ACTA
STOMATOLOGICA
CROATICA

www.ascro.hr

Bostjan Pohlen?, Marko Hawlina?, Igor Kopac®

Acta stomatol Croat. 2019;53(3):207-212.
DOI: 10.15644/asc53/3/2

ORIGINAL SCIENTIFIC PAPER
1ZVORNI ZNANSTVENI RAD

@029

The Influence of the Extent of Color-Vision Deficiency on Shade-

Matching Ability

Utjecaj stupnja poremecaja kolornoga vida na sposobnost

prepoznavanja boja

! Prosthodontic Department, Faculty of Medicine, University of Ljubljana, Slovenia
Zavod za stomatolosku protetiku Medicinskog fakulteta Sveucilista u Ljubljani, Slovenija
2 Department of Ophthalmology, Faculty of Medicine, University of Ljubljana, Slovenia.
Zavod za oftalmologiju Medicinskog fakulteta Sveucilista u Ljubljani, Slovenija

3 Prosthodontic Department, Faculty of Medicine, University of Ljubljana & Prosthodontic Department, University Medical Centre Ljubljana,

Slovenia

Zavod za stomatolosku protetiku Medicinskog fakulteta Sveucilista u Ljubljani i Zavod za stomatolosku protetiku SveuciliSnog medicinskog

centra Ljubljana, Slovenija

Abstract

Objective: To evaluate the influence of the extent of color-vision deficiency on visual shade-matching
ability. Materials and methods: Six groups were investigated: the control group (N = 68), the protan
medium deficiency (PMED) group (N = 5), the protan strong deficiency (PSTD) group (N = 5), the deu-
tan mild deficiency (DMID) group (N = 5), the deutan medium deficiency (DMED) group (N = 5) and
the deutan strong deficiency (DSTD) group (N = 8). The color vision of the participants was evaluat-
ed monocularly using the Hardy-Rand-Rittler (HRR) test and on an HMC Anomaloskop MR (Rayleigh
test). The final exam on a Toothguide Training Box consisted of 15 lightness—chroma—hue tasks. The
color difference (AE",) and the shade-matching score (ZAE" ) were computed. The means and the
standard deviations for the ZAE", were calculated. An independent t-test was used for statistical
analyses of the data and a comparison of means (a = .05) for protan groups and a one-way analysis
of variance (ANOVA) and a post-hoc Bonferroni test (a = .05) for deutan groups. Results: The PSTD
group had a mean ZAE" of 63.38 + 9.52, which means their selections were significantly worse in
comparison to the PMED group (ZAE", = 47.62  9.88, p = 0.033). The selections of the control group
were significantly better in comparison to all groups with color-vision deficiency (control—PMED, p =
0.031; control — PSTD, p < 0.0001; control — DMED, p < 0.0001; control — DSTD, p < 0.0001), except
in comparison with DMID group (p = 0.082). The comparisons between deutan groups were not sig-
nificantly different (DMID — DMED, p = 0.352; DMID — DSTD, p = 0.323; DMED — DSTD, p = 1.000).
Conclusion: Participants with strong protan color-vision deficiency are worse at shade matching than
participants with medium protan color-vision deficiency.
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Introduction

Shade matching is present in daily restorative and esthetic
dentistry. Shade matching is performed by using visual and/
or instrumental methods. Although many instruments have
been developed for shade matching, it has been done most fre-
quently using the visual method. The visual method is known
as shade matching and is performed using dental shade
guides. A tooth or restoration is compared with color stan-
dards, usually in a tooth-shape form, made of ceramics, acryl-
ic or composite. The factors that influence the shade match-
ing are more important for the visual method (1). Congenital
color-vision deficiencies affect visual shade matching (2, 3).
Congenital color-vision deficiencies can be divided in pro-
tan red-green deficiency (predominantly red axis affected) and
deutan red-green deficiency (predominantly green axis affect-

