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The Principle of Gloss Measurement and
the Study of Gloss Measurement on the
Surface of Dental Prosthesis
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When the patient needs to make a dental prosthesis (dental crown) at their own expense, the
patient hopes that the color between the dental prosthesis and the real tooth can achieve a color
shading aesthetic state. Although the colorimeter can provide the lowest color difference in the
crown's color, due to the difference between the material of the crown and the real tooth, there will
be a considerable difference in gloss at the actual clinical practice. Commercially available gloss
meters mainly measure the coating surfaces of large-area engineering products, and their probes
are too large to be measured in the patient's mouth; and the measurement spot size is too large,
which may easily cause measurement deviations for a small area of the front teeth. Therefore, this
article will explain the gloss measurement principle and use the 60° mirror gloss of the glazed
ceramic white porcelain (ASTM C584-81) and Zemax OpticStudio” optical software to perform the
small gloss meter light spot with a body thickness of more than 10 mm research on the range and
diffraction limit. Based on the optical simulation results of this study and comparing the gloss data
between the crown and the real tooth, we determined that the spot range of the micro-gloss meter is
between 1 and 3.8 mm, and the optical design is close to point light source, so reduce the aberration
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of the optical system and improve the parallelism of the collimated light. This research can import
gloss measurement into the dental prosthesis gloss measurement to improve the aesthetic quality of
the dental prosthesis.
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JIS 78741 S Hi[E 1.567 ne = Y 100
ASTM C584 AHE 1.540 FHTE KHE 94
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Illumination angle (°) Applications

20 High gloss of plastic film, appliance and automotive finishes
30 High gloss of image-reflecting surfaces

45 Porcelain enamels and plastics

60 All ranges of gloss for paint and plastics

75 Coated waxes and paper

85 Low gloss of flat matte paints and camouflage coatings
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Signal zu klein Optimaler Sattigungs
messbereich bereich
Signal too low optimum
measuring range ~ Saturation

Hochglanz
high-gloss
> 70@60

Oberflache
surface

Muster 1/
sample 1

Mittelglanz 60°
semi-gloss
10-70@60°

Mattglanz 85
low-gloss
<10@60

Vil

10 20 30 40 50 60 70 80 90 100

» Glanzeinheiten (GE). abhangig vom gewanlten winkel i
gloss units (GU). dependent on the chosen geometry
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[EHRFIE © NIST SR G H &R R » WHEE R BRI IR R 3 - HAE
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KRR S 2 DGR R T AL ST - LED BotIRiCmiEsE 6.43 mm % - HEASEMN
BT - HOPTOERAE 50 mm FEEERRE ARV RIE - R 22 8 SO HERGHE
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JCEE RN ARG 60° 0 SMURFSRFRIRIEFRE - B8t R R N-SF11 #8 - SME 5
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Calibration standard
60° =98 GU
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m ~ FEREAETER

AROURI R T 2 BB E T AE SRANE 10 P » #5t MRfE (LED) B3 (PCX) BKIAIZE
% (EE R 1.9 mm) ZAYIEREE 6.430 mm o ASEHE M1 PCX EREIEHHE - EHAE ST
FEREFFRIP) AL - M1 PCX & SRELHE RS (FALEEA ) ZERVEERER 50 22K - KB
FREFAEI S HHELL 50 mm HIFEEERE M2 PCX #2058 © BH#E & IR 2 H  AOBBE R/ N By
3.8 mm - Z[E 11 fs - ABEBARBIEER - RilRE B AEER - HRERR 5FE
RBE A/ N TR ZE o DA% - RILEEET BN Tl e LB R EIE R 3.8 £ 1 mm
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Surf: type Comment Radius Thickness Glass Semi-diameter
OBJ Standard Infinity 6.430 0.000
1 Standard Infinity 1.900 N-SF11 0.864

* Standard 45227 -5.890 50.000 2.500 |U
3| Coordinat.. 0.000 - 0.000

4* Standard MIRROR Infinity 0.000 MIRROR 2.500 |U
5| Coordinat.. -50.000 [P - 0.000

6" Standard -5.890 P —-1.900 (P N-SF11 | p 2.250 |U
7 Standard Infinity -6.452 |M 0.763
IMA Standard Infinity - 0.017

10. B 7 R St 2 bR 2 -

Scale: 5.2000 millimeters
J————
|
T S—

Aperture diameter: 5.0000

Footprint diagram

45227 Plano-Convex Lens
2017/6/1

Surface 4: Mirror

Ray X Min = -0.9434 Ray X Max = 0.9434

Ray Y Min = -1.8831 Ray X Max = 1.8905 zmax_45227_GLOSS.zmx
Ray Radius = 1.8905 Wavelength = 0.5876 Configuration 1 of 1

