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Influence of tongue position on the determination of
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ABSTRACT
Statement of problem. Dentists frequently use electronic devices to determine tooth color.
However, neither the instructions for these devices nor the accompanying brochures refer to the
environmental conditions required at the point of measurement.

Purpose. The purpose of this multicenter prospective clinical study was to reveal whether a change
in the oral background influences tooth color determination.

Material and methods. Students (N=42) at the dental clinic in Berlin, Leipzig, Greifswald and
Olomouc (women n=27, men n=15) participated in this study. It was their first contact with the
spectral photometer (Easyshade Advance 4.0; VITA Zahnfabrik). After a short introduction on how to
use the device, the students made 1-point measurements on the same patient on the maxillary
central incisor. In the first measurement, the patient’s mouth was open, and the palatal surface
uncovered. In the second measurement, the patient’s mouth was closed slightly, and the tongue
pressed on the lingual surface of the maxillary central incisor. The mean ±SD and the 95%
confidence interval (95 % CI) were calculated using the Student t test for each test series (a=.05).

Results. Statistical evaluation of the 2 measurements revealed changes in the L*a*b* values with a
mean L*=0.204, a*=-0.351, and b*=0.02; a median of 0.4, -0.3, and -0.1, respectively; a ±SD of 2.37,
0.64, and 0.89, respectively; and 95% CIs of L*=-0.476 to 0.884, a*=-0.531 to -0.702, and b*=-0.23 to
0.52, respectively. These differences were not statistically significant (P>.05). The measurements of
L*, a*, and b* with and without tongue coverage of the lingual surfaces of the maxillary teeth did
not show any statistically significant differences (P=.663).

Conclusions. The results demonstrate that the position of the tongue does not influence mea-
surement accuracy during the application of the Easyshade Advance device. (J Prosthet Dent
2017;117:289-293)
Esthetics and tooth color play
important roles in dentistry.
The selection of the patient’s
tooth color is a significant
treatment step. However,
determining tooth color poses
a challenge for both dental
practitioners and dental tech-
nicians. In addition, the costs
for color correction can be
substantial.1 A number of vi-
sual and electronic tools for
tooth color matching are
available to dental practi-
tioners, and these tools can
improve communication with
the dental laboratory.

The methods most com-
monly used for shade selection
and visual color determination
in European dental schools2

are the Vita Classical shade
guide (VITA Zahnfabrik) and
the Vitapan 3D-Master shade

guide (VITA Zahnfabrik). Only a minority of students
have been introduced to digital shade determination.2 In
the United States, the majority of dental practitioners in
private offices use the Vita Classical shade guide (59.8%,
VITA Zahnfabrik) and the Vita 3-D Master shade guide
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(34.4%, VITA Zahnfabrik).3 In the study by Wee et al,3

only 1 dentist used an electronic instrument (Vita Easy-
shade Compact; VITA Zahnfabrik), and another used
digital images when communicating with the dental
laboratory.
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Clinical Implications
In order for digital tools to reliably determine
shade, environmental parameters should have
no influence on color recordings.
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Currently, visual tooth color determination is regar-
ded as the standard method. Its principle rests on the
Munsell color system. The tooth selected for shade
matching is compared with a sample of the color scale,
which serves as the reference under neutral light condi-
tions. Multiple color scale reference systems represent
the color spectrum of natural teeth. All of the currently
used systems exhibit different levels of accuracy and
characteristics. One of the preconditions for adequate
matching is that experienced individuals under repro-
ducible conditions (that is lighting and viewing distance)
visually determine tooth color. Thus, a key issue
addressed by Wee et al3 was the focus on lighting
conditions in private dental practices, which can lead to
differences in determination. The conclusion of their
study was that the use of ambient light in dental offices is
not sufficient to ensure accurate color differentiation.

The consequences and the effects of different lighting
conditions were also studied by Kröger et al.4 In their
investigation, visual color differentiation was performed
under daylight, halogen light, and fluorescent light (5000
K and nonspecific ceiling light).4 They found that the
impact of different lighting conditions on color differen-
tiation could be mediated by the use of electronic devices.