Uvod

Odredivanje boje svakodnevni je zadatak u restaurativnoj
i estetskoj dentalnoj medicini. Boja se odreduje vizualnim i/
ili instrumentalnim metodama. Iako postoje mnogi instru-
menti za odredivanje boje, najéesée se ipak primjenjuje vi-
zualna metoda. Vizualna metoda odredivanja boje obavlja se
s pomocu kljuca boja. Zub ili restauracija usporeduju se sa
standardima boja, obi¢no u obliku zuba izradenih od kerami-
ke, akrilata ili kompozita. Cimbenici koji utje¢u na odrediva-
nje boje vazniji su za vizualnu metodu (1). Kongenitalni po-
remecaji kolornoga vida utje¢u na vizualno odredivanje boje
(2, 3). Mogu se podijeliti na protanopiju (pretezno smanje-
na osjetljivost za crvenu) i deuteranopiju (pretezno smanje-
na osjetljivost za zelenu). Hardy-Rand-Rittlerov (HRR) test
(4) identificira poremecaje kolornoga vida u crveno-zelenom
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ed). Hardy-Rand-Rittler (HRR) test (4) identifies color-vision
red-green and blue-yellow deficiencies and can differentiate
the extent of the deficiency in mild, medium and strong, sep-
arately for red-green and blue-yellow color-vision deficiencies.
To the present authors’ knowledge, the influence of the extent
of the participant’s color-vision deficiency measured with the
HRR test on the visual shade-matching ability on Toothguide
Training Box (5) (TTB) or VITA 3D-Master shade guide has
yet not been published. The purpose of this study was to eval-
uate the influence of the extent of color-vision deficiency on
the visual shade-matching ability. The null hypothesis was
that shade-matching score, XAE’ , of participants with strong
color-vision deficiencies would not differ from the score of
participants with medium or mild color-vision deficiencies.
The second null hypothesis was that shade-matching score,
IAE |, of the control group would not differ from the score
of all other groups with color-vision deficiencies.

Materials and methods

The work has been approved by the appropriate Ethics
Committee related to the institution in which it was per-
formed. Informed consent was obtained for experimentation
with human subjects. The study was presented in broader ex-
tent in a previous article by Pohlen et al (3). The color vi-
sion of the participants was evaluated monocularly using the
HRR test. The test is a color-vision-deficiency test with 24
pseudoisochromatic plates in a book. The participants with
a color-vision deficiency found on the HRR test were also
tested on an HMC Anomaloskop MR (Rayleigh test (OC-
ULUS Optikgerate)) to confirm the diagnosis for red-green
color-vision deficiency. Six groups were formed based on the
results obtained on the HRR test: the control group (with-
out color-vision deficiencies) (N = 68), the protan medium
deficiency (PMED) group (N = 5), the protan strong de-
ficiency (PSTD) group (N = 5), the deutan mild deficien-
cy (DMID) group (N = 5), the deutan medium deficiency
(DMED) group (N = 5) and the deutan strong deficiency
(DSTD) group (N = 8). One color-vision-deficient partici-
pant (diagnosis based on the Rayleigh test on the anomalo-
scope) was excluded from the study, because no color-vision
deficiencies were found on the HRR test.

The HRR test differentiates color vision into normal if
correct responses were given to all six screening plates. Protan
red-green deficiency (predominantly red axis affected) was
classified if the total number of checks in the protan column
was greater than in the deutan column. Deutan red-green de-
ficiency (predominantly green axis affected) was classified if
the total number of checks in the deutan column was great-
er than in the protan column. The extent of all the defects
could be mild, medium or strong. The last group of plates in
which errors occur gave the extent of the participant’s color-
vision deficiency (4).

Color-vision deficient participants were also tested mon-
ocularly on an HMC Anomaloskop MR (Rayleigh test). An
anomaloscope is an optical device designed to test color vi-
sion by matching a yellow light which may be varied in in-
tensity with a combination of red and green lights of con-
stant intensity.

