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Purpose: This study aimed to investigate whether the use of the cross test with central fusion point instead of the
pointer test is valid in the MKH test and its effectiveness. Methods: A partially modified four-step MKH test was
performed using three of the five basic indicators (cross test (K), pointer test (Z), and rectangle test (H)) for the MKH
test and cross test with central fusion point. Statistical analysis, an independence test, was performed with SPSS 23.0.
Results: First step. The results of the independence test of the two indicators (p=0.613) showed that the cross-test with
central fusion point could not be used as a substitute for the pointer test. Second step. The cross-test with central fusion
point was not valid to be used as a substitute for the pointer test before and after the cross-test correction (pyes,=0.596,
Pape=1.000). Third step. The cross test with central fusion point did not play any role as a substitute for the pointer test
in two of the three subjects. Fourth step. In 10 of the 11 subjects, the cross test with central fusion point did not play any
role as a substitute for the pointer test. Conclusions: During the MKH examination, it was confirmed that the cross test
with central fusion point could not serve as a substitute for the pointer test.
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Table 1.

Independence test of cross test with central fusion point and pointer test without any prism correction. Excluded

when all three of the cross tests, cross test with central fusion point, and pointer test are in the zero position

Pointer test

i Total
Zero position No target rpgtchmg
recognition
. Frequency 3.0 15.0 18.0
Zero position

Cross test with central EXpeCted frequency 2.3 15.8 18.0

fusion pOil’lt No target matching Frequency 1.0 13.0 14.0

recognition Expected frequency 1.8 12.3 14.0

Frequency 4.0 28.0 32.0

Total
Expected frequency 4.0 28.0 32.0
*Exact significance in Fisher's exact test (two-tailed test) p=0.613
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Table 2.
when the cross test is in the zero position

Independence test of cross test with central fusion point and pointer test without any prism correction. Excluded

Pointer test

i Total
Zero position No target r.n.atchmg
recognition
» Frequency 3.0 11.0 14.0
Zero position

Cross test with central Expected frequency 2.1 11.9 14.0

fusion pOint No target matching Frequency 1.0 12.0 13.0

recognition Expected frequency 1.9 11.1 13.0

Total Frequency 4.0 23.0 27.0

ota
Expected frequency 4.0 23.0 27.0
*Exact significance in Fisher's exact test (two-tailed test) p=0.596
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Independen.ce test of cross test with central fusion point and pointer test with prism correction of the cross test.

Pointer test

i Total
Zero position No target mgtchmg
recognition
. Frequency 14.0 10.0 24.0
Zero position
Cross test with central Expected frequency 14.2 9.8 24.0
fusion pOint No target matching Frequency 2.0 1.0 3.0
recognition Expected frequency 1.8 1.2 3.0
Frequency 16.0 11.0 27.0
Total
Expected frequency 16.0 11.0 27.0

* Exact significance in Fisher's exact test (two-tailed test) p=1.000
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Table 4. Results of tracking and analyzing the change process of the test results for each of the 27 subjects

Before prism correction of the

After prism correction of the cross test

cross test
R iti f R iti f Detailed Classification of phoria Whether
Number of - ccognition of =y o per of  Recognition o Detaile t f oot optotype can be
. target coincidence . target coincidence classification of the (type of optotype) bstituted
subjects . x subjects x x . substitute
(persons) of ¢ and p (persons) of c and p  number of subjects
p (1: Yes, 2: No) p (1: Yes, 2: No) (persons)
11 2 Muscular Possible
4 22 ” " 4 Disparate fusion Possible
Disparate fusion (p°
8 12 8 P - ®) Impossible
Muscular (¢')
Disparate fusion (p°
1 22 1 - P ®) p Impossible
5 . Disparate correspondence (c')
Muscular (p*) )
1 21 1 - p Impossible
Disparate correspondence (c')
Muscular (c") )
3 12 3 - - Impossible
Disparate correspondence (p)
10 12 Disparate correspondence (p’
6 22 6 P - p‘ - ®) Impossible
Disparate fusion (c)
1 11 1 Hidden fixation disparity is revealed Impossible
1 22 1 22 1 Disparate correspondence Possible

¢’: cross test with central fusion point; p*: pointer test

Vol. 27, No. 2, June 2022

J Korean Ophthalmic Opt Soc.