Clinical studies have demonstrated that a subjective
color determination can in fact be learned.1-7,27 In a cur-
riculum for tooth color determination, the effect of this
training ondental students dependedon their sex andage.5

The results of the determination of tooth color using
the Vita Classical System and the 3D-Master-System are
different. The 3D-Master-System requires a determina-
tion of color in 3 consecutive steps: lightness (5 cate-
gories), chroma (3 categories), and hue (3 categories)
with 26 defined samples.5-7 Through the determination
of the lightness value in the first level, up to 60% of the
incorrect assessments are eliminated. The second and
third steps, determination of chroma and hue, further
decrease color-matching errors. All of these measure-
ments result in color values with a compliance of almost
70%.11,12

In an effort to minimize potential influence factors in
the visual shade-taking process, electronic color
measuring devices have been developed. These devices
can be divided into 3 groups: spectrophotometers,
colorimeters, and digital cameras.

When tested for accuracy and precision for tooth color
determination,13-17 the systems differed in measurement
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geometry, sensitivity in handling, configuration, robust-
ness, construction, and price.13 The digital spectropho-
tometer Vita Easyshade (VITA Zahnfabrik) has
commonly been used for tooth color determination in
clinical studies.18-24

An advantage of the digital systems is good repeat-
ability, particularly compared with manual color deter-
mination.25-28 Light reflections of the tooth are analyzed
by electronic measurement devices (emission spectrum),
and color values allow for reproducible color comparisons
by overlapping the remittance spectra and lighting.
The spectrophotometers analyze color in the physical
wavelength range of 400 to 700 nm using the
light-independent measuring procedure of the reflec-
tion.28 The high reproducibility basis of the color
coordinates are not influenced by modified environ-
mental conditions.20,21 In contrast, the results of the
visual, subjective color determination are adversely
affected by environmental factors.7 Apart from the
consideration of physical factors such as the reflection of
surrounding colors, chameleon effect of surrounding
restorations, color temperature of the viewing light,3,4

and surface condition of the tooth being assessed, the
biological-physiological effects such as the arrangement
of the color pigments within the cones of the retina are
substantially responsible for color perception and
differentiation.29

Furthermore, causes such as deficits in color percep-
tion (red-green color visual impairments, cataracts, and
sight defects) negatively influence the outcome of
subjective color perception.29 Accordingly, the variability
of the user’s subjective color perception, the insufficient
standardization of lighting, and the influence of
environmental parameters lead to a considerable vari-
ance in the field of subjective visual shade selection.8-10

The use of digital systems reduces the variance of the
results, thus increasing the reliability of determining the
tooth color. In addition to these advantages, the color of
dental restorations may be evaluated during their fabri-
cation process using digital colorimeters, a valuable
instrument for minimizing risks and enhancing quality
control in the dental laboratory.4,30

However, data and guidelines are still insufficient to
ensure the reproducibility of digital color determinations
under intraoral conditions. The hypothesis of this study
was that the coverage by the tongue does not change the
L*a*b* values of a natural reference tooth.

MATERIAL AND METHODS

Dental students (N=42; 27 women and 15 men) in the
preclinical phase at the Universities of Berlin, Greifswald,
and Leipzig in Germany and Olomouc in Czech Republic
participated in this multicenter prospective study. The
students were voluntarily participants who were
Klinke et al



(c) Vita Zahnfabrik, Germany

Figure 1. Measurement procedure using applied spectral photometer
(Vita Easyshade Advance 4.0; VITA Zahnfabrik).

Table 1. Comparison (DE) of two measurementsa

Dimension Mean Median SD 95% CI

L* 0.204 0.4 ±2.37 -0.476 to 0.884

a* -0.351 0.3 ±0.64 -0.531 to -0.702

b* 0.02 -0.1 ±0.89 -0.23 to 0.52
aSee Figure 2.
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attending the preclinical course “Learning tooth color
differentiation,” and this was their first contact with an
electronic measuring device used for tooth color deter-
mination. Additional volunteers were not available for
this research. The Ethical Committee of the University of
Greifswald (Ref. BB 43-16) approved the study protocol.
The students assumed pseudonyms for the purpose of
data generation once they had agreed to participate in
the research project.