The Extent of Color-Vision Deficiency .

i plavo-zutom spektru i moze ih razlikovati prema stupnju
kao blage, srednje i jake. Prema dosadasnjim spoznajama au-
tora, nije objavljeno istrazivanje o utjecaju stupnja poremeca-
ja kolornoga vida sudionika izmjereno HRR testom na spo-
sobnost vizualnog odredivanja boje u Toothguide Training
Boxu (5) (TTB) ili klju¢u boja VITA 3D-Master. Svrha ovog
istrazivanja bila je procijeniti utjecaj stupnja poremecaja ko-
lornoga vida na sposobnost vizualnog odredivanja boje. Nul-
ta hipoteza bila je da se ocjena podudaranja boje — XAE*ab,
sudionika s jakim poremecajem kolornoga vida ne bi trebala
razlikovati od rezultata sudionika sa srednjim ili blagim pore-
mecajem. Druga nulta hipoteza glasila je da se rezultat podu-
daranja boje ~XAE*ab, u kontrolnoj skupini ne razlikuje od
rezultata svih ostalih skupina s poremecajem kolornoga vida.

Materijali i metode

Istrazivanje je odobrilo Eticko povjerenstvo institucije u
kojoj je provedeno. Dobivena je suglasnost za istrazivanje na
ljudima. Istrazivanje je opsirnije predstavljeno u ranijem ra-
du Pohlena i suradnika (3). Kolorni vid sudionika ocijenjen
je monokularno primjenom HRR testa. Rije¢ je o testu pore-
mecaja kolornoga vida s 24 pseudoizokromatske ploce u knji-
zi. Sudionici s poremecajem kolornoga vida koji su otkrive-
ni HRR testom takoder su testirani na HMC anomaloskopu
MR (Rayleighev test, OCULUS Optikgerate) kako bi potvr-
dili dijagnozu za crveno-zeleni daltonizam. Na temelju rezul-
tata dobivenih HRR testom formirano je Sest skupina: kon-
trolna skupina (bez poremecaja kolornoga vida) (N = 68),
skupina sa srednjom protanopijom (PMED) (N = 5), sku-
pina s jakom protanopijom (PSTD) (N = 5), skupina s bla-
gom deuteranopijom (DMID) (N = 5), skupina sa srednjom
deuteranopijom (DMED) (N = 5) i skupina s jakom deute-
ranopijom (DSTD) (N = 8). Jedan sudionik s poremecajem
kolornoga vida (dijagnoza na temelju Rayleighova testa na
anomaloskopu) iskljucen je iz istrazivanja jer na HRR testu
nisu utvrdeni nedostatci.

HRR test diferencira kolorni vid na normalan ako su na
svih Sest ploca za provjeru dobiveni pravilni odgovori. Crve-
no-zelena protanopija (pogodena pretezno crvena os) prisut-
na je ako je ukupni broj pogodaka u protanskom stupcu bio
vec¢i negoli u deutanskom. Crveno-zelena deuteranopija (pre-
tezno zelena os) prisutna je ako je ukupni broj pogodaka u
deutanskom stupcu bio ve¢i negoli u protanskom. Stupan;
svih poremecaja moze biti blag, srednji ili jak. Posljednja sku-
pina ploca u kojima se pojavljuju pogreske daje informaciju o
poremecaju kolornoga vida kod sudionika (4).

Sudionici s poremecajem kolornoga vida takoder su testi-
rani monokularno na HMC anomaloskopu MR (Rayleighov
test). Anomaloskop je opticki uredaj za ispitivanje kolornoga
vida i spaja zutu svjetlost razli¢itog intenziteta s kombinaci-
jom crvene i zelene svjetlosti stalnog intenziteta.