140 Jung-Won Cha

w3 Table 4914 AR RS Ze]Eo g wHs T =
AE AR AT ]E—J 29140 gl A= U
B 2 71eH 1M ZEF o RS W]
Hel] FHETH A2t A]ﬁlmu F 7HA w25
A AFELARIA 0] AR A BE AAR AES
AREEIE We BYA AR B 5 o AAIR
AIE A 8AIEE A6 AAAEE ARSIt
H MKH ZANA 29X g-SARZE B5h= /s
Wk 4= 9)t}, 183 2% 7l U A 1M ZalEo
Z AN EE wAsH7] Aol AT ARPA| ol At

AEARIA0] G Ao A AES A
L9E W AR BRE 5 o AN
)4l AR FASEE RS AT
MKH ZAblA] 2% A2 #gshe o fg wa
& itk agee 0y mE FASH AAAEES A
2 Ao o gAER AHE S gl A97) En.

T3 Table 4914 AAN RS Ze]Fo 2 WGe £ A
A7) AFEAARE AELAA0] gl Ao vhehd 109
HEH 33 RS LelGOR WS Aol 17
F A AM T AJEAX
Fol= ItE #FAE ﬁOIEi AT AAARE
AR 7 ARREES ZelFoE wAsh] A $ B
T SAEEH ARAEEA AlEIA|Q1A 0]

UrEMUi b AR EREARE A =
S39E 4¢ ﬁx}APE Mrﬂ"oi é“s}ﬂ GRS
L5 AAIRA A AR 101*‘01 fle Aoz Yeht
22 293 AR EREn AMQ} EYA]
EH~AH«1 FAAol= FAIAAH] 7H o2 & A
= T At IHER o
75‘% =3 AR AR Li%— AAR A3Ee] Al
2971 ®ct

Table 401]/\1 1078 72 68
w7gstr] Aell= AARA RS} AT AR
7HA] EEF A AELA Q14 o] YIE Al e f\l
AR MRS ARESITE EUA teAR] ) Aew &

B o vk 22 o] BERE AIARAIRE thAl thEAIRE
2 FASEH AAAEE AT MKH ATl A
YA FARIE Hse /S HE & vk 2=
2 o] 639 A% =3 FAFTE AAANES AR A
o] AR AHE 5 ¢l

TS Table 4904 AAIAEE
ARNES FAGH AR F 7P mFoA A
A QA0] gl Ae2 Veht 198 AANRE 3

S meiFo R

d

11:1
alx
L&?
El -
o2l
rol
o
>

] =5

>«
9

o2 WRF] AT F 74A) mFe|AH AELHN

ol
g gHigons BAX AT BT 5 Yo

d

_EL

Vol. 27, No. 2, June 2022

Kl
I

o] ASells E8A AAYAL A thEAER FAEE
A AANES A Aol Felel Ao ekt
vpA|9tO 2 Table 4914 AR RS Z|Fo = 243
F AARAEANNR AELH 0] g AOZ hehd
107 7hed) ol AFEA e dolgldl 15 A%
NEE ZFoE WS Aol AAINES FHE
T AR F 7 BRN AEARL 2
o= UERgd thgelglont AAAES 3
3 F AARATANT AELA ] ¢
Bt 90l Folglg FANA Eelg
glom ol Pl AARA TN W FA]
AT FAFEH AANEAE e FoB e A
ARAES thalste] SR AANES AHEHE A
o FAsHA Hee % 5 AUrk
TJ2{B= Table 3] FAIATAA AAANEE thils)
of FASTH VANES A o] HAsA g
2 & 5 AR Aol 7N 279 AAERE B
AR A8 B AReINE AANES TS F 279
7hed) 2039) TFAAAN AARAES thalste] 34
U AAAEES AHESHE Hlol A erke A
2 Brldoz AuE 4 AT

® 397 Ak
HANES FASTH AAAED
F W) NEE FAE 1) Hole B
o] A & AR Thew B,
A7V AANESE FHETH AANED ZFo e
T QYE B Table 3994 BE npst o] 39
om, 39 7hed] 29 AN TN Ze)E WL
7] Aols FAFER AL AAY AE BFIA
AELAAL] Goont el 18 SHEUH 47
EAMT AEAHN40] gt oItk A}
FHTH WANES ZelZoR wYT Fol 39 B
% 471 AN AELRENE ehigict.
A7 3] AN AALATe) WEAYS By

T EoE
Fe ZEE

£ r;'b

%
7}

‘N FJ

F7 B3 A oo 2o, B FaaE] )
& 1w} o33y gA YeRl7] $18ke] Table 59 1
W8-S #7183k

T A B AR

z|212l0] §lE 2HE 1HL 4]
A ENA T FAETHE AR AT AEI XS
7F HA] kpd diidellem YA 13 AR
A Folx= AAEA S} TAG AR A Al
A73El7F A Fkd *o olitt. 1811 39 7k v
M2 1788 AR E Y A3 Fol| 2F FAGFH A
ARA R A RE ARG X124 0] glE Aol 1yEz

El

J Korean Ophthalmic Opt Soc.



