA AR N1FE 23 AE 20 mmE 27 YANE 5
7} Bhkate] oF 40.99%20 AT} Hlws|EH o]7HA|, At
Aol & YA B A AY Wl sdsh= 4
7} e 9hd, A55E] 2202 S4HS o A
Ao E H& FhS B A& A ARG ofe] A
A 8AEZ QlE FHa gAIAS GX)7} o)z AL} A
Hoe FAoz =4 UERy] WiFo =2 AzEn
Borish!®'2} Howard!'412] B 10| A o|7HAI R =33 FA}
o] 54 JAAE 142K e S AT AL A
HHE A Borish[*12} Howard!'7} 6 m FAAFAZGIA SA4
3 A gy B AFL 25 mE A9} e Axlx
oA AAxgE A, & shue A IAE] A=
A 2% ] fF-5 FetelA] efar, Tt 247 A1Y
wAo] 7Fsg tldAl AAE A3 HollA] Hat JAA]
o] A7} th2 A yehd Ao Azt

2 AFlA AREE olzHAIeE AR Al A7) A
2 2 948, dAPS FYshd ol g H wivt
Sl 9F 7 NE g2 g ole w7} R ekl A,

v

183k 52 dAA L] ¥ 381

T e Zhedel A1t Hol e AHlld 53
ANE AHEE 0|7 29.91+23.03%, A 23.75+
21.65%2% H-& FAHCE {3 zlol7t gllet 4t
AS] &4 JAAIZE O 73, Table 25 EH
0~10% =73 JAAIZ} oIZHA= 10.75%(10%) A=
22.58%(21%)°] RIEFE e o7 b= A=
SA49S o HA& JAATE O B ATE HAFUTh
o|AL 1 Y] Ele] & =AY uf AT 24
T 0] g w7t 91 7o) e 2] § /Y] i
Aozl o)XHAIEG Bl 1] ARzhs A W
O B2 HA YJAA GAE LS F Ue s 20|
gl AAEEE £ O B 54 o] HA& JX|&
S35k die o|tHAIET AL B frElsk HAPHS
2 ARE F okl AlsEnh

mEbA] 7]Eel EFESHE T2 YA AP o] TkstA]
22 FollA oA} AHAlE AAIAR] TF JAAY
S0l 7hsstar, 1 {8730 Ae] Atial Alsdt

AA AAY AS, dENME 196049 5E Road
Traffic Act(E=Z15H)Yd gA e} EEHS 317] 9%
AW STE HASE W v &9 F8WEo] A vk
3= A=A Z (depth perception)ALE A 3t] T A
2 HAl(standard vision test)r] A AAISIEE 451
A2 JAA AR} A dRHEE] e AFAA] AdE| A
o] 3 JAA HAR e ® ARgStaL Jlar, A3t @A
2)7F 20 mm2 cm)4 LHT Folop HARS FHE = 9l
o2 ot

)
jiA
2
>

2. PD2t X IFAl2] A
PDES 7IEoZ AV E uf o)A |9} A 72| 54

Table 4. Correlation of the mean dynamic stereoacuity of each test according to the range of PD

PD(mm) Two-rods test‘ #p-value Three-rods test #p-value
(Mean=SD, sec of arc) (Mean=x SD, sec of arc)
Under 60.62 22.66+11.99 20.90+29.00
60.63 to 66.19 31.481+24.87 0.28 22.54+17.22 0.53
Over 66.20 28.28+19.82 30.70+36.46
*One-way ANOVA, statistically significant if p<0.05
Table 5. Result of two dynamic stereotest according to the range of PD
Range of PD(mm) illlllrjrjli?rs (Meatpfi(g]g(idssect:es:f arc) (Mf:allﬂlhir-e;-)r,OCSIZC&’:lE arc) "p-value
Under 60.62 13 22.66+11.99 20.90+29.00 0.79
60.63 to 66.19 70 31.48+£24.87 22.54+17.22 0.01
Over 66.20 10 28.28+19.82 30.70+36.46 0.85

*t-test, statistically significant if p<0.05
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Table 6. Correlation of the mean dynamic stereoacuity of each test according to the refractive error states

Dynamic stereoacuity(sec of arc)
States of refractive error Two-rods test Three-rods test
*p-value *p-value
(Mean= SD) (Mean=x SD)
Hyperopia 28.91+21.47 16.40£10.06
Emmetropia 32.13£26.12 0.57 23.77£19.93 0.66
Myopia 28.78+21.66 24.75+23.48

*One-way ANOVA, statistically significant if p<0.05

YAAE PDY Z7]ol| wE} FAIFOE o3t Apol& B
F A LHP>0.05)(Table 4), ©1XHA| 2k AZIAI 0] Hit-5 A
2 H|wa) BotS = PD 60.63 mm~66.19 mm Bt FE
A} {9 HellAes 7 HdAPHe] SH YA BAR =
F213F 210)7F UKATHpP=0.01)(Table 5). PD} F7 A=|A|<]
AT vl F2] A|RE PDE o)A (=011 R =
AA (=0.24)} o] oft O A YT