Protokol s Toothguide Training Boxom (5) bio je jednak
kao u istrazivanju Pohlena i suradnika (3). Zavrsno testira-
nje bilo je binokularno i sastojalo se od 15 zadataka za odre-
divanje svjetline — zasi¢enja — tona. Ti rezultati za podudara-
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The protocol on the Toothguide Training Box (5) was the
same as in Pohlen et al (3). The final exam was tested bin-
ocularly and it consisted of 15 lightness—chroma-hue tasks.
These shade-matching results were recorded on a laptop com-
puter connected to the TTB and were subsequently pro-
cessed. The color difference (AE’ ) between the task tab and
the selected tab was computed as follows:

AE" | = ((AL*)?+ (Aa*)*+ (Ab*))'"
where AL¥, Aa* and Ab* denote the differences in the light-
ness, chroma and hue coordinates.

The L*, a* and b* values of all 26 shade tabs were ob-
tained from measuring three completely new shade guides
with a spectrophotometer VITA Easyshade Advance. Each
tab was measured three times under color-corrected light
(Dialite Color, Eickhorst, Germany) with a color-correlated
temperature of 5500 K, 1500 lux and 92 CRI. The average of
all nine measurements was taken as the L*, a* and b* values
of each of the 26 shade tabs, as in Pohlen et al (6) (Table 1).

The shade-matching score, ZAE , for each participant
was computed as the sum of the color differences (AE" ) be-
tween all the task tabs and the selected tabs. The lower XAE"
scores corresponded to better shade-matching results and vice
versa. For a set of 15 exact matches this score would be zero.
The means and the standard deviations for ZAE" | were cal-
culated.

An independent t-test was used for statistical analyses of
the data and a comparison of means (a0 = .05) for protan
groups and a one-way analysis of variance (ANOVA) and a
post-hoc Bonferroni test (o = .05) for deutan groups. A one-

Table1 L* a*and b* values of the 26 shade tabs from the VITA
3D-Master measured with the VITA Easyshade Advance
spectrophotometer.

Tablica 1. L*, a* i b* vrijednosti 26 uzoraka VITA 3D-Mastera mjerenih

spektrofotometrom VITA Easyshade Advance

Stupanj oStecenja kolornoga vida

nje boje zabiljezeni su na prijenosnom racunalu spojenom na
TTB i naknadno su obradeni. Razlika u boji (AE*ab) izme-
du zadanog uzorka i odabrane boje izratunata je sljede¢om
jednadzbom:

AE*ab = ((AL*) 2 + (Aa*) 2 + (Ab*) 2)'2,

pri ¢emu AL*, Aa* i Ab* oznacavaju razlike u koordinati svje-
tline, zasi¢enja i tona.

Vrijednosti L*, a* i b* svih 26 uzoraka boja dobivene su
mjerenjem triju potpuno novih kljuceva boja spektrofoto-
metrom VITA Easyshade Advance. Svaki uzorak izmjeren je
tri puta pod korigiranim svjetlom (Dialite Color, Eickhorst,
Njemacka) s temperaturom od 5500 K, 1500 luksa i 92 CRI.
Prosjek svih devet mjerenja uzet je kao vrijednost L*, a* i b*
za svaki od 26 uzoraka, kao u istrazivanju Pohlena i suradni-
ka (6) (tablica 1.).

Ocjena podudaranja boje — ZAE*ab, za svakog sudionika
izratunata je kao zbroj razlika u boji (AE*ab) izmedu svih za-
danih i odabranih uzoraka. NiZi rezultati za ZAE*ab odgova-
rali su boljim rezultatima podudaranja boje i obrnuto. Za set
od 15 to¢nih podudaranja taj rezultat bio bi jednak nuli. Izra-
¢unati su prosjek i standardna devijacija za ZAE*ab.