Study on the Effectiveness of Cross Test with Central Fusion Point used as Substitute Targets for Pointer Test 141

Table 5. Result of tracking and analyzing the change process of the test results for each of the three subjects. Only the
cross test and cross test with central fusion point are corrected with a prism

Before prism correction of the . .
p After prism correction of the cross test

cross test
R iti f R iti f Detailed Classification of phoria Whether
Number of ecogqltlgn ' Number of 08! 1t19n © . etgu ¢ £ optotype can be
. target coincidence . target coincidence classification of the (type of optotype) bstituted
subjects N . subjects N . ) substitute
(persons) of ¢ and p (persons) of ¢ and p  number of subjects
P (1: Yes, 2: No) p (1: Yes, 2: No) (persons)
Disparate correspondence (c*
1 21 1 i - p. - ©) Impossible
2 22 Disparate fusion (p)
1 22 1 Disparate correspondence Possible

Disparate correspondence (c") )
1 21 1 21 1 - Impossible
Muscular (p)

c’: cross test with central fusion point; p*: pointer test

o714 YeRd 3% 7R 18 AE SASEE ARA AR ES}F A AN R ZE]E 02 wAs § 47HA] Al
F7F AARAFES] QEAREA TS s A= A R AIEYA QA o] MAsiR o B g FAS A HAR]
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Table 6. Result of tracking and analyzing the change process of the test results for each of the 11 subjects. Only the
cross test and pointer test are corrected with a prism

Before prism correction of the . .
p After prism correction of the cross test

cross test
R iti f R iti f Detailed Classification of phoria Whether
Number of __ecogmtion of =y o op  Recognition o Detaile £ optotype can be
. target coincidence . target coincidence classification of the (type of optotype) bstituted
subjects \ . subjects . . . substitute
(persons) of ¢ and p (persons) of ¢ and p number of subjects
P (1: Yes, 2: No) P (1: Yes, 2: No) (persons)
Disparate fusion (c") )
6 22 6 - - Impossible
Disparate correspondence (p )
10 12 Muscular (c") )
3 12 3 - - Impossible
Disparate correspondence (p )
1 11 1 Hidden fixation disparity is revealed Impossible
1 22 1 22 1 Disparate correspondence Possible

¢’: cross test with central fusion point; p*: pointer test
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Fig. 6. Pointer test (A) and cross test with central fusion
point (B).I"

A
AAZA AR AFEAR]RI 0] GlE o= et o
A AFSIRE Folde FAIAATE =ed f-olt
o174 Yehd 107 7k2H 682 Table 60l YERA b}
Zo] TAFHH AN RS AAFAESY HEAIRE AL
SATHE B AIZ A= ojof sk tE
oA, EAIFE 224] L AIAIR ARE IUNE ALS-
W BYA dSAIE gt =3 108 7R
t] 3% Table 60l RN Hlo} o] FA83 A
RS AAIRAEY] g EAIER ARSI Q2 AL
2 ygEolof sk tIAE oA EAIES 24 ¥l
AAZ AFEE IR ARSSHA HE EYA AR
. 108 7hedl YA 17982 hollA AF3D vt
S} o] FoJUE FAAAF Eeub BedT7E Ha
3 gido] gk F AlEAolo|| Apo|7t EAjEE R tl8r}

e AT AAAIRIE ATAIR A3 B RS E
= ¢ 7 de e et

IHER 1497 BE SAME HAMEIN e
A AR ETE AAR A A EGES 3] oY
The AMES AgH o= 8181t Erkelens®} van Eed]
Aol oJshd Fto = A4E= Aol 2AsHA 9t
OS2 Y5 = Abze] AAshs A% ol2d Akl A
F2 SutEA] oA d4E F lna Bausginhh
Haase= 937 A2 FAIARE SN deto=
A= FAIR 0] Itz QX H= ARz AR T

o VIAE FEAEL B) e FAHT A Alole)
RAe o 208 Ve S 2o Hushdehi A
4 AT B Fig. 194 BE sk o] JRIFA M
HEA G AR g BRERIele] Az
3847 9] 3HE FHAEZ Haaser} AASAD 20 ol
F23] FESE WHo] FHGTH AAAEANE P

Vol. 27, No. 2, June 2022

FAAT AREFAIA Aol o] 1A o] 9.71e] E-3}5o
HaaseZ} A|AISIRAE 20" oS WHSA|7]A] Fstal it
aEE olyg FAGE AAEY 24 Al o
ol SASTEH AAAZTF AARAIZES] BEAEE A}
22 = gle Zog Algddh

