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= Abstract =

Digitalized Videographic Measurement of Strabismic Angle

Sueng Han Han, M,D,, Tae Hwan Yoo, M.D,, Jong Bok Lee, M.D,

Current using strabismic angle measurement techniques require examiner s
experience and subjective decision. The accuracy between observers and

<HeY 119979 119 39, AAMETHY ¢ 19979 124 314>

AN o] AN AdTEtmd AZlEE dFA
The Institute of Vision Research, Department of Ophthalmology, College of Medicine, Yonsei University,
Seoul, Korea

«E =Eo ax& 19973 A 783 Wit A e dizldM 7 dEE,
118(740)




— @5 9 OAY WG o8 AAY 2F —

intra-observer is limited by the minimum eye movement that the examiner
can detect with naked eye. Horizontal strabismic angles with 35 comitant
strabismus patients were measured using precise digital signals converted by
digital frame grabber and image processing software in a 32 bit
microcomputer. Strabismic angle calculated using digital method was
compared with that of prism-cover method. The slope of the regression line
was 1.1054; the Y-intercept was 1.3870PD. The coefficiency of variation to
verify its reproducibility for measurements of total variability in 35
strabismic patients was 3.71%. The strabismic angle measurement with
digital frame grabber seems to be relatively precise and clinical application
will be available in measuring horizontal and vertical strabismic angle(J
Korean Ophthalmol Soc 39:740~745, 1998).
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8led 640%480pixel A719) tiXd 3lHo = v}
7 2 sate] ARE Aok wuistEAEAL &
A% 2AH R)F o1 3H E) e A9 Ae)rt
Mt a2 5 g A od w9 B4 F#
E Q€ ZHe Fgo] He o= 3y, 2
A (R)S target light7} ZigelA WAL He
Moz Ayt 2z 1A F,F)e &7
FZAF O 2AHR) AN 84S 21& T 1
Aol ztetga shte o B At ALaEd
256 gray scale2] 39 FolA ©We zte)z} 7}
4 gAdg Moz Hadch(Fig. 1). F-RAF -
R #tole] A9l A& T8 MOCHA image
analysis Z21% (MOCHA for windows,
Jandel Inc., CA, U.S.A)E o]&3ld m=
gakstgnh, olgA Tz < HY ARE A
A2 QAo AHgEhe ZEF Az gitsr] 9
glo, Aol IA WAL |83t YFHo R

Fig, 1, Selection of coordinates(point of fixation,
point of movement) for measurement of

strabismic angle.
R : point of fixation, F : point of movement
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) &3t (Fig. 2).

AFE A debd Arle HH4e A=
oln|, o]& FolMe FA ArE HA s P}
doh(Fig. 3). A9 WFE F|AHe 242} 103
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1343 o] FHE 203 wHEIl HIYh o|FA
Aol 20709 ol FHH Y Atele A= (|F-
RDE 814, 20709] |F-RIdke] ETHAMS 3
TaE 7oka, A AEA S H718] 9
8ty Coefficient of Variation (%) & T3t
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a =R
Fig, 2, The scond rule of cosine.
b’=c*+a’-2ca cosB
b=SQRT(c*a*2ca cosB)
D' %=2R?*x (1-cosX'®)
cosX °=1-(D'*/121.68)
X' °=acos(1-(D'%/121.68))
X' A=Tan{acos(1- (D' %/121.68))) x 100
A=TanX"° x 100
D’ : distance on computer monitor plane,
actual distance
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Adom, we]Frty HAbge Ha gL
20.89Z21F dEEATh A" Hye g
7t FAe Huge 49.16Ze8F tREIL
B, adzF7HE AAR EFX e Huge
50.00=2F dEEATh A" B <¢es
7 A H2HE -46.54ZF HFEH UL
v, 7 HA F3x9 Huge -
53.00Z21F HIFEATHEY F3e WA, &
o] B5e AR B, dAE Wy gk
74 FHAS adzEskd AA $339
FRAAE L7 Astd YIS mulZelEoty
AR SR 2 X3E UAE B sz
SHA R sto] Y FA AL AT 2
B Y=1.1054+1. 387021 (Fig. 4).
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\ 24 mm

Fig. 3, A formula for conversion of the distance
on computer monitor plane to the spherical
distance on ocular surface. The distance on
computer monitor is a distance of ground
plane. This distance should be converted to
the spherical distance on ocular surface.
The angle of circumference was calculated
by the second rule of cosine, and the
conversion of circumferential angle to
prism diopter was done.