Za statisticke analize podataka upotrijebljeni su neovisni
t-test i usporedba sredina (o0 = 0,05) za skupine s protanopi-
jom te jednosmjerna analiza varijance (ANOVA) i post-hoc
Bonferronijev test (o = 0,05 ) za skupine s deuteranopijom.
Za usporedbu svih skupina s kontrolnom skupinom koriste-
ni su jednosmjerna analiza varijance (ANOVA) i Bonferroni-
jev post-hoc test (o0 = 0,05). Analiza podataka obavljena je u
programu SPSS 22,0 za Windowse (IBM).

L* a* b*
1M1 85.06 -1.91 11.43
1M2 85.46 -1.86 17.59
2M1 81.24 -0.76 12.96
2L1.5 80.97 -1.48 16.21
2125 81.22 -1.26 21.61
2M2 81.58 -0.38 18.33
2R1.5 80.94 -0.06 15.34
2R2.5 80.68 0.09 21.2
2M3 81.21 -0.44 24.04
3M1 75.77 0.26 13.94
3L1.5 74.29 -0.1 17.88
3L2.5 75.26 0.52 23.77
3M2 76.79 1.07 21.07
3R1.5 75.01 1.17 16.06
3R2.5 75.21 1.63 22.84
3M3 76.69 1.38 26.32
4M1 70.62 1.57 15.34
4L1.5 71.2 1.27 19.64
41.2.5 70.91 2.1 25.7
4M2 71.57 2.48 21.97
4R1.5 71.22 2.83 18.93
4R2.5 70.99 3.46 24.7
4M3 71.47 3.24 29.3
SM1 65.99 252 16.87
5SM2 67.16 4.2 24.56
5M3 68.06 5.54 33.3
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way analysis of variance (ANOVA) and a post-hoc Bonferro-
ni test (o0 = .05) was also used for comparison of all groups

with the control group. The data analysis was performed us-
ing SPSS 22.0 for Windows (IBM).

Results
The PSTD group had a mean ZIAE*ab of 63.38 + 9.52,

which means their selections were significantly worse in com-
parison to the PMED group (ZAE", = 47.62 + 9.88, p =
0.033, Tables 2, 3, Figure 1). The selections of the control
group were significantly better in comparison to all groups
with color-vision deficiency (control — PMED, p = 0.031;
control — PSTD, p < 0.0001; control - DMED, p < 0.0001;
control — DSTD, p < 0.0001), except in comparison with
DMID group (p = 0.082). The comparisons between deutan
groups were not significantly different (DMID — DMED, p
= 0.352; DMID - DSTD, p = 0.323; DMED - DSTD, p
= 1.000) (Tables 2-4). The ZAE" | of the final exam for all
groups are presented in Table 2.

Table 2

The Extent of Color-Vision Deficiency .

Rezultati

Skupina s PSTD-om imala je prosje¢nu vrijednost za
ZAE*ab od 63,38 + 9,52, $to znati da su njihovi odabi-
i bili znacajno losiji u usporedbi sa skupinom s PMED-om
(ZAE*ab = 47,62 + 9,88, p = 0,033, tablice 2. i 3., slika 1.).
Odabiri kontrolne skupine bili su znac¢ajno bolji u usporedbi
sa svim skupinama s poremecajem kolornoga vida (kontro-
la— PMED, p = 0,031; kontrola — PSTD, p < 0,0001; kon-
trola — DMED, p < 0,0001; kontrola— DSTD, p < 0,0001),
osim u usporedbi sa skupinom s DMID-om (p = 0,082). Us-
poredbe izmedu skupina s deuteranopijom nisu se znacajno
razlikovale (DMID — DMED, p = 0,352; DMID - DSTD,
p = 0,323; DMED - DSTD, p = 1,000) (tablice 2. do 4.).

ZAE*ab zavr$noga testa za sve skupine prikazan je u tablici 2.