11. #FR & dobs Ko -

IRIR ol B2 B AT RUAS S - P — D TR R - R TR R S A sk -
13 fir - BT EERA 6061 $a&atidf @ [EER 2 mm @ SR SBRUEIR A
A SRRES S HIBERE B8 AR U R AL - DIHE SRR TR ERIAR S & - Pinholes & Iris # 5y
TEEHRZMN  BATRESTESHMN  EFZHE AN - o] DAEfE T8
S P B B ES TR - RS DU IFBEHE (~98 GU) #ETEHI - B M1 PCX B85 BIE TR
1-4 5RAIAIE (B 9) 2 10 R - BpddtB2stitisit - B REREH BRI BN g2
EERTHVEE - FIRFHEFUART e LR RS R IR - B EIDEEER 2t EE o, [Im] »
HEHEAKHER () FR e

D, =Ky -jqn(,i)-m(/l)-dz (1)

B Ky, = 683 Im/ W B AR R AOEREF R » 2 [nm] Rtk - @ @) [Wnm] Rtk
%

H
HE -V, (A) RCREECICR IR EL - WINEEDEENE - SURTHERE o) B CIE R4
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OBJ: 0.0000, 0.000 (deg) - 0.5876

o

o

=)

<
Surface: IMA IMA: 0.000, 0.000 nm

Spot diagram

45227 Plano-Convex Lens
2017/6/1 Units are um. Airy Radius: 2.986 um
Field : 1
RMS radius : 10.569
GEO radius : 16.832 . zmax_45227_GLOSS.zmx
Scale bar : 40 Reference : Chief Ray Configuration 1 of 1

12. 2% 2 &3t B R BG4 IR K]S ©

Pinhole

13. R BB R ARt -

Sl C HORESERI G - AR () o SRR B PRI HER o) HI2
FEFE V() 0 S BHETE R Oc () T V() » SEDERER p,(0,) ERHERIIfEE 6, 20° © 60°
5 85%) » AT F R (2) i -

CI)v,r (90 )

. 2

P (6h) =

®,,(0) I @, SFURRHHASICEE - 16 FERIF AP FTRIERER T -
BAETHE) @) A -
.., (60) = [dO] 2 ®;(0.2) p(0.2) Vi () K ©)
@, = [dA-®i(2)-V2(A) Ku )

p(6, 1) RIZEYIRERI S EDEEE =R - A 0 ZE#E 0, A - BOLIEARITER R E
4 o FEREEE ASDEAR MR ISR - BTV @, 1A AR - 2K B Bliom BT 4s
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HIER 1 T AR (5) T -

I :IQD(A)-R(/I)-dﬂ
= J'cp(,l) “R-Vy(A)-r(A)-dA ®)

R
=——-0,, (Im-A/W
Lo, )

M

Hrf R[4/W] %W?ﬁﬂ”géﬁ—%ﬂﬁ r(/l) TEE AT R bR B R 5 O B PR ORI B 2 ]
HyZE 5 - TP AR FE AR - N IRER (6) o -

N=I-4 (6)

A[V/A] BRI » SRARTTHESC (5) YEEEMLAATTRER (2) -

N, 4
N; A

E i 0 2 BIFRRE AR IR GE BRI EE - WRRSERES 6, G0, THY
FREDEER N (8) B -

pv(g()) -

(7

G (@) = G. (@) - 2 (%) 8

(6o)=Gs(6o)- o (60) 3

G,(0,) 72 T EEHERTSREDLERRE » p,,(00) T p,(00) 53 B2 GRS A0 - BT HE A 85 1 58k

R - JEHIER (7)) (RATTES (8) » SHEIAGUER ML AT O AR AR B 38 Y S 3R o
Nr,t . Ar,s
Nr,s Ar,t

ﬁﬁ%‘?ﬁﬂ%ﬂ%&ré’ﬂﬁ%ﬁ%ﬁfﬁéﬁii FRHER S TG FERI AR B IR SR WS AR e A S5
ERYHEERHBR - EEERERSEADEGERH N (10) £R -

G/ (6h) =G (6h)-

©

G, (60) = Gy () —L= 10
(&) () o) (10)

Hr G (0,) EHEREEERBHDEER » po (00, Ap) BIEE 1p = 589.3 nm HYE Fm AR HERY 1A S
§T+ p, EVIRFAFAERI SR SR - BRI AR - EEmIEENSEEDOEERR G,0)
=100 °