A spectral photometer (Vita Easyshade Advance 4.0;
VITA Zahnfabrik) was used for objective color determi-
nation in this study. This device is a portable system for
clinical tooth color determination and has been available
since 2008. The device consists of 3 main components: a
light source, a measuring device that receives the
reflecting light of the object, and a spectrometer. The
spectrometer measures the intensity of the reflecting light
in the form of wavelengths in a range of 400 to 700 nm.
The subsequent analysis using the International Com-
mission on Illumination Lab (CIELab) system serves as
the basis for the analysis of reflected light.32 On the
vertical axis, it represents relative lightness and darkness.
The 2 horizontal axes a and b indicate the amount of
green/red and blue/yellow measured, respectively. In the
CIELab color space, L* is the index for the brightness of
an object, a* stands for green or red tones, and b* rep-
resents the index for blue or yellow.

After being given a short introduction to the device,
the students made 2 different single-point measurements
of the maxillary right central incisor on the same test
person. A device-specific polyethylene foil (VITA Zahn-
fabrik) protected the tip of the intraoral spectrometer
before each calibration procedure. Likewise, the initial
measurement was made in the middle third of the labial
dental surface of the central incisor with the test person’s
mouth slightly opened and the tongue retracted.

The second measurement was made at the same
measuring point, also with the test person‘s mouth
slightly opened and with the tongue pressed to the oral
surface of the maxillary right central incisor (Fig. 1). Both
of the results were recorded and statistically evaluated.
The analysis of the results contains the distance (DE, [1])
to the chosen pattern in the CIELab color space for each
participant. The distance between 2 colors within the
color space was calculated as the Euclidian distance
Klinke et al
according to International Standards Organization (ISO)
standard 12647 and ISO standard 13655. The results
were added, and the average, median, and 95% confi-
dence intervals (95% CI) were calculated for both groups,
as follows:

DE=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðL1� L2Þ2+ða1� a2Þ2+ðb1� b2Þ2

q

Statistical software (IBM SPSS v19.0; IBM Corp) was
used to evaluate the results. Because of the small group of
participants, the mean ±SD and the 95% CI were calcu-
lated using the Student t test for each test series (a=.05).

RESULTS

When the 2 measurements were compared (Table 1), the
statistical evaluation revealed slight changes (DE) in the
CIELab, with a mean L*=0.204, a*=-0.351, and b*=0.02.
The results showed a median ±SD L*=0.4 ±2.37, a*=-0.3
±0.64, and b*=-0.1 ±0.89, and 95% CIs of L*=-0.476 to
0.884, a*=-0.531 to -0.702, and b*=-0.23 to 0.52 (Fig. 2).
No indications of statistical differences were found in the
measurements of CIELab related to the coverage of the
oral surface by the patient’s tongue (P=.663) (Fig. 3).
Differences in the mean values of both of the groups
were not great enough to reject the possibility that the
difference was due to random sampling variability.

DISCUSSION

This study presents the preliminary results of 2 intraoral
methods of measurement with a spectrophotometer (Vita
Easyshade Advance 4.0; VITA Zahnfabrik). One mea-
surement was made at the labial surface with an un-
covered lingual surface of the maxillary central incisor; a
second measurement was made while the test person
pressed the tongue to the lingual surface of the central
incisor. Only small differences in CIELab were detected,
and no significant differences were found in these
measured values (P>.05). The post hoc analysis with the
current data showed a statistical power of .07. To calcu-
late a priori the required sample size, the effect size is
needed. This is the first published study of this subject
with the additional aim of determining the effect size,
which is a prerequisite for the calculation of the sample
size. Based on the results of the present study, we were
able to calculate an effect size of .064.

