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SUMMARY

Introduction The objective of this case series report is color matching of the central incisors all-ceramic
crowns and determine the color difference between those crowns and contralateral or neighboring intact
natural incisor using the AE_ value from CIELab formula.

Case Report The subject of this color assessment was all-ceramic crowns for central incisors for three
young female patients. The intact natural incisors were used as the target shade for the all-ceramic crown.
After tooth preparation and intraoral scan, everything was done at once, regarding the design of restora-
tion and model. For these cases, we used Ivoclar ZirCAD PRIME multi A1 (Ivoclar, Schaan, Liechtenstein)
block. For proper shade mapping polarized picture with grey card for digital calibration is necessary as
well as one standard picture for mapping the color effects. For tooth color mapping we used the eLAB
software (eLAB Prime, Freiburg im Breisgau, Germany). Highest AE  value for all three cases was 2.7 or
less, which indicates that the color is clinically acceptable, considering acceptability threshold value of
less than 2.7 (three-year follow-up confirmed acceptable color appearance.

Conclusion Following recommended protocol based on the eLAB software software (eLAB Prime), clini-
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cally acceptable color of the all-ceramic crown were obtained.
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INTRODUCTION

The delivery of natural looking restoration
is one of the most challenging tasks in oral
rehabilitation. The shape, texture and color
are factors that contributes to a natural ap-
pearance. The color matching of the anterior
artificial crown to adjacent natural teeth is
especially critique for the patient’s satisfac-
tion. In the daily dental practice, visual shade
matching with a dental shade guide is still one
of the most common methods for color deter-
mination. Visual shade matching is subjective,
tooth is polychromatic and dental materials
present limited shade tab [1]. Instrumental
methods using electronic devices such as den-
tal spectrophotometers [e.g VITA Easyshade®
(VITA Zahnfabrik H. Rauter GmbH & Co.,
Bad Sickingen, Baden, Germany)] and digital
photography have shown higher precision for
shade matching and can be used to convey in-
formation to the dental technician [2].

The visible color is a mix of three primary
colors: red, green, and blue (determine Hue).
The addition of some color pigment in the mix-
ture gives a darker effect (determine Value), and
addition of another pigment will produce more
color intensity (determine Chroma) [1-4].

For color matching of ceramic crowns,
the CIELab system (CIE - International
Commission on Illumination) is the most
commonly used. The colors in this system are
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Figure 1. Tooth color range in CIELab color system

represented in a spherical color space through
three coordinate values, Figure 1. The vertical
dimension “L” indicates lightness (on the upper
pole is the pure white, and on the lower pole
is the pure black). Chromatic color character-
istics are followed along two horizontal axes:
“@” expresses the red-green axis, and “b” the
blue-yellow axis [1, 5, 6].

The CIELab system is particularly applica-
ble in dental laboratories for determining and
reducing color differences, while producing
restorations. The degree of diversity, AE | (E
- Euclidean distance) is color space with dif-
ferences in lightness, chroma and hue, and it
is determined in this system by the formula:
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AE, =VAL? + Aa” + Ab

The difference between compared colors is represented
by the relative value AE , which is considered as a standard
for measuring color differences. It is considered that the
threshold of human sensitivity to distinguish shades is at
the value of AE | = 1. Color differences lower than this
AE_ are not perceptible for 50% of the observers, while
AE < 2.7 is considered clinically acceptable [1, 7-11].

This case series reports the color matching of all-ceram-
ic central incisors using a photocolorimetry protocol for
CIELAB color differences calculation. The procedure for
tooth color matching is shown schematically in Figure 2.

CASE REPORTS

Case N° 1: The subject of this color assessment was a max-
illary central incisor prepared for a full-ceramic crown of a

37-year-old female patient. The contralateral intact natural
incisor was used as the target shade for the all-ceramic
crown, Figure 3.

After tooth preparation and intraoral scan everything
was done at once, regarding the design of the restoration
and model, Figure 4. For this case Ivoclar ZirCAD PRIME
multi Al block (Ivoclar, Schaan, Liechtenstein) was used.
For proper shade mapping polarized picture with grey card
for digital calibration is necessary as well as one standard
picture for mapping the color effects, Figure 5.

For tooth color mapping we used the eLAB software
(eLAB Prime, Freiburg im Breisgau, Germany). Values of
this grey card are: L:79 lightness, a:00 red, b:00 yellow.
These values were used for matching in the next steps. In
that manner it was easy to superimpose picture of a tooth
shot on the model with the polar filter picture in mouth
and digital try-in. The finalization with the layered ceramic
has been made by a special recipe combining knowledge
and measurements (Figures 6 and 7).
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Figure 2. The scheme of communication between dental office and dental technician for tooth color determination, interpretation, and crown
fabrication

Figure 3. Pre-operative view of the right max-
illary central incisor

Figure 4. Digital modeling of a all-ceramic
crown
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Figure 5. Shade mapping and check
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Figure 6. For this case Ivoclar ZirCAD PRIME
multi A1 block (Ivoclar, Schaan, Liechtenstein)
has been used

Figure 9. Pre-operative view of both maxil-
lary central incisors

Figure 7. Highest AE_, value was 2.7, which
indicates that the color is clinically acceptable

LT

Figure 8. Three-year follow-up confirmed ac-
ceptable color appearance

Case N° 3: Color determination of the lower central
incisor and matching it with the remaining natural teeth is
also very demanding and creative. However, due to slightly
less visibility while speaking and smiling and the vertical
overbite of the teeth, determining teeth color is somewhat
less demanding compared to maxillary incisors.