The results of the final exam on the TTB (ZAE" , + Std. Deviation) and test statistics (independent test for protan groups and a one-

way analysis of variance (ANOVA) for deutan groups) for ZAE" .
Tablica 2. Rezultati zavrsnog testa na TTB-u (ZAE", + std. devijacija) i statistickih testova (nezavisni t-test za skupine s protanopijom i
jednosmijerna analiza varijance (ANOVA) za skupine s duteranopijom) za ZAE", .

n Mean ° Sredina SD t df p
Control * Kontrola 68 31.57 13.50
Mild ¢ Blaga (PMID) 0 0 0
Protan » Protanopila Medium ¢ Srednja (PMED) 5 47.62 9.88 -2.569 8 0.033
Strong © Jaka (PSTD) 5 63.38 9.52
Sum * Ukupno 10 55.50 12.36
F df ?
Mild ¢ Blaga (DMID) 5 47.92 11.93
Deutan » Deuteranopija Medium ¢ Srednja (DMED) 5 64.73 13.20 1.831 2 0.194
Strong © Jaka (DSTD) 8 63.52 19.16
Sum ¢ Ukupno 18 59.52 16.76
Table3 A one-way analysis of variance (ANOVA) for the control F df ?
Tablica 3. ?enddnzrs?'r:?:rfgoaunpasl'iza varijance (ANOVA) za kontrolnu 16.224 2 <0.0001
skupinu i skupinu s protanopijom
Table 4 A one-way analysis of variance (ANOVA) for the control F df ?
and deutan groups. 20.521 3 <0.0001

Tablica 4. Jednosmjerna analiza varijance (ANOVA) za kontrolnu
skupinu i skupinu s deuteranopijom

70 A

£ 40

60

50
]
W

20 A

10 1

.

control PMED PSTD

DMID DMED DSTD

Groups

Figure 1 ZAE" for the final exam on the TTB.
Slika 1. ZAE’, za zavrsni test na TTB-u
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Discussion

Approximately 8 % of males have congenital color-vision
deficiencies (7-9) in comparison with 0.5 % females (7,9).
Research on the effect of color-vision deficiencies on visual
shade matching is rare, because congenital color-vision de-
ficiencies are rare and are an “immensely well-kept secret”
(10). Secondly, research is mostly not able to discriminate
different color-vision deficiencies (i.e. anomalous trichro-
mats— protanomalia, deuteranomalia, tritanomalia from di-
chromats (more severe deficiency— protanopia, deuteranopia,
and tritanopia)). In addition, it is not able to evaluate the
extent of the subject’s color-vision deficiency measured with
the HRR test (i.e., mild, medium, strong) and its influence
on visual shade-matching ability. Classifying by severity of
the red-green color-vision deficiency is more useful for pre-
dicting the effect on performance (11). Spalding (11) report-
ed that subjects (medical doctors) with moderate and severe
deficiencies had more difficulties compared with the results
of those with mild deficiencies. The present study was able
to evaluate the extent of the subject’s color-vision deficiency
measured by the HRR test and differentiate it in mild, me-
dium or strong deficiency, separately for protan and deutan
red-green deficiency. Five color-vision deficient groups were
formed: the protan medium deficiency (PMED) group (N =
5), the protan strong deficiency (PSTD) group (N = 5), the
deutan mild deficiency (DMID) group (N = 5), the deutan
medium deficiency (DMED) group (N = 5) and the deu-
tan strong deficiency (DSTD) group (N = 8). In addition,
it was able to evaluate the influence of the extent of the sub-
ject’s color-vision deficiency on visual shade-matching abili-
ty (Tables 2-4). The results of the present study showed that
PSTD group (EAE’, = 63.38 + 9.52) was significantly worse
in shade matching than PMED (EAE’, = 47.62 + 9.88, p
= 0.033). To the present authors” knowledge, the informa-
tion that a greater protan color-vision deficiency extent has
more influence on visual shade-matching ability on Tooth-
guide Training Box (TTB) or VITA 3D-Master shade guide
has yet not been published before. On the contrary to protan
color-vision deficiency, there were not significant differences
between deutan groups. This is the reason why the first null
hypothesis can be rejected only for protan (predominantly
red axis affected) color-vision deficiency.

