qQWsla)a (@0 d)Lad (@93 Cayy 5)9s el (3} eole alGiily (ibag)y olc alas

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

PP CINEICH JUVES S CS P L9y PR LS P SN 7 PR S WP [ A

"lins B e T s s e ¢ o A Ol
O] ¢sSabj, pgle s8] bl 20SU0D «es) abr bl cswaien 2955 ()
IS esSabpy ogle a8l ol csyglid by Spo (P

WAYAY/Y ol gl WAY/YNA wcdl s )b

R

33,5 (559000 9 by ials g Slusl glallas il38) cel Wl o &S cunl Jole oty Sius Idodlo
13l e Jolo cal U8 5 b)) calolid a0 Blgty & oS (@Rl gla)lpl el 5 oL
aEtslo]] ol mwyliel 5 ohb adlas ol Gun 5 salss Gl Jelie 55 ()9 04 #li5)) Cage
ool VEM-90.1 ol (Stasd Ol s jiotiaw

905 able g g asly (shb S8 35 Sl e 4l VEM-90.1 oK 10 (49, 9 g0
4ol oy g Srpal gl Wbl o) 5 48 YFA Ligal poe L abaie aalllae G 1 ol ol (omiolizel (gl
5 VEM-90.1 olSs (sllas dioy cpussd (sl s olisil (6 pppmd ol aill o)l ol (Siad Liori
Sl eolSiwd gl objy)l g cleMbl Lo 5 4355 (gl 9 20,5 eolitul adgl 5 )lulisl laie 4y CoSiudonl oKws
SPSS 53l py5 4 o 0303 3959 9 VFM-90.1 6823 g 4sl iy dlowg 4 5l o 005 (69l e cleMb)
(Receiver operating characteristic) 1) e powy 9 (ShoCawlus polie dulxe 4 vol11
20,8 asuie oy il )8 wlel p el Swd sl g A eolatul

AN lad oy 1Sk g 5ym /) uilS )3 SSE @8 gl)ls VEM-90.1 oK 5 piidg i (sld 4i5l
(YN )5 (sl jlans g JB)ash sy jlitel Slpss Sl g Sl (5551 s yShas a3l (g0 o>
@ (=AY Joles dob iy g 0lKiwd gults | Siueds .0 duwoloxo Vo B+ wlids )3 aslg (O/AY)g 3550 wlis )
Lghad (55 0 45 10,5 dule 35, (-Y/F) g (-Y/Y) (—+/0)Jslee VFM=90.1 ol iy bls5 g sl cowd
Ol 1y 4 (Sd an b o5ya (VIF)) 20 polie 5 hawgie (S 08 (Siud ((Siud (o (g G
A e

Ss5dsm asls Sy oozl b g5 o 4 Casl )13 oalsl VEM-90.1 olSis 36 5™ doed 9 oo
(ole Cono 9 €83l g )h)sd s g b g uled 25l (S 5 (oS g0 ]y e (St S o
oo S8 g b)) e agisSl o olialo] )3 adgl sl lyie 4 ol 51k 6l ol o
(Sid g sl Gy (riwyliel o (Mo jlisl plgie 4 503 Bl g ety (S oaiSy s
3903 o3latwl calisee Jelie )d jeui>

Sld i) espgeas sla wbl o)) ¢ ey (Siws VEM-90.1 oS 1505 5 2519

38 e Sy oo sl (Sl (5551 A5 S a1 gt 0k 55
Email: Rajabi@hlth.mui.ac.ir

\R X


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

OhEsa § (3la33)g (A8) OUAB-(AMD (STMA CI)eT (inaim olEiu)T al5Tws ¢ alw)lic) § Cialy o alb

S g8 9 SepS (Sl i) el (SuiS e
odd pMel &ld g oS (D 30 (dwed
(\'c\Y)-CAM)‘

Yook Jlo jo ooty @ Ve (59 g oS gl adllae o
Critical Flicker ) asls 5 oo 5,Ses ad pbol
s &S ob s bt g A (65 ojlul (Fusion
e Oygo 4 (Sigpsll S adllae pln 53 etz
P wlie s, Slee 5 cwl (oole i adlles 1 iy gy
aallas 5l pe (o) me s 4 (oole S adlllae
bil el el ey G e (Sl
o k> Sws (Subjective) aad
(VF-VY).,S
Oy (Objective) gus Gigo 4 &5 (6,55 I3l
DA )l oas sl (Flicker Value) S
i) JB 425 SUCFF) 5 535 yuges 5o ]
g 039 ool )8 5 Vb Colas (i SB35
(M) (o bl |y i 458 €83 5 b e

