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he phenomenon of color is a combination of the

psychophysiological response to the physical inter-

action of light energy with an object and the sub-
jective experience of an individual observer.! Three factors
influence the perception of color: (1) the light source; (2)
object being viewed; and (3) observer viewing the object.?
Color also can be described in terms of: hue (attribute of
a color that enables one to distinguish between different
families of color); value (which indicates the lightness of a
color); and chroma (which describes the strength, intensity,
or vividness of a color).? Although a color range of natural
teeth has been reported by several investigators,*¢ a reliable
database of tooth color of the primary dentition does not
currently exist.

The color of primary anterior teeth plays a vital role in
the facial esthetics of children. Both adults and children
evaluate children differently based on physical attractive-
ness.”® In fact, children as young as 3-years-old are able
to distinguish between attractive and unattractive peers.’
Attractiveness of the dentofacial area contributes to the
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ABSTRACT

Purpose: The purpose of this study was to evaluate the color of anterior primary teeth.
Methods: A total of 449 teeth (including central and lateral incisors) belonging to 78
3- to G-year-olds were evaluated. A spectroscope was used to determine tooth color.
Each tooth’s overall shade and the respective shades in the cervical, middle, and incisal
thirds were measured, and data collected was subjected to statistical analysis.

Results: D2 was found to be the most common shade of primary teeth. Comparing
B1, D2, and Cl1 shades using a chi-square test showed statistically significant (P<.001)

Conclusions: D2 was the most common shade of primary anterior teeth in children.
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face’s total attractiveness.'” In a young child, primary
anterior teeth—particularly the maxillary anterior teeth—
are said to have a key impact on facial esthetics.!

Hosoya evaluated the color of primary anterior teeth
of 60 Japanese children via various measuring devices and
found them to be very light.'"> A comparison of 4 shades
from 4 different shade guides with primary teeth color
of African American, Caucasian, and Hispanic children
has revealed significant differences among the shades
of teeth among different ethnic groups.”® Kim et al.,
evaluated primary anterior teeth using an intraoral
spectrophotometer and observed color variations
among different tooth types.' Various studies have
evaluated parental satisfaction regarding the bonded
resin strip crowns," esthetic anterior primary crowns,'
and anterior stainless steel crowns.'" The results of
these studies have revealed that they are esthetically
unacceptable in spite of being effective restorations'.

Various efforts have been made to find an effective
method (either subjective or objective) to measure the
color of a tooth to provide the best possible shade match
of the restorative material. Many anterior restorations
in clinical practice are regularly carried out with the
help of a shade guide to select the matching color. A
manual shade guide is composed of a set of shade tabs
intended to cover the range of colors present in the human
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dentition. The successful achievement of a clinically
acceptable color match between a given tooth and
a shade tab is closely related to the spectral coverage
of the shade guide, clinician’s experience,'” and view-
ing conditions.'®*

Numerous reports have indicated that common shade
guides do not provide sufficient spectral coverage of the
colors present in teeth.”!® Generally, the shade tabs do
not appear to have enough yellow-red hue and are also
not sufficiently dark or saturated. This inability to repre-
sent the color spectrum of teeth, coupled with non-ideal
viewing conditions,*® could lead to a significant mis-
match between tooth color and restoration color. Hence,
color measurements taken directly in the mouth and
subjective comparisons between paper tabs and porcelain
and acrylic tooth color guides may have limitations.
Objective evaluation of the tooth color independent of
viewing conditions and examiner experience has been
carried out with spectrophotometers,”? colorimeters,***
film-based photography,® digital photography,® and
intraoral spectrophotometers.'

The color of human teeth is generally not uniform
throughout the crown, but shows a gradation from the
gingival to the incisal region. No study has so far reported
the gradations from gingival to incisal region in primary
teeth. Lack of understanding and research in these grada-
tions of color of primary teeth has resulted in the availa-
bility of few shades of restorative materials for primary
teeth. Hence, the present investigation was undertaken
to measure the color of natural primary maxillary and
mandibular incisors in vivo using a SpectroShade (MHT
International, Newton, Pa). The SpectroShade is a com-
prehensive optic shade communication system that can
accurately and consistently measure shades of teeth. The
most common shade of the primary incisors and the
variations in shade in different regions—namely the
cervical, middle, and incisal—were documented.