The selections of the control group were significantly bet-
ter in comparison to all groups with color-vision deficiency,
except in comparison with mild deutan red-green color-vi-
sion deficiency group. The piece of information that color-
vision deficiency affects shade matching is not new. It is in
accordance with many previous studies, (2, 3, 12-15) and it
is in fact “common sense”. This is the reason why the second
null hypothesis can be rejected for all protan and deutan col-
or-vision deficiency groups, except for DMID group. Further
investigations with more participants with different extents
of color-vision deficiencies are needed in future.

Conclusion

The extent of the participant’s color-vision deficiency
measured with the HRR test partially affects the visual shade-

Stupanj oStecenja kolornoga vida

Rasprava

Otprilike 8 % muskaraca ima kongenitalni poremecaj
kolornoga vida (7 — 9) u usporedbi s 0,5 % Zena (7, 9). Istra-
Zivanja utjecaja poremecaja kolornoga vida na vizualno odre-
divanje boja rijetka su jer su kongenitalni poremecaji kolor-
noga vida rijetki i neizmjerno su dobro cuvana tajna (10). Isto
tako, u istraZivanjima se uglavnom ne mogu razlikovati razli-
¢iti poremecaji kolornoga vida (tj. trikromatske anomalije —
protanomalija, deuteranomalija, tritanomalija od dikromat-
skih anomalija — protanopije, deuteranopije i tritanopije).
Uz to, ne mogu se procijeniti opseg subjektivnog nedostat-
ka kolornoga vida mjeren HRR testom (tj. blagi, srednji, ja-
ki) i njegov utjecaj na sposobnost vizualnog odredivanja bo-
je. Razvrstavanje prema tezini poremecaja kolornoga vida u
crveno-zelenom spektru korisnije je za predvidanje sposob-
nosti razlikovanja boja (11). Spalding (11) je istaknuo da su
ispitanici (lije¢nici) s umjerenim i teskim poremecajem ko-
lornoga vida imali viSe poteskoca u usporedbi s rezultatima
onih s blagim poremecajem. U ovom su istrazivanju auto-
ri uspjeli procijeniti opseg poremecaja kolornoga vida mje-
renjem HRR testom i podijeliti ga na blagu, srednju ili jaku
protanopiju i deuteranopiju. Formirano je pet skupina s po-
remecajem kolornoga vida: skupina sa srednjom protanopi-
jom (PMED) (N = 5), skupina s jakom protanopijom (PS-
TD) (N = 5), skupina s blagom deuteranopijom (DMID) (N
= 5), skupina sa srednjom deuteranopijom (DMED) (N = 5)
i skupina s jakom deuteranopijom (DSTD) (N = 8). Uz to,
mogao se procijeniti utjecaj stupnja poremecaja kolornoga vi-
da subjekta na sposobnost odredivanja boje (tablice 2. do 4.).
Rezultati ovog istrazivanja pokazali su da je skupina s PSTD-
om (ZAE*ab = 63,38 £ 9,52) bila znacajno losija u odrediva-
nju boje u odnosu na onu s PMED-om (ZAE*ab = 47,62 +
9,88, p = 0,033). Prema spoznajama autora, nema objavlje-
nih podataka o tome kako stupanj poremecaja kolornoga vi-
da utjece na sposobnost odredivanja boje u Toothguide Trai-
ning Boxu (TTB) ili klju¢u boja VITA 3D-Master. Za razliku
od protanopije, nije bilo statisticki znacajnih razlika izmedu
skupina s deuteranopijom. To je razlog zasto se moze odbaci-
ti prva nulta hipoteza.