P oedy S bl sle oS ol 4 eyl
asgd solars] glo asb sy Cosl p)¥ Gl Lo
2 bl Al bl Ghen ()b g 253
ST S O 5 M| C 3 PRV R W R PO CSL VS
cublyy il gla L 3 b g ams 7 las o lzel]
2 ol Js 4 52,5 e Sl ) Slusy sl
oadls SOl ealawl 1 aay 1B 506 cos |y adllae
Mo lsie 4 (CFF 0las)Sijdesd 5 (s
&l pls a8 (Quality Check) s )luel
Syt el Wl o 298 (o0 03> Gy LSy Sl
ool edlatel b s (gam jledl b Al iy 4
el Gy 45 Ged g (Sl 4 ol (e ol
o (Snud syl IS5 Lelse @y 5 gl
28 byl (Objective) e o)jg0 4 1) kil
o 59, 9 2lge

Eilel oy S0 e il adlas oyl
9 i ele dilize plie )3 pede (Stud lode
slos g adlo g (Shb culie 38 p 35 g 58l coew

ARA

Aodlo

2 bl BBy ol n 5 e Sl S (el
3 e & iz el Goole e 35 bt
)b ons p egad (nl )3 1) (otee by (i )
ol plsl o 1) e o (sl gy Ll sl > (e
(V)] (o sl 4 wree sl 5yl md (65 aily
@ oo oyl Yoemo g 039 oyl 5 ol o Sius
5l Gl gyl e 457 (Grg0 53 9398 (50 0yl
G Ml o Al sl bl atsgy a5 ol boAsl
S Ygono (V)dgd i (s il culS p Ol yuis
s b g g (oo plxl cBd b )5 &S Jloj jd euis
CutS b g Sl sl oo b g ciuns Ols b S oS
@k S s 929 b g () Sz slayg L
Sl &S By Loguases 1l eds Siud dbel oy
(V)-ssly asdls dolsl paui> I8 e SYobo

ol Jle s by (ISl Ko IS o 4
b ol b g Spe ar oo ol odls Slislas oy
g d>g8 0jg> Ml o Situd (0)cun] ouds pMel gax
G (FE)slod (gole s 5l pngamme 1y ] 38 pe5
i 5 (Sud oy & cul b ol @ ggose
5305 2 8 Sl 9 ol wiy Omle g 039 5luLL
e Ol 4 Wl o wil anil ddsl datwey S
(V)25

ol 4 lete sl (5399585 gy 25 L 0ol
sl bl 5 bRl SeuelS des 3l G
» ¢y & (Visual Display Terminals) ¢ guas
wole Oliiss ol wlel p aiws Jle b s b
ol Oldllas (el o pMel o> slo )b
5 i 9 Conl e adin YR LM (¢ g
(Ve )i (oo 1,8 15b cox 1y 58 s

Sy g wo @b e Jold ek (Siud
2 ()l oo g ooui sl )d o I8 daldl 5l g)l50
Sryal b Abl Gl ) 2 & il Sl
2 olid 0,0 ol ol 3l ol st Cawl ol plool


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

qQWsla)a (@0 d)Lad (@93 Cayy 5)9s

el (3} eole alGiily (ibag)y olc alas

A L)l Jelie G, ohuls ohe > o]
Sloygilnl Wl s JonslS (lp)lS d Cannl L
L Wge oo 15 ploel (el 5 VWA Sledbl 55 5
oo o)y Ae 0]l (g5 o> AD lisebol 5
ol Cawd 4y 485 YOV

Cardl i ] adlan & 390051 b S8 S 13
5 oy oMl ol )lSl g LSIN 5 el
o b oyl Sl S il 4 deg by Bl able
& )y wes ksl VEM-90.1 oKiws b siiwlgs
Oinlel Ban @lSrey S,08 Gl wdle S b
35 GR35 el a3 b 5 15 5 les ot
S olen 4y T Slolag) 5 13 03l b0l Lt
plovl ol Slivlojl ¢ g 033wl dos ialej