To achieve sufficient results with a=.05 and a statis-
tical power of .8, a population size of at least N=1922 is
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 2. Deviation (DE) of L*, a*, and b* of 2 measurements with and
without tongue coverage.
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Figure 3. Delta E of lightness (DL*) of both measurements with and
without tongue coverage.
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needed, something which must be considered in up-
coming study designs.

In dental practice, however, electronic devices are
used to determine tooth color on a routine basis. These
devices represent an additional tool to enhance the
communication of color to the dental technician.
Nevertheless, in clinical dental practice, subjective visual
color determination is still frequently practiced2 and
requires a continuous comparison with the reference
tooth. As the literature suggests, environmental param-
eters have a substantial influence on the visually sub-
jective determination of color,3,4 complicating adequate
color determination.

The reason for this is that natural teeth do not exhibit
color homogeneity.18 Dental surface structure as well as
the existence of a natural saliva coating affect the
reflection of light and can thereby influence subjective
color perception. Intra- and interindividual user differ-
ences and the dependency on physical, physiological,
and pathophysiological causes all complicate interna-
tional standardization efforts.19,33-35

The use of digital devices for determining tooth color
can help minimize errors in decision. Most available
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instrumental color determination systems are based on
spectrometric measurement devices. They increase
reproducibility in repeated measurements.21,28,30 Color
measurements illuminate the initial layers of the tooth
(2-4 mm) with the reference light and, subsequently, the
reflected light. In addition, the shadow of the light is
analyzed in the spectrograph as part of the emission
spectrum. The use of tooth color measurement devices
minimizes external influences and diminishes user
influences so that a higher reproducibility of tooth color
measurements can be obtained.19,31

Contrary to the study by Della Bona et al,18 who sug-
gested that the application of the color measuring system
must involve trained and instructed dental practitioners,
we found that neither user nor intraoral environmental
condition had any substantial influence on measurement
accuracy. The present study also reveals that the coverage
of the tongue plays only a subordinate role in themaking of
the intraoral shade of the measured tooth.

CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. The coverage of the oral surface of maxillary incisors
by the tongue does not influence color determina-
tion accuracy with Vita Easyshade Advance 4.0
(VITA Zahnfabrik).

2. To detect significant differences between both of the
measurements, the number of participants should
be increased in further studies.

3. Electronic-based devices for tooth color determina-
tion eliminate the influences of the surroundings
and achieve an optimal color communication with
the dental technician, enhancing technical services.

4. From a clinical point of view, intraoral images may
provide an additional source of information on
enamel cracks or discoloration. This is another
successful tool for the fabrication of highly esthetic
restorations in the dental laboratory.

REFERENCES

1. Corcodel N, Zenthöfer A, Setz J, Rammelsberg P, Hassel AJ. Estimating costs
for shade matching and shade corrections of fixed partial dentures for dental
technicians in Germany: a pilot investigation. Acta Odontol Scand 2011;69:
319-20.

2. Dozic A, Kharbanda AK, Kamell H, Brand HS. European dental students’
opinions about visual and digital tooth colour determination systems. J Dent
2011;39(suppl 3):e23-8.

3. Wee AG, Meyer A, Wu W, Wichman CS. Lighting conditions used during vi-
sual shadematching in private dental offices. J Prosthet Dent 2016;115:469-74.

4. Kroger E, Matz S, Dekiff M, Tran BL, Figgener L, Dirksen D. In vitro com-
parison of instrumental and visual tooth shade determination under different
illuminants. J Prosthet Dent 2015;114:848-55.

5. Haddad HJ, Jakstat HA, Arnetzl G, Borbely J, Vichi A, Dumfahrt H, et al.
Does gender and experience influence shade matching quality? J Dent
2009;37(suppl 1):e40-4.

6. Olms C, Jakstat HA. Learning shade differentiation using toothguide trainer
and toothguide training box: a longitudinal study with dental students. J Dent
Educ 2016;80:183-90.
Klinke et al

http://refhub.elsevier.com/S0022-3913(16)30341-9/sref1
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref1
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref1
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref1
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref2
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref2
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref2
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref3
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref3
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref4
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref4
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref4
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref5
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref5
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref5
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref6
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref6
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref6


February 2017 293
7. Olms C, Klinke T, Pirek P, Hannak WB. Randomized multi-centre study on
the effect of training on tooth shade matching. J Dent 2013;41:1259-63.