AN AL HA Y] ZEE Ak SAe SASEHEA
A FO A H —0.26+£0.31 Ao]aL AAH A EAA=
it -0.8120.37 ASE YEIEO W, F 7}A] A|3E9] o]
S fst] SR E  AAS AT A T4
AAFAI L} A AR Al3E] Htgke] SAIZH SR frolgh
ZFo|7h e AL R YEFHTHp=0.001).

ol 79| Al TSRS Higke] -0.62
+£0.27 Aolal AJAIZ A|3Ee] Hitgho] —0.44+£0.22 Aol

FTAGHHAA LS} AAIR A3 Farghell BAH L
2 frogh 2pol7k = A(p=0.002)0-2 HAstid A7
Ax 9 7] 5o QA DAY FHFTAA AU G
MKH Z}FEONA 0.99+0.50 Ao]al A3 ARFA
ME 0.5240.46 Aol £-2J3F xko]7} A ATHp=0.000)=
AFAT} AR A9E BoFa Qo6

4 =

i)

1A, ZAN A} 457 7HeHl AARA et S48
AAAIE 23 AAIRIASE 37HA] B AU X E
[e)
A

Tt

BelFE 1338 AL Ul 32300 thstel S48
A AESE AR AENAN 22 AR Ao] 9]
A9) o458 JZdolEZ sel T AES] SHYH
U A Fo 58] p06130% eht frels
0,050 7HaE 7148 FEegonE FARHIA
AES] AEQA o]0} AAPA L] AEDA o A
2S00, FASHHUAAES AAJARE oF
W Anigel gloms FAGTIUANES AARAE
of YIEAER AHESRE A AAeA ke A0 e
sk,

s

g

fN e

29 AR Al AR 140 WA o
37 27890 tiste] AR RS W] W S8R
AR S ATAIR AlEONA 242 A sEAA| Q14 e
o] o4%-5 ZIZHolE R sho] F Al 3
THF A3} FoJgEC] p=0.596°2 YR frof
0.05°l11 7Md& 7178t Sskalem . SAe I A
Ale] AR R-eh AR ] Al E LA = A
2 SRRk As & 7 stk F FAeHAAE
Sk AARA RS oFFd Aol glem® S8R
AAEE AARAES] SRR ARSShs AL Hds)

N
o
it
ot

S

J Korean Ophthalmic Opt Soc.



Study on the Effectiveness of Cross Test with Central Fusion Point used as Substitute Targets for Pointer Test 143

A %2 FoZ Yelth

olggt AE FAIARFS BRI et MRHeR

P RS W) 279 712 129 AN 2 AAA
TS AAEAIESY AR AHEShe Ao] FAEE A
R AMIS BEFAHo g s 4= T

TESE AARAZEAIA] AlZEY Q1A 0] HHAYEEA] 282
2} 27800 tiste] A RE ZE|FoE g & &

TR AlEe} *174111 Aol Al ZHzE AR R]|Q14] 0]
AE=A9 ARE 7|2 oHE 3l F AR 59
A st Zuiﬂr frojgkgo] p=1.00002 Jeh} F4
AN AIAI O] ARG A F-o} AJAI A 3R] *li

Fe A2 SH40lge s ¢ 7 e S A4
Al3ES] HIEAIRE SHSHHEAAAEE AR A
AR e Ao w Yehyit)

o] Aol Hrla|A 279 9] HAMATE GAER F4
3 B Ao ME AAAIRE 2GS F 274 7| 209
o gpPgAtl AN AAIRA RS tirlste] S48 AR

AIEE AFEshE Ao A-ehA] ftke AMES AW

AN

=3 m>'

&4

O mx oX

ia\o o

é
jut)

|

7k glol BAk & A At 39 F 1

AN AABAFES] I‘H%A]Eiﬁ SEEEY
/kgﬂ-zﬂ- T Yo} e x
¥ hgAERA 4TS ém Fale Ao Yehi),

[\)
E
rr
Moo
By
>
Bkl
\
N
>
)
)
>

4GA. AR ESE A AIZAISERE ZR]E0 2 1l
I A RS FAIS o Hole Eofs ZelE 571 8l
Al &

AL g A A 117 7R 108 SR A
AN FETE AAR Mg HEARGDE T < jlvke A

o= e,
148l RE BHolN FEHOE MKH 2
AETH AANTE AAY AR HENETS @

T e Ao YEik.