S g Sy Sl s e
il cied] o ) 5 ilis ey U5 5o i
g okl I 255 S b I VDT )8 aids Vo
g dalllas (g iugli sanlie Wiled Lada S &S n
65 ol dape gl e D gtes 55 Gl
5 4ol oy by 4 (per shift) ;) oy (Suus
4 oaiS ¢S pb 4l s plosl VEM-90.1 o8y
ool ol 08 cullad A s g5 Y8 e
ol (sl aoma Juizdl olej ol sl aollas
ab)3 s > aady £ (After shift) jilejl pgs dls po

Lolss ouiS” 8 s 51,08 55 (oS o3ll Can
o ol dshad clunl o 1) 25 ouis &S Wb 0
55 sl (58 TS5 ol aabl 5 5 285 3
Ohn ol axe 4 oigh ilefl g ead )
2 e lad el sl > a5 1y guds (Flicker) g
ohalel basg 455 o cptalef] gl 3 & s
by 52 YO & adg) (ulf)8 35 (o0 (lul 0igd
2 ol alowg 4y S8 55 b e 0ol sl i
Pam g Jd)al iwyy JeoSS L ploj o g alsye 9
Wb S g (g8 0l (als e

g 4ol oy dhwg 4 SleMbl ()0l zo> I an
SPSS (o bl 38l 55 e s 03y VEM-90.1 ol
L ooy cad & lp g oxd  Jawvol.11
Sl Swd lg s 5 (Cut off points) oy
9 I8 )5Sl (85)) Ol g el oy litel lpes
(ROC Sy (oo s 5 (3,8 2 (sl aldlae 5l amy

\RA

A5 Al 6Kwd

d..’b CFF L.J‘).u.:u L)"L‘"] » oKy L?‘)Jo dtﬁ.ﬁ
g Ml (o0 ey (S Ol 05 sl sde
S 55 Gl bl g qoediy (Sud Sl
dn Jolds Lol Cuond 93 (glyly VFM-90.1 o>
B s & (sSls 4 Sy 5 S 5 (550 U
dazl o8 Ggalym bama s ) MelS’ oS sl i ol
05 Sedz (6)9 @i Sy 50> G )3 9 05 (o0
3 (LED) a8 £ clab b 595 grio ool 033 aye
Oygo & P ) el S Cew 4 Fa B Gl )
A Sloj alold 258 (oo Ghgels g by dlwgn
Oy 5 01 3,950 CFF [aS L alowg 4 S8 5|
iz Gl Sl B ey (S i o
Sob sin Jols olftwd (pl Ab saled Sl 1) e
iy S o o w2l o SaigSl
dL“’ 4\.413).1 450)9.1 e dT > J.Al.w &S ol LS}-{)‘
9 3 8des (S8 S50 9035 035 395 3 1) Jlai 359
oRiwd gy il o o> sl ol p oy bl
2 & (s LED) S o8 oY sae 90 VFM-90.1
o Ol g by e 5 0ad JpS sl )8
aun inled oo S oSt ol gl Ji Mg
S g oy Jlbye ol sl s oS u
S @9)9 > (oo Galed 1) SWls (8501 5 (29
Syd pMel WS S asis :ols VEM-90.1 o
g g (055 o 8 skisd Ltalel Ll o 48)Sile
Bl (o0 60 g TV 5

Dy 5 odlatwl ] 5l adlas oyl a8 6,505 )5
o Snpa b Akl ()l ohgy (e (Siud ol
Sd ) solanl cVlew b olen a5 ail
S b oldl gl e g Sl S a0y GleMbl (e
(;’)ML ° <IVO 4sls O g u)bl.: S 6)91 x> odisS

g 5 iy b nd 5 @l (omeliel cax
Ban b ghis go 5l gl adllan 0Siwd aul> (S
Sbl ol 518 YOV g9y 2 WA Jlo 3 (g5le I3
oKl edlitwl b il Jeldo 3 (spoa o
Ui ol iwy 9 VEM-90.1 e i (Siwd
S5 Wi by 5D pbsl g (Slb ede (Suud