In this case color assessment was an all-ceramic crown
for mandibular central incisor with 30-year-old female pa-
tient. The contralateral intact natural incisor has been used

Figure 11. Post-operative view of both maxil-
lary central incisors

Figure 12. Pre-operative view of the left man-
dibular central incisor

Highest AE  value was 2.7, which indicates that the
color is clinically acceptable, considering acceptability
threshold value of less than 2.7 (three-year follow-up con-
tirmed acceptable color appearance) (Figure 8).

Case N° 2: As we have shown, the highest challenge was
to determine the color and match it with the remaining
natural teeth of one upper central incisor. It is demanding,
but with a lesser extent, to determine the color of the two
upper central incisors and match it with the remaining teeth.

In this case, color assessment were all-ceramic crowns
for both maxillary central incisor with a 34-year-old female
patient. The intact natural second incisors were used as the
target shade, as seen in Figure 9. The procedure for tooth
color matching and interpretation was the same as in the
previous case (Figures 10 and 11).
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Figure 13. Post-operative view of the left
mandibular central incisor all-ceramic crown

as the target shade for the all-ceramic crown (Figure 12).
The procedure for tooth color matching and interpretation
was the same as in the previous cases. In this case also, we
used the CIELab formula and calculated AE  value. AE
value was less than 2.7 which indicates that the color is
clinically acceptable. In all cases patients were extremely
satistied with the tooth color (Figure 13).

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Written consent to
publish all shown material was obtained from the patients.

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):186-190



Photocolorimetry for full crown central incisor shade matching

DISCUSSION

Digital photocolorimetry has shown to improve the com-
munication between the dental professional and technician
[3, 12, 13] by delivering a set of protocol-based informa-
tion besides data obtained with the conventional visual
method. The reliability of this protocol depends on the
type of camera, its settings, ambient light, flashlight, and
size of the captured image [3].

The calculation of AE , color difference through image
editing software (eLAB Prime) or data from spectropho-
tometers (VITA Easyshade®) is of a great help for both,
dental technicians, and dental professionals. Although
recent studies have established better correlation of col-
or differences calculated with CIEDE 2000 formula, [1,
14-17] dental technicians are used to interpret L, a, b and
consequently AE  color differences values. The value for
AE = 2.7 was taken arbitrarily.
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The CIELab formula that we used coincides in 75% of
cases with the examiner’s visual perception, while a new
color-difference equation CIEDE2000 matches in 90% of
the cases with the examiner’s visual perception [15].

In daily dental practice, the use of color difference for-
mula for determining teeth color gives results that both
the patient and the entire dental team are satisfied with.
A multitude of variables involved (salivary reflections,
translucency of dental ceramics, illuminant metamerism
between natural teeth and ceramic restorations) are neces-
sary for more serious research.

Color matching is a crucial step in the process of fab-
ricating an aesthetically satisfying restoration. In all our
presented cases highest AE | value was < 2.7, which in-
dicates that the color is clinically acceptable, considering
acceptability threshold value of less than 2.7. Three-year
follow-up confirmed acceptable color appearance.
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CAMXETAK

YBop Linb oBor pafia je n36op 60je KepaMUUKMX KpyHa LieH-
TpanHux cekytrha n yTBphrBame pasnuke y 6oju namehy
KepaMm1UKrX KpyHULIA U KOHTpanaTepanHor uimn CycegHor NH-
TaKTHOT NpupofHor cekyTrha Kopuwherbem BpeaHocTM AE
n3 dopmyne CIELab.

Mpukas 6onecHuka Kog Tpy nauujeHTKnmbe (32-43 rog.) Bp-
Lo ce n3bop 60je KepaMUUKNX KPYHULA 3a LieHTPaHe CeKy-
Trhe. Kao unbHa HujaHca 60je 3a Kepamuuke KpyHuLe Kopu-
WwheHu cy MHTaKTHU NpupoaHu cekyTuhn. Mocne npunpeme
3y6a 1 MHTpaopanHor CKeHupaka y nabopatopuju je npaheH
BUPTYENIHW MOZeN 1 An3ajHrpaHe cy KpyHuue. KopuwheH je
Ivoclar ZirCAD PRIME multi A1 6nok (Ivoclar, LWaH, JTuxteHwTajH).
3a npaBWJIHO Manupamwe HujaHcy KopuwheHa je nonaprso-
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BaHa C/IMKa ca CMBOM KapTULIOM 3a AUrUTanHy Kanubpauujy,
Kao U jejHa CTaHAapAHa Cvika 3a Manupatbe edekata 60ja. 3a
manupatbe 60ja 3yba kopuwwheH je codptaep eLAB (eLAB Prime,
®paj6ypr, Hemauka). Hajsuwa AE , BpeaHOCT 3a CBa Tpy Cllyyaja
6wvna je 2,7, lWTo yKa3yje Ha To Aa je 60ja KNMHWYKM NPUXBaTIbI-
Ba, MMajyhn y BrAay Aa je BPeAHOCT Npara NpuxBaT/byBOCTU
Matba of 2,7 (Tporoguiime npahetbe je NOTBPAMIO NPUIXBa-
T/bUB n3rneq 6oje).

3aksbyyak [IpriMeHOM NPOTOKONa 3aCHOBaHOM Ha COpTBEpY
eLAB pobujeHe cy KNMHUYKY NprXBaT/bmBe 60je KepamnuKmnx
KPYHWLA KOA CBE TPU NaLjeHTKIHbE.

KmyuHe peun: ctomatonoruja; 6oja; n3bop 6oje; kepammuxe
KpyHuLe
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