BB E SR SR p BURAFEEA B GEELR - R A A SRS EEAIER(L
o (pors) EEMASA 0 - (FliE S EnI KBS E RS RHIBEE AR (1)~ (12)

n*(1)-cosf— \/nz(l) —sin’ @ ’
p0.2,p)= . (11)
n*(A)-cos@++n*(1)—sin> 0

cosf —+/n (/1) sin 0
cos@+\/n (A)—sin* @

p(0,4,5)= [ (12)

Horbon BT HER o FRMRA LA ST ERSE E R R S SR T R (13) R -
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p(0,4) = %[p(&ﬂ,p) +p(0,4,5)] (13)
TESCIRARYE - BER R ERITI RIR Ap fs n(Ap) = 1.567  FEEERIZYE p, 0y, Ap) FETR
RS R AR E IR I A R SRIA S AR A0 (1) 2 (13) - HAERYIRE 4 -

& 4. KA Ap=589.3 nm AEAR A BB AT A 136 K E R AT R @ R F py (0, Ap) ©

Ilumination angle (°) Po By, Ap)

20 0.049078
60 0.100056
85 0.619148

i BRI CER R RIS — EHR G R R IR - REH R 2R Rm N~
R - REMREEEY) - REEOLHE - M Zemax® BESBEIREHRE & S LT
JEEEZ EIRURHRBATE - BT RATE 14 s - (LS R ARERERS - SEE SRR - 58
EHOCEERK - It - PrTEAGSL > RSB NRENDEE R BRE RS Wk
S eS IR S E

Surface roughness ra (um) and reflectance (%)
100

90
80
70

60

40
30
20

10

0 0.025 0.05 0.1 0.2 0.4 0.8 1.6
Ra (um)

B 14 RATF L mmr g Z MEE -

ES

FRHE EYHIEA H R iR B ] DUERENH IS - (CMSCEEREE - lR T A BHE
BESN - R RE R BA GEryn 25 - HE S S - 25 /it - ki
PEFIET B RS ERBIEET (computer-aided design, CAD) [RIH A EE ff 7T A A A S LSS AT RHEE
Yy BIEIERI A SR ARG AR - At - BRI FEE TR - MBS
TREEEE R - HORBERI R R 1.0 2 3.8 mm c #FEETE 15 mm N o AR
BT BT ERDLRE - fHE A0 seT - JMasem 1R M I PSR S 2 RHE R YR
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1. SR aRRIET | I A B A SRR, A nE A E O B R R e ), B2 R
https://dep.mohw.gov.tw/domhaoh/cp-486-54049-107.html
2. Spectro Shade Spectroshade micro II, please refer to the web site:
https://spectroshade.us/products/spectroshade-micro-ii
3.1SO 2813:1994 Paints and varnishes -Determination of specular gloss of non-metallic paint films at 20 degrees, 60
degrees and 85 degrees (1994).
4. ASTM D523 -14 Standard Test Method for Specular Gloss (2014).
5.1SO 7668:1986 Anodized aluminium and aluminium alloys -Measurement of specular reflectance and specular gloss at
angles of 20 degrees, 45 degrees, 60 degrees or 85 degrees (1986).
6.JIS Z 8741:1997 Specular glossiness -Methods of measurement (1997).
7. ASTM C584 -81 (2011) Standard Test Method for Specular Gloss of Glazed Ceramic Whitewares and Related Products
(2011).
8. ASTM D1455 -87 (2008) Standard Test Method for 60°  Specular Gloss of Emulsion Floor Polish (2008).
9. ASTM D2457 -13 Standard Test Method for Specular Gloss of Plastic Films and Solid Plastics (2013).
10.ZEHNTNER ZGM 1120 Glossmeter, please refer to the web site:
https://igt.jp/zehntautom/zgm1120andintro%202019.pdf
11. NIST Measurement Services: Specular Gloss, please refer to the web site: https://tsapps.nist.gov/publication/get pdf.
cfm?pub_id=841838
12.Nadal, M.E., Thompson, E.A., Journal of Coatings Technology,72, 61 (2000).
13.BYK Instruments micro-gloss of Checking Standard, please refer to the web site:
https://www.captainandcompany.com/pdf/micro-gloss GB.pdf
14. Rhopoint Instruments Novo-Gloss 60 Glossmeter, please refer to the web site:
https://www.chung-tsang.com.tw/_i/assets/upload/files/Rhopoint Novo_Gloss_Glossmeters%2020180403.pdf
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