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

OhEsa § (3la33)g (A8) OUAB-(AMD (STMA CI)eT (inaim olEiu)T al5Tws ¢ alw)lic) § Cialy o alb

o3y Lisles (wilSyd yoolie 3l eolatwl b g A edlatwl adyl
olRiwd (29)3 58 3l 5 CgSudpusl dlaog 4 005
g b Al Al yo cpiin (0 s oy 5 VEMOO0.1
Jeoyd 0lKtwd Hl38l o5 g 438l Cows > Ol ploal b
A5 0l el See JBlis 4 oBiwd glad 1 S5ke
(Resolution) i a8 18,5 ,las 5 b colys
oy ke Fya /Y Jole VEM- 90.1 oKy
el Cawd 4 2o yd +/A olKiwd glas

Olyas)oliwd jloel wlpss @Slis adlas ol )
L dple 55m (SF/Y) ldlao e g B8 55 (el 5
doog 4 005 dpslyy ety (Stud Ol gShe
ol Dyl Loubi  Sind ol Cawnd 4y OIAY aobs i
s Slpass 9 Ve B olide )3 el sy oy 4
05,5 s (HZ) 50 iy S o5 )i

SleMbl ) by bl luls 5 oms sy
VEM- 68w g 4ol vy dlowg 4 odd (55903,5
e g (Shy Calus slo (a3l 4l 5 90.1
Olpass g5y &S pl @ avg b oolital STy o
5 oy 5 (F B peln ol 5 Sl 33
oy Olypss g0y )0 29390 blE olad pad ol
Oy dhad plgie 4 Fya /) alol 4 e /Y b
“Cuwlas gl e dbl a (gly g ead 5
e g B (e ) e g 5 (S) (oxle) S
ool 2 g 1,8 (g Bl job @ bl o ()l
Oyl (e ) sl 9 (ShamCamlas plie oy
() oylod Jgdo)dol o s (55,0 =+ /0) oy abais

9ol eg 3 2o (S B jolie S (gam pB 0

= /0] S WSMs s, e glyly 48T a5l ST,
psd Uiy 4k olie 4 e blE solod Ndg 35ym
5 Sry el plie 5 Sy Gode 5 0l 5)
iy Y Aol @ oosliel el gy e ) pdaw
o)led Jgdo Billae J0 —V/V pgd (b dla g dnlne
T @l Bilas 5 U3 ol alie Clule SoS7L
VI doi oKy pow oy dbd & ojled Ji» jo

el Cowd 4

\FAN

(Optimum)aigs iy alei dw g A3 sdliisl curve)
{Sensitivity)cowlas  polie  duwslre  diwy @
(Area under s yj xew {Specificity) S,
9 Juos g a5 dP)yls xe ghaw 4 the curve)
5l VEM-90.1 oiws sl sopy duobxe (4lp
g b oalatwl (adel 5)lulinl laie d)os Sl oK

F2-F1

s s,y £100= X Edbal) dsg 4

135 duwbro 05w
Cug o ) 0l Al slallas o> Sk (E %)
ilej!
dae o(F2) g VEM olKuss [ Suisles wils )8 sae (F1)
oSl o&wd j3 oad 03l ol Jlojer wilS )8
g3y gl B

x5 Hges jlam g o 48 YOV adgl ge w2
cSyd Gl e ¥ ol b Aol ey ddoe 58
ladlas 4 59)5 cla)bre Cule pas b 4 (S
odliznl B cla diged dlusi g i Gl g)lol aslllas
28 g ials a5 YFA & coluolze )

o)) £ Sy Jigos do 3 VE/Y adllas oyl jo
5 opobe Wdgr ool duo pd BIY ¢ WA CleMbl S 10
FIF g YOIV iy 4 Bais ¢S pb w jlre Byl
CFF clss jasls jlae Bliodl 5 (:50ke 5 Jlo
VEIS g (FFN B )y o 5ym /330 o (-V/VO) 5
o pd YOIY 5 540 ddlllas opl o BASS €805 oy
g 13,5 o odlitwl Siue a1l aoyd VV/F g
@ Sl 5 g edy LS Cae 86 S Ak,
Al e el ool