B =52 20219% Al st shedte] Aoz

Vol. 27, No. 2, June 2022

REFERENCES

[1] Karania R, Evans BJW. The Mallett fixation disparity test:
influence of test instructions and relationship with symp-
toms. Ophthalmic Physiol Opt. 2006;26(5):507-522. DOI:
https://doi.org/10.1111/j.1475-1313.2006.00385.x

[2] Schor CM, Ciuffreda KJ. Vergence eye movements: basic
and clinical aspects, 1st Ed. Boston: Butterworth-Heine-
mann, 1983;465-516.

[3] Carter DB. Parameters of fixation disparity. Optom Vis
Sci. 1980;57(9):610-617. DOI: https://doi.org/10.1097/
00006324-198009000-00012

[4] Schor CM, Ciuffreda KJ. Vergence eye movements: basic
and clinical aspects, 1st Ed. Boston: Butterworth-Heine-
mann, 1983;517-540.

[5] Ko DY, Kim DH, Ko NY, et al. The study of effectiveness
of MKH test. J Korean Ophthalmic Opt Soc. 2016;21(4):
409-416. DOI: https://doi.org/10.14479/jk00s.2016.21.4.409

[6] Kim HI. The comparison of the subjective associated pho-
ria at near and distance by fixation disparity test charts.
Korean J Vis Sci. 2015;17(3):311-320.

[7] Kim SY, Kim HI. A study of comparison and analysis of
the distance subjective associated phoria measured with
MKH chart, Mallett unit and chart projector cross test
with a central fusion lock. Korean J Vis Sci. 2019;21(3):
373-387. DOI: https://doi.org/10.17337/IMBL.2019.21.3.373

[8] Kim HI. MKH theory and experiment, 1st Ed. Seoul: Dai-
hak Publishing Company, 2009;45-47.

[9] Seong PJ. Optometry, 9th Ed. Seoul: Daihak Publishing
Company, 2022;196-200.

[10] Kim HI. MKH theory and experiment, 1st Ed. Seoul: Dai-
hak Publishing Company, 2009;58.

[11] Kim HI. MKH theory and experiment, 1st Ed. Seoul: Dai-
hak Publishing Company, 2009;16-24.

[12] Erkelens CJ, Van Ee R. Capture of visual direction: an
unexpected phenomenon in binocular vision. Vision Res.
1997;37(9):1193-1196. DOL: https://doi.org/10.1016/S0042-
6989(96)00265-9

[13] Shimono K, Ono H, Saida S, et al. Methodological cave-
ats for monitoring binocular eye position with nonius
stimuli. Vision Res. 1998;38(4):591-600. https://doi.org/
10.1016/S0042-6989(97)00168-5

[14] Haase HJ. Zur fixations disparation, 1st Ed. Heidelberg,
DOZ-Verlag, 1995;11-114, 121-130.

J Korean Ophthalmic Opt Soc.



144 Jung-Won Cha

AMAIR ANEo| IR ANE2 O|REE A AXIA|ZO
Mo st AP

H1L0O O

R el
Ash st HEj# AAfo| A AL ek B, WS, AR 11644
7920229 59 59), 9L (20223 6¥ 2%), AAEE L (2022 6 1Y)

B2 AARAE thal FASTHE AAAEES ol8ske 2ol MKH #AelA Bldo] sle] olite) 1 &84
o] Bate] ZALS) Bzl ok W MKH BARE 913 71R2AE 5714 718 371X (AR E(K), AAIRAE
(2), DIFAFH)S} SAEHH AAAEE o] §ajo] AR 47 4TAZ o]Fold MKH S ST 5
A E 913k SPSS 23.08 0|43l EFANAAL Ak AR 19 F AR EFAAY A p=0.6132
= veht %—*&%J@QXWEE AAIANRS] HEAEE ARSE S Rl 740; vrERsteh. 2wl AARAlEE
AE BT 2N AT} AAR AR AT EA Y Js = Ao BlgsiA] e Aoz et
WP** 0.59, ps-1.000) 30 BV} 3% F 29 AT AT AARATS] IEATZN 4L
RHE o debde. 4xbl. opd 19 e 1094 SAEEH AANIIE AR Ase) g8
ﬁ%ﬂ < @ gle 2o YEith 28 MKH FAR] SASHH ARAEE AR Ale] eA R dS
3 4 Qe Ao et

FHO1: MKH, A% A, F4838 AL, hEAE, 584

<)

i

Vol. 27, No. 2, June 2022 J Korean Ophthalmic Opt Soc.



	시계침 시표의 대용 시표로 이용되는 중심융합점 십자시표의 효용성에 관한 연구
	서론
	대상 및 방법
	결과 및 고찰
	결론
	REFERENCES