Odabiri kontrolne skupine bili su znacajno bolji u us-
poredbi sa svim skupinama s poremecajima kolornoga vida,
osim u usporedbi s blagom deuteranopijom. Podatak da po-
remecaj kolornoga vida utjece na sposobnost odredivanja bo-
je nije nov. To je u skladu s mnogim dosadasnjim istrazivanji-
ma (2, 3, 12 - 15) i zapravo je zdravorazumski. To je razlog
zbog kojeg se druga nulta hipoteza moze odbaciti za sve sku-
pine, osim za onu s DMID-om. U budu¢nosti su potrebna
daljnja istrazivanja s vise sudionika s razlicito izrazenim pore-
mecajem kolornoga vida.

Zakljucak

Opseg poremecaja kolornoga vida mjeren HRR testom
djelomi¢no utjece na sposobnost vizualnog odredivanja bo-
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matching ability. Participants with strong protan red-green
color-vision deficiency are worse in shade matching than par-
ticipants with medium protan red-green deficiency. The se-
lections of the control group were significantly better in com-
parison to all groups with color-vision deficiency, except in
comparison with the mild deutan red-green color-vision de-
ficiency group.
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Sazetak

The Extent of Color-Vision Deficiency .

je. Sudionici s jakom protanopijom losije su odredivali boje
u odnosu prema onima sa srednjom protanopijom. Odabiri
kontrolne skupine bili su znacajno bolji u usporedbi sa svim
skupinama s poremecajima kolornoga vida, osim u usporedbi
sa skupinom s blagom deuteranopijom.
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Cilj: Zeljelo se procijeniti utjecaj stupnja ostecenja kolornoga vida na sposobnost vizualnog odre-
divanja boje. Materijali i metode: Ispitano je 3est skupina: kontrolna skupina (N = 68), skupina sa
srednjom protanopijom (PMED) (N = 5), skupina s jakom protanopijom (PSTD) (N = 5), skupina s bla-
gom deuteranopijom (DMID) (N = 5), skupina sa srednjom deuteranopijom (DMED) (N = 5) i skupina
s jakom deuteranopijom (DSTD) (N = 8). Kolorni vid sudionika ocijenjen je monokularno primjenom
Hardy-Rand-Rittlerova testa (HRR) i na HMC anomaloskopu MR (Rayleighev test). Zavrsni test sasto-
jao se od 15 zadataka za odredivanja svjetline — zasi¢enja — nijanse s pomocu Toothguide Training
Boxa. Izracunata je razlika u boji (AE*ab) i ocjena je podudaranja boja (ZAE*ab). Izracunati su prosje-
ci i standardne devijacije za ZAE*ab. Za statisti¢ku analizu podataka upotrijebljen je neovisni t-test i
usporedba sredina (a = 0,05) za skupine s protanopijom te jednosmjerna analiza varijance (ANOVA)
i Bonferronijev post-hoc test (a = ,05) za skupine s deuteranopijom. Rezultati: Skupina s PSTD-om
imala je prosjecnu vrijednost za ZAE*ab od 63,38 + 9,52, sto znaci da su odabiri ispitanika bili zna-
¢ajno losiji u usporedbi sa skupinom s PMED-om (XAE*ab = 47,62 + 9,88, p = 0,033). Odabiri u kon-
trolnoj skupini bili su zna¢ajno bolji u usporedbi sa svim skupinama s poremecajem kolornoga vida
(kontrola — PMED, p = 0,031; kontrola — PSTD, p <0,0001; kontrola — DMED, p <0,0001; kontrola —
DSTD, p < 0,0001), osim u usporedbi sa skupinom s DMID-om (p = 0,082). Usporedbe izmedu skupi-
na s deuteranopijom nisu se znacajno razlikovale (DMID — DMED, p = 0,352; DMID —DSTD, p = 0,323;
DMED — DSTD, p = 1,000). Zakljuéak: Sudionici s jakom protanopijom losije su sparivali uzorke boja
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