8. Sinmazisik G, Trakyali G, Tarcin B. Evaluating the ability of dental technician
students and graduate dentists to match tooth color. J Prosthet Dent
2014;112:1559-66.

9. Hall NR. Tooth colour selection: the application of colour science to dental
colour matching. Aust Prosthodont J 1991;5:41-6.

10. Marcucci B. A shade selection technique. J Prosthet Dent 2003;89:518-21.
11. Hassel AJ, Zenthöfer A, Corcodel N, Hildenbrandt A, Reinelt G, Wiesberg S.

Determination of VITA Classical shades with the 3D-Master shade guide.
Acta Odontol Scand 2013;71:721-6.

12. Zenthöfer A WS, Hildenbrandt A, Reinelt G, Rammelsberg P, Hassel AJ.
Selecting VITA classical shades with the VITA 3D-master shade guide. Int J
Prosthodont 2014;27:376-82.

13. Dozic A, Kleverlaan CJ, El-Zohairy A, Feilzer AJ, Khashayar G. Performance
of five commercially available tooth color-measuring devices. J Prosthodont
2007;16:93-100.

14. Goldstein GR, Schmitt GW. Repeatability of a specially designed intraoral
colorimeter. J Prosthet Dent 1993;69:616-9.

15. Hassel AJ, Grossmann AC, Schmitter M, Balke Z, Buzello AM. Interexaminer
reliability in clinical measurement of L*C*h* values of anterior teeth using a
spectrophotometer. Int J Prosthodont 2007;20:79-84.

16. Khurana R, Tredwin CJ, Weisbloom M, Moles DR. A clinical evaluation of the
individual repeatability of three commercially available colour measuring
devices. Br Dent J 2007;203:675-80.

17. Tung FF, Goldstein GR, Jang S, Hittelman E. The repeatability of an intraoral
dental colorimeter. J Prosthet Dent 2002;88:585-90.

18. Della Bona A, Barrett AA, Rosa V, Pinzetta C. Visual and instrumental
agreement in dental shade selection: three distinct observer populations and
shade matching protocols. Dent Mater 2009;25:276-81.

19. Gómez-Polo C, Gómez-Polo M. Martínez Vazquez De Parga J, Celemin-
Viñuela A. 3D Master Toothguide according to L*, C*, and h* coordinates.
Color Res Appl 2015;40:518-24.

20. Meireless S, Demarco F, Dos SI, Dumith S, Bona A. Validation and reliability
of visual assessment with a shade guide for tooth-color classification. Oper
Dent 2008:121-6.

21. Olms C, Setz JM. The repeatability of digital shade measurementda clinical
study. Clin Oral Investig 2013;17:1161-6.

22. Ozturk O, Duludag B, Usumez A, Sahin V, Celik G. The effect of ceramic
thickness and number of firings on the color of two allceramic systems.
J Prosthet Dent 2008;100:99-106.

23. Schwabacher WB, Goodkind RJ. Three-dimensional color coordinates of
natural teeth compared with three shade guides. J Prosthet Dent 1990;64:
425-31.
Receive Tables of Co

Instructions

To receive tables of contents by e-mail, sign up through our W
odicals/ympr.

Log on and click “Register” in the upper right-hand corner. A
Alerts,” then “Add Table of Contents Alert.” Select the catego
the search field and click on the Journal title. The title will the
process, you may add tables of contents alerts by accessing a
Alert” link.

You will receive an e-mail message confirming that you have

Note that tables of contents e-mails will be sent when a new

Klinke et al
24. Yuan JC, Brewer JD, Monaco EA Jr, Davis EL. Defining a natural tooth color
space based on a 3-dimensional shade system. J Prosthet Dent 2007;98:
110-9.