R=7.8mm(a line connecting the fixation point
with the center of curvature(CC) of the
cornea)

D=(X"/360) x 2rR (spherical distance,
theoretical distance)

X°=360xD/2rR=8. 19D

X A=Tan(16.38D) <100, 14.39D

7] Y& F& Coefficient of variation(%)&
3.71%°103, <+ 5 4% 2] ()] o
T 3.62, EFEHA= 0,139
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AtAIZel &% W von graefe(1857) 7} AF
AzE FFH oz 7ed F oY 11 ez 2
A3Act. Laurence(1865), Meyer(1865),
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A7) $13 A E st o)EL Uk 3&
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AN FFH R EHs £E 59 K89
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ArE AFLET sgon, 33717 &g 4o
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olg FH3I7] WA A YAl o] gHA] B
sttt Steffan(1866), Landolt(1866), Cha-
pentier(1878), Snellen(1873)E& AlokAle} &
£ AHE3l AR 4EE dolst obd 9Fzte

SR 28y 2719 o]H AlxEL &3
71 TEY Abgo] BHlm EAA0 UYehte 2
A7h & 93 "ol A439A & sk Hir-
schberg(1885) = 30cm Holxl Folix] Hglo
ZES AMBSIY ALAIQHY] Zigbo)] Wiy o)

Scattergram of strabismic angle calculated using the
digital widengrshic sethod versus priss-cever
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Dewiation by Videegraphic techmique, Frisa Diepters

Fig. 4. Scattergram of strabismic angle calculated
using the digital videographic method
versus prism-cover measurement(XT :
exotropia, ET : esotropia).
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7he vl eyt o) HAA WHe @A E A
#A AAZHARY 3 e R PRIL o] FolA
e Aolel| |y 2ol TP, Hirschberg
Aol B ATE o8] Azl o3 AT LEE
Rew I P AAE with 2lolE Beoln Ut
(Table 1)°?. Krimskyte Z2l&E A8t
Hirschberg®] W& Hdla FE3 A 7S
sl om, o] W AWA AN HAIR |
A= de] AFE 3 o,

Hirschberg®t Krimskye] ®HEL 7t92+&
RAsof shed EIF 9T B dRie®
a7t A& ure ik, wulZEvH AARY
& 2B ARz & WY F M d8 AMeE
= Uyeldh, ey o] WEE Azl FE A
AFLE ez} ARY 7522 F YFE o) At
Al gloiA oF 10 ZElE YFEe A& vE
B o9k E=E Ze|Ee A mer expt
vebd = el o] AAPHol A & FE 2
Faled glolA 71 Bol AlEH L ¥lwE P&
stk 2EA AR ofFE] SHE HARRPL Al
galeeEls 3~422F UFE olde 2iaE y
Ebd & g, ApdE wid e gt a8n A
Fele] @2 4 AAIHE GAstete 1 s
M2l AlxztE EdlEE AEE dn JUrh
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Brodiex Z2|FE o]&3td AHH ARXE TE
F AR #Y L dle] AR B A (mm) & H
AzH(ZEF ugEH, PD)Ie FAE A4t
HirschbergAl&=& #F3tdch. 271 A4Hg
HirschbergAla== 21PD/m%c}, o 4% ARA
o] HHg AA o FA JHE BAYSA &gk
7] 2ol B2 HAEHe AFe} Aozt YAk
TARLE o)l 83t mulZE|E/HE AT 4
o wAli e AABAE FFF dF Hirsch-
bergAlsE 20.89PD/mme] ATt wiz2]E7H
AAe] FEEE Fol7] HsiA Bxte 2
nGAIFII kY] Foll AHE AN wkAL
o} Y2+ Purkinje image® ¥|tle 7tz
28k oF 159 AR S H 83 FsATy.
Miller$& Hirschberg®iiel 235 Z0)7] 4
dla] ZFE19) image processing techniques
=8k QlH e R AAE BHE F Fo A
& ZAbsle] walel Purkinje imageE TA
g gHoz HEAZ F AA JAAHCE TE
ARG HFE G AlLEE AMAZHe] BARE
BAsla] 7 Wil SAEH oort &S B
aEEY. HAEES UXE Wz AAZE
238l d& gAY <k &F ARE 718E
Hozg B3 45 Z=E Tt oW Z+
ate] FA)Re|A Zie7ix|e] FENEL 7. 8t
T 7RSI, dAE e o3 X E ¥
A delA 71 de] ole wtiZeE/HE A
ApHe) &3 e wlmdte] A WANE & F
At wekd CA" whHe g 23 AR

Table 1, Qualititive analysis of Hirschberg coefficient.

Reference Hirschberg coefficient method of analysis
Hirschberg 1886 8’ /mm clinical experience
Wheeler 1943 8 /mm relationship between gaze direction and limbal reflection
krimsky 1948 7" /mm use of geometric model
Jones, Eskridge 1970 12°/mm, 22PD/mm analysis of photograph and use of geometric model
Griffin, Boyer 1974 20. 75PD/mn analysis of photograph
Carter, Roth 1978 13.6° /mm analysis of photograph
Wick, London 1980 19. 5PD/mm theoretical calculation
Brodie 1987 21PD/mn analysis of photograph and use of geometric model

PD: Prism diopter
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