93 3l eyl )8 edlatnl 350 (sla ) Kiiulod dlllae oyl yd

4 g (o FYIYILCD 4 (as)s YE/VICRT g4
ol OF/AY Sioles U o8l gl alold buwgie job
aole gly el cand 4 VWAL Jlee Gl b jze
Jolie 5o lfiws slod sy b,y JBlas 4 5 s
3kl g 4 cgSiudunl o&und 1 5lige 5 ci bl


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

qQWsla)a (@0 d)Lad (@93 Cayy 5)9s el (3} eole alGiily (ibag)y olc alas

40U Ll y +/T0 3litel g 55 52 (—+/0) 4y dlads Cladeuito .Y 2)lowd Jgu

Sliebsl aliols I e paw Sylslinl Blyssl i ) oo
YU «l,s ol @l
BAVNY Ja¥Y P<0.001 o[ -[as¥
4ol e sl Conlu Shs
[EVAM /Ay FAN
<[S¥AD /a4 [+aA
555V <A «[+AY

40l Ly 1 VY Lol g 5552 (YY) 0 dails iliaseiiso .Y olond Jgu>

Sliebsl alols I ixe e Sylsibal Bl oxie i e
YU «l,s ol @l
Javy RIS P<0.001 [evy /ayy
4l e sl Conlu Shs
Y/¥YY /a4 <Yy
Y/¥eY /a4 NAMY
V/¥YY <A NAM
Y/o.¥ JASE AN

40l Ly 31 YIAN Uil g 55 52 (-Y/£) W0 dails ilaseiiso Y olend Jgu>

Olisebol dlols M gre g Sylilinl Blyoul bz 5 adaw
NIPERS oml 4l
VY- <A P<0.001 o[y /200
Aol s yy el ol Sk
Y/VE¥ NIN¢2 /5
Y/vva NN o/-YF
Y/AN NIN¢2

iy (N (g5 S 9 (S g Comwlus Gl G905 I Jols gl € 0)lend Jgu

ol duolmo oy BB oMb duslire by bl Sho Cplas s el (Sd (Sl
(Hz) o505 ) (a2 S5 S s s
) .15 [a.y /a4 S el

(-+/6<)Hz
Al YIvs -1AVD <124 oS Siud
(-+/# 5-Y/¥)Hz
-Y/¥ YIAA Vo -IA¥S bugio  Stud
(-¥/¥6 -Y/¥)Hz
-Y/a YIA avaY -IAYY KPRV R CIES
(-v/o >2)Hz

\E2


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

OhEsa § (3la33)g (A8) OUAB-(AMD (STMA CI)eT (inaim olEiu)T al5Tws ¢ alw)lic) § Cialy o alb

95 oS g 4 ol a9 wida 2 |y e
S e e Spgo @ g e g 1S ol S
&S ol (6yl3l gl o ol les yglp |y et
VDT ol ey (St clallas gl 5l oslil |
9 Cawl 0ud i liel g aidle dbgipe dob iy g
5 0351 )0)55 0 (Joid M (pale como g 2ol ol il
O3l olg e del cund a4 ol (gl S xbaw s b
Jelio plo 3 b asl iy (2w )lisl g calo
Sy cwlio gyl 3l s&wd (pl cpin o 25 eolatwl 35
cuslio 3)90 53 (gl Wy Cullipy maasiie ai)lbl
bl (o (ol (S bl p 5o Jelge (392
oo 4ol iawy jl edlatel g bl LYy )
o Sl spyal gl Al Gl ol (Ss
o 6olel Sluaslma (gl o] ) ozl g ol gl
o)l pj dlge 4 ly (o sedz Sid Jip bW
Dged
oy il s sl Jlaw VO (glyly joS K0 ol i i)
@ G g 0392 J0)08 p (oole J5d BB lael
YA dob iy dex 5l alde sl dol iy
gl y ol g 5 @y oea g Kuze a5
ol b ol dol iy Syl 5l el e 02l
5l el Heuer dob iy dilon yiaS” &Yl
ot Sk Do g5 el 5 S g 4
i ol Bl R g e iy, )
Gk sl Al Gy culee g ubre (elod 4l
(F)os 45 15 ol i
4wl ey (ElgS Gl o) bl
Oy o o g Cawl /YO Jolre o (5,5,
<I<+/0)odgs Jays3p p3Y B plidl I asl
o b g diun oximd jued ] &Ylgw g (+/Y0
(Pl lags oo o L ol 39>
5 s 3 55 ) K n sl oS 55 G
o LB e o) g el e 5 cliios
I ren 4 g oals asudie (e (S
oy 9 Shy olas plie g (glo] Slasle
Siad g g by bl 5 A5 eslitl S, i
S 39 Fyp =B by db gl 0)S e el
4l oy 150 Slal Jolas ¥ ojled Jgio obel
ook dnl 5 = /0 goluo b a8 polde il o
0 dulee by aladl (pegd Wimd (o Ll 1) (Sius
shiel Jolee ¥ ojless Jodo wlwl o aS 240 35,8 =V/Y