25. Gomez-Polo C, Gomez-Polo M, Celemin Vinuela A, Martinez Vazquez de
Parga JA. A clinical study relating CIELCH coordinates to the color di-
mensions of the 3D-Master system in a Spanish population. J Prosthet Dent
2015;113:185-90.

26. Gomez-Polo C, Portillo Munoz M, Lorenzo Luengo MC, Vicente P,
Galindo P, Martin Casado AM. Comparison of two color-difference formulas
using the Bland-Altman approach based on natural tooth color space.
J Prosthet Dent 2016;115:65-70.

27. Hannak W, Klinke T, Olms C, Jakstat H. Reliability and reproducibility of
easy shade advance. J Dent Res 2014;93:560.

28. Ratzmann A, Klinke T, Schwahn C, Treichel A, Gedrange T. Reproduc-
ibility of electronic tooth colour measurements. Biomed Tech (Berl)
2008;53:259-63.

29. Borbely J, Varsanyi B, Fejerdy P, Hermann P, Jakstat HA. Toothguide Trainer
tests with color vision deficiency simulation monitor. J Dent 2010;38(suppl 2):
e41-9.

30. Lehmann KM, Igiel C, Schmidtmann I, Scheller H. Four color-measuring
devices compared with a spectrophotometric reference system. J Dent
2010;38(suppl 2):e65-70.

31. McMaugh DR. A comparative analysis of the colour matching ability of
dentists, dental students, and ceramic technicians. Aust Dent J 1977;22:
165-7.

32. Johnston WM. Color measurement in dentistry. J Dent 2009;37(suppl 1):e2-6.
33. Preston J. Current status of shade selection and color matching. Quintessence

Int 1985;16:47-58.
34. Paul S, Peter A, Pietrobon N, Hämmerle C. Visual and spectrophotometric

shade analysis of human teeth. J Dent Res 2002;81:578-82.
35. Cal E, Güneri P, Kose T. Comparison of digital and spectrophotometric

measurements of colour shade guides. J Oral Rehabil 2006;33:221-8.

Corresponding author:
Dr Thomas U. Klinke
University Greifswald
Dental School
Rotgerberstrasse 8
D-17489 Greifswald
GERMANY
Email: klinke@uni-greifswald.de

Copyright © 2016 by the Editorial Council for The Journal of Prosthetic Dentistry.
ntents by E-mail

eb site at http://www.journals.elsevierhealth.com/peri- 

fter completing the registration process, click on “My 
ry “Mosby” or type The Journal of Prosthetic Dentistry in 
n appear, and having already completed the Registration 

n issue of the Journal and clicking on the “Add TOC 

 been added to the mailing list. 

 issue is posted to the Web site.

THE JOURNAL OF PROSTHETIC DENTISTRY

http://refhub.elsevier.com/S0022-3913(16)30341-9/sref7
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref7
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref8
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref8
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref8
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref9
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref9
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref10
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref11
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref11
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref11
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref12
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref12
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref12
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref13
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref13
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref13
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref14
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref14
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref15
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref15
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref15
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref16
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref16
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref16
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref17
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref17
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref18
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref18
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref18
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref19
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref19
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref19
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref20
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref20
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref20
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref21
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref21
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref22
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref22
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref22
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref23
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref23
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref23
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref24
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref24
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref24
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref25
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref25
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref25
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref25
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref26
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref26
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref26
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref26
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref27
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref27
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref28
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref28
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref28
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref29
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref29
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref29
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref30
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref30
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref30
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref31
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref31
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref31
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref32
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref33
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref33
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref34
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref34
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref35
http://refhub.elsevier.com/S0022-3913(16)30341-9/sref35
mailto:klinke@uni-greifswald.de

	Influence of tongue position on the determination of tooth shade
	Material and Methods
	Results
	Discussion
	Conclusions
	References