AN Al FES v]E 4= = LATE F-5 (anisei-
konia), f-5-A](anisometropia), 2= (accommodation), &=r=
T=(retinal illumination), &-&=L7](pupil size)’s!'"!8le] )T}
31 sk v, o] RAEC] YA E IS FA
gethe Bals itk PDO] 73-9- Kham 1719 dte]l

27 pD7} 71 ARgRE PD7E &R Abtol] HIs| At
8 Azl o7k AjA o ARtk B sy
o]AL ol&H o2 pD7} =W PD7L &2 Abol BlE)
FoI1Z SA] A=Y F A]xK(binocular disparity)Z-F-E]
AztEl= e Zole FAdhd 2h& ARtRtE &
Azt A PDel| &J gt Ar g o] AXIThaL sFRar, B YRt
A} o] 2]e]l #-& AlZKmotion parallax)ys-2] Zlo] TAEZ
<l
A

i

siA ATA Q] B84 vt dadkar Stk B
3ol A= Kham 51°19] B} g] o]71A 9} 4314 2]
JAA A3 E=7t DL Z7190] wEA] BAH SR fo
3k 2}o]7} 1AL (p=0.28, p=0.53)(Table 4), AHAHE ==
A Jeh} daAatolAE o280 g pD7} Al
FES T g Aol tisiA 1814 Z3ht.

[e]

3. 2EO|Y SH LA A

Fole 24, AA, AR TRIYS 9 o2,
HA FH QANE BF AR FO% AolE 9l

A LH(p=0.66, p=0.57)(Table 6) °|ZtAl Hlsf 1A &
2 JAAZE 27 O FA VERAL, 2ol 7 AR
2 QA= AT AY {IEHE=0.09, 1=0.02). Min
52} Colenbrander™h= A= AJg o] LA A= ¢
AAZE ZHaegokal Barstal glout & dAqtolas =2
ool wet T2 A THaL FEAES 5] &1

a4 2
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UM AR oA} A T HAPHS SRThA
(monocular cue)’} =A3l= A, 200)2] A1 oz
AFS H Fo] o A9 AlMo|BE AFoll= o]F
st ZA JAXS} T2 dAAete] BA|, =3F
Z3eE o FEle AT AT Fo] dasitar
AFEETE gEo] o] F FHAMYHo] YRHE-](binocular
dissociation)’} $l= AFAA] AJEHlo M) T4 YAA LS
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E APoe HE 5o/l X2 35 L A5 &
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AP 58 JAIAY] 71ES vl-EEA, UREAI7E e
7 AR P o] Haxt T AR 52 YAl
& ¥l Frpsj Rttt
o|IZHAIS} AZHAI] B JAAE vlus] B Ax} 74zt
Tt 29.91+23.03, 23.75+21.65%F UutF o7 HAko]
52 JAAE 7FsHE 30~50%9] W4 sgsle
A7 el A, oA sl e o W& 54 ¢
AN HA: JRE ST F AT AHFH o= o]7HA
o} A= A1 T JAXE SA3] A% x5
A2 Agal7)d 8 Ao w AlEHn) w3 pDY F
Holi2 54 YA e} e IS Bl 54 YAA
of Z JTFS FA Y= Ao Z YEiT

>
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aAlel =

o] =2 20149 % FFRAN S Ao A
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The Comparasion of the Dynamic Stereoacuity with Two-Rods Test
and Three-Rods Test
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Purpose: On this study, we measured and compared the dynamic stereoacuity by two-rods test (Howard-Dolman
Test) and three-rods test. And we analyzed the correlation between PD and refractive error with dynamic
stereoacuity. Methods: Dynamic stereoacuity of two-rods test and three-rods test at 2.5 m distance for 93 adults
93 (50 males, 43 females), mean age of 21.27+2.32 (19~32) years old, were measured 5 times for two tests.
Results: The mean of dynamic stereoacuity measured by two-rods test and three-rods test were 29.91 £23.03 sec
of arc and 23.751+21.65 sec of arc for total subjects, respectively. The mean of male and female were 36 +22.38
sec of arc and 22.28 =23.79, respectively. Three-rods test showed better dynamic stereoacuity than two-rods test,
but there was no statistically significant difference (p>0.05). For the average standard deviation of PD between
60.63 mm~66.19 mm, dynamic stereoacuity fo two-rod test and three-rod test were 31.48 =24.87 sec of arc and
31.48£24.87 sec of arc, respectively. The results showed statistically significant difference (p<0.05), but the
relationship between dynamic stereoacuity and PD was not great. Comparison between two tests on the basis of
refractive error, dynamic stereoacuity by three-rods test was better than by two-rods test with no significant
difference between both tests (p>0.05) and there was little correlation between refractive error and two dynamic
stereoacuity. Conclusions: Three-rods test showing lower stereoacuity than two-rods tests could measure the
lower minimum threshold of dynamic stereoacuity. It was found that both tests can be applied to dynamic
stereoacuity test as a standard test, and PD and refractive error was found that little effect upon the dynamic
stereoacuity. PD and refractive error was found that little effect upon the dynamic stereoacuity.

Key words: Two-Rods Test, Three-Rods Test, Howard-Dolman Test, Dynamic stereoacuity, Dynamic stereoacu-
ity test
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