S5 4ol g S
uiu.«.> d)j o)l.\.:‘ dl.b)b.:‘ ;Lm)l l.: 9 el 0)5)A|
ol sl saunte glajll (g 5 035 dmwgs Sl
L b i SO Ojgo 4 (St Glie g ©Ad 605
Sioled g9 4w g9y p (Y+oV)o)Ken 5 chich
iz slo ) Siinled 36 wyp Ban b opx > Jglie
2 Cold) 5 ol 3 Slas (ede (Siud i
Iy o e 4By Voo Sdo 4y HBALS ¢80 b plodl

Ol @mls bl 058 adlas il sla Sitales L
pLsl PAD (g5 jl e ol o5 ol gloj )5 b
S5 Kl 3 & o ot (i 33
P oedr (Sd 2b)l og e G G 50
an g J8 CFF 556 (5 ojlal dswg 4y 305 0
@ Ll Codgde 4 dng b (V) pbl iles]
S oo e Sl dllas ol 53 0sd (558
ool ALBI g9 S b (oS Oy dy (el

Wl golaw Il Yeoh Jlo (6,5 adlles j»
Al p BRLS (Shed @ g b oLy,
bl b b ol daly g (Sogsl gl e QUIsS
o & 0b Lt @B 025 (owyp (ol (Sl
Bl cage () e ©ypo @ wnd o by 1S,
o ey Sd e SRl g B e Gl
alas cpl 5> (UuS9 Vo 5l i (2l 3) 293
oy 9 CFF @iy alowg 4 ploj o ol (S
(0)ks 68 o)u] b 0> oo b g 5 sl
O bl adlas cpl o 0ad (65,8 @ gl
oo o0 b s 5 4208 |y paty (S ol
ool 005 Yl oanss

CleMbl 30 leld 59y p & ()% adlas
g s St daly 15 plgl YooV Jlo 5 VA
5 i) b g Aoy a6l g3 ol
Ont b sxe g St alaly &l ] ) (Sl b
(YF)a )y dgng ol slojlis g ali — 0,8 )b
oS obly g w8 Wb 1) alayly atuily baad dslllas oy
ol 215 1, oy S sk

VM- ais Swd Olus Gioduw oK
S (VN )ogd o G ogisS)l oBylojl Il 5, 90.1
St yrall S Sl pioxi el p Ml e
b 5l et e e {CFF change) sl


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

qQWsla)a (@0 d)Lad (@93 Cayy 5)9s

el (3} eole alGiily (ibag)y olc alas

5 Ceyw b ol o (VEM-90.1) e olStws (il
sy ol olel Slusbe ploxl b g (g <
3y 290 (il |y (ol (Stud gla el oy
3yl cax adgl o)kl Gl a4 oKy oyl
5 35 odlitl ade Stad b Loy sla)il il
ol (Siad g CB3 p e Jelse Sl acgerne
b 2lidsy glie )5 (S8 5 Uy Sy ilen))
SAddp Gl 5 e oldy) Cud (soan g
Shb cule Sl Cbul golaw 5 b Siles
5 Slel da Stylos )il caslio Jolsd o 518 Lo

st D905 byl IS g s Cpge b (g i
955 e aBilel lnl G oKy ol
il @ 5B ojle (o eal 3 1) el cpl g 0ad (5
ol Ol b el g ceslio 2k caa 3 ol sl
ool gblse 5l 00,8 oolitwl g (S8l 5 o el
Sl g 0gal a5 5 ol (g dinje oS 4 b oS
w95) slo oBalofl > ol g @) 5 208

..3)5 D)Lw‘

8 o 35w loaw
Coglee j1 Al o p3Y 395 BNk g adug cp
9 Oledel (Sbp pole oK (gl 5 olidsg

“"S)"" Al 9 b)f)le(w ui“’)" ,n9l.c oKl (g

References

1.American academy of ophthalmology, p-
ediatric ophthalmology and strabismus. 6"
ed. The United States Of America; 2002-
2003. P. 13-8.

2.American academy of ophthalmology ,
refraction, optics , refraction and contact
lenses. 3th ed. The United States Of Ame-
rica; 2002-2003. P. 432.

3.Ukai K, Howarth PA. Visual fatigue cau-
sed by viewing stereoscopic motion images:
Background, theories, and observations. Di-
splays 2008;29(2):106-16.

4.Shahraminia NA. [Evaluate possible solu-
tions to reduce accidents caused by driver
fatigue.] J Med Mashhad 2011;4:12-7.(Pe-
rsian)

5.Iop A, Manfredi A, Bonura S. Fatigue in
cancer patients receiving chemotherapy: an

AR A

10 ) a8 sl GuilS il e Aol oy VIS
by o olii ]y o (S anl <Y/ dbs U 35ya
O 35yp =YY pow by dall alie () I el
O 4l aBl o del oy YA Lol Joleo oS 0
Ol 1y bawgte (Saud Fpp V¥ b 3 Y/F L
L5 (Siwd 4l 5, =Y/F | meS olie g dad 0
A o e

S Sl @l < g bl olo; o
OLi I3l 9 alwg 4 (halafl 5l a9 B ) et
g T= AVl e b e Siered okind
Ol @l 5 ol oyed jair a dw (P<0.001
o &y 2,8 Sls (3551 blie )5 350 (oo il 4ol
Ol (Ssed cpl 9 2k (0 U35 5 omb by il
@ oy (S Ol hoxis )1 93 50 4 amd (oo
il ) ede (Sud Sl (i Wy o 295

S (S 5 o5 o G gl adllee Gl
Js )as oolazul (ol osmn (glol (sla g0l 5l et
(Vo9 ol (gas pdaw 181 olKwd 5 4ol yiwwy oS oy
5 o5 ol 92 o adlas cpl @l jleslinal b (loj w2
aS 59 oLl ASS pl @ canl pY S0 gl S
s piox bl Gy giles)lslil gl
el o b alisee () glo bamo 5 Jolio )3 ol

analysis of published studies. Ann Oncol
2004;15(5):712-6.

6.Habibi E, Pourabdian S, Rajabi H, Deh-
ghan H, Maracy MR. Development and val-
idation of a visual fatigue questionnaire for
video display terminal users. Health Sys R-
es 2011;7:132-8.

7.Barnes E, Bruera E. Fatigue in patients
with advanced cancer: a review. Int J Gyne-
col Can 2002;12(5):424-7.

8.Anshel J. Visual ergonomics in the work-
place. AAOHN J 2007;55:414-20.

9.Rajeev AG, Sharma M. Visual fatigue an-
d computer use among college students. In-
dian J Comm Med 2006;30:193-3.
10.Blehm C, Vishnu S, Khattak A, Mitra S,
Yee RW. Computer vision syndrome: a rev-
iew. Surv Ophthalmol 2005;50:253-62.


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

OhEsa § (3la33)g (A8) OUAB-(AMD (STMA CI)eT (inaim olEiu)T al5Tws ¢ alw)lic) § Cialy o alb

11.ISO. Safety reducing the incidence of
undesirable biomedical effects caused by
visual image sequences. ISO IWA3; 2005.
12.Kazuhiko Ukai PAH. Visual fatigue cau-
sed by viewing stereoscopic motion Imag-
es. J Med Care 2008;29:106-16.

13.Kang YY, Wang MJJ, Lin R. Usability
evaluation of e-books. Displays 2009;
30:49-52.

14.Abolfazli A. [Laboratory of Industrial
Ergonomics.] Tehran: Jam-e-Jam; 2004.
(Persian)

15.Lin PH, Lin YT, Hwang SL, Jeng SC,
Liao CC. Effects of anti-glare surface treat-
ment, ambient illumination and bending cu-
rvature on legibility and visual fatigue of
electronic papers. Displays 2008;29:25-32.
16.Lin CJ, Feng WY, Chao CJ, Tseng FY.
Effects of VDT workstation lighting cond-
itions on operator visual workload. Industr
Health 2008;46:105-11.

17.Wu SP, Yang CH, Ho CP, Jane DH. V-
DT screen height and inclination effects on
visual and musculoskeletal discomfort for
Chinese wheelchair users with spinal cord
injuries. Industr Health 2009;47:89-93.

\RAY

18.Raw B. E-book; an uncertain future. Te-
ch Notes: American Library Association;
2004.

17.Carlson S. Students complain about de-
vices for reading E-book. Study Finds: The
Chronicle of Higher Education; 2002.
19.Boss RW. E-book; an uncertain future.
Tech Notes: American Library Association;
2004.

20.Abolfazli A. [Laboratory of Industrial
Ergonomics.] 1" ed. tehran: Jam-e-JAM;
2004. (Persian)

21.Hjollund NH, Andersen JH, Bech P.
Assessment of fatigue in chronic disease: a
bibliographic study of fatigue measurement
scales. Health Qual Life Outcome 2007,
5:12-8.

22.Wu HC, Lee CL, Lin CT. Ergonomic
evaluation of three popular Chinese e-book
displays for prolonged reading. Int J Industr
Ergonom 2007;37:761-70.

23.Wiholm C, Richter H, Mathiassen SE,
Toomingas A. Associations between eyestr-
ain and neck-shoulder symptoms among
call-center operators. Scand ] Work Env-
iron Health Suppl 2007;33:54-9.


https://sjimu.medilam.ac.ir/article-1-1249-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2025-12-15]

qQWsla)a (@0 d)Lad (@93 Cayy 5)9s

el (3} eole alGiily (ibag)y olc alas

~ Development and Validation of a Laboratory Instrument for
Measuring Visual Fatigue Variations

Habibi E', Rajabi vardanjani H'*, Dehghan H'

(Recived: November 8, 2013

Abstract

Introduction: Visual fatigue could decrease
precision and increase human error, hence
declining productivity. Development of
ergonomic laboratory instruments for dia-
gnosing, evaluating, and monitoring visual
fatigue could help enhance productivity in
different occupations. This study aimed to
develop and validate the laboratory instr-
ument for measuring visual fatigue varia-
tions (VFM-90.1).

Materials & Method: VFM-90.1 was desig-
ned and programmed based on registering
changes in Flicker value. Then a cross
sectional study was done to validate the
instrument and 248 users of video display
terminals (VDT) were enrolled and a visual
fatigue questionnaire of VDT users was
used. For measuring error of the instrument,
an oscilloscope was used as an initial stan-
dard and data were simultaneously gathered
both through questionnaires and the instru-
ment. Subsequently, SPSS (version 11.5)
software was employed to analyze the data,
calculate sensitivity and specificity values
and receiver operating characteristic (ROC)
curve. In this way, the areas of visual fati-
gue were obtained.
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Findings: VFM-90.1 had the resolution of
0.1 Hz and average error of 0.8%. The ma-
ximum changes in flicker value and ques-
tionnaire score (prior to and after inter-
vention) was calculated to be -4.1 (in Hz)
and 5.83 (in 0-10 scale), respectively. Corr-
elation between results of the instrument
and questionnaire was -0.87 and the cutoff
points at -0.5, -2.2, and -3.4 Hz values were
defined as none, low, and moderate visual
fatigue areas, respectively. The values less
than -3.4 Hz were assigned to indicate seve-
re visual fatigue area.

Discussion & Conclusion: VFM-90.1 is the
first instrument that can estimate visual fa-
tigue variations using a biologic index and
scientifically has adequate precision and
authenticity. This instrument could be used
as an initial standard instrument in ergon-
omic laboratories to evaluate and interpret
factors affecting visual fatigue. So, an effe-
ctive measure could be taken to enhance er-
gonomic and occupational health.

Keyword: VFM90.1, visual fatigue, VDT
users, flicker value
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