METHODS
STUDY DESIGN

This investigation was approved by the Review Board of
Meenakshi Ammal Dental College and Hospital. Upon
verbal consent from the school and parents, 2- to 5-year-
old boys and gitls were recruited for the study, which was
conducted at Meenakshi Matriculation School, Madura-
voyal, Chennai, India. A total of 160 children were screened,
and 78 children were recruited for the study.

Excluded from the study were any children who had: no
healthy anterior teeth to complete the assessment; restored
anterior teeth; anterior teeth near exfoliation; white spot
lesions on the labial surfaces of anterior teeth; anterior
teeth discolored due to trauma; any single tooth that was
obviously discolored for any other reason.

All children considered for the study were of Indian
origin. After the exclusion, the teeth considered for the
study were 449 primary incisors. The teeth were divided

Journal of Dentistry for Children-78:3, 2011

Color of primary teeth

into 4 groups: (1) maxillary central incisors; (2) maxillary
lateral incisors; (3) mandibular central incisors; (4) and
mandibular lateral incisors.

IMAGE ACQUISITION

Each tooth’s facial surface was cleaned with wet gauze
before measurement. The MHT Spectroshade was used
to capture the teeth images. This device consists of a base
and a handpiece with a mouthpiece and a digital screen.
The mouthpiece was required to be placed at a 90° angle to
the teeth and the gingiva. Barrier strips were used on the
mouthpiece for every patient. After retracting the lips, the
images were captured. Before the next image was captured,
the device had to be calibrated on a white and green tile
by placing it on the base of the device to capture the
surrounding light. This minimized the chances of mis-
match and errors due to environmental light affecting the
shade determination. The images were captured and shade
analysis was done.

SHADE ANALYSIS

The overall shade of a particular tooth and the shade of the
incisal/middle/cervical region were determined by select-
ing that particular tooth/or a specific region of the tooth
(incisal/middle/cervical) on the screen of the spectroscope.
The shade reading obtained was captured against the
VITA classic shade guide system chosen from the
options available on the spectroscope. The recordings
were tabulated into 2 categories: (1) overall shade of
anterior primary teeth; and (2) shades at the incisal, middle,
and cervical thirds of the teeth.

DATA ANALYSIS

The data were analyzed and the chi-square test was
performed to compare the overall shade of anterior primary
teeth among the 4 groups and shade differences at the
incisal, middle, and cervical thirds of the teeth. A P-value
of <.05 was considered to be statistically significant.

RESULTS

Tables 1 to 3 present the readings of all 449 teeth that
were categorized into 4 groups following the assessment
for eligibility. The mean age of the 78 participating
children was 4.5-years-old.

Table 1 shows D2 to be the most common shade among
maxillary central incisors (-47%), maxillary lateral inci-
sors (~-86%), and mandibular lateral incisors (-68%). B1,
however, was found to be the most common shade among
mandibular central incisors (-62%). The chi-square test

showed a statistical significance (P<.001) among shades
D2, B1, and C1 between the 4 groups of teeth.

ASSESSMENT OF SHADE AT CERVICAL, MIDDLE,
AND INCISAL SITES

Tables 2 and 3 show the reading at the cervical, middle,
and incisal sites of the 4 groups of teeth. D2 was found
to be the most common shade in the cervical, middle, and
incisal thirds of teeth. The maxillary central incisor group,
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TABLE -1 Overall Shade of the Anterior Primary Teeth
Al A2 B1* B2 C1* C2 c3 D1 D2*
GROUPS
No.| % | No.| % |No.| % |No.|% No.| % |No.|% |No.| % |No.|% |No.| %
Maxillary Central Incisor 4 119 2 [09] 80 |386| 0O 0123 |11L.1| O 0] 0 0 0 0] 98 | 473
Maxillary Lateral Incisor 0 0 0 0 31103 0 0] 0 0 0|0 1 |34 0 | 0] 25 |86.2
Mandibular Central Incisor | 0 0 0 0|74 [61.7] 0 0 4 33 0 0 0 0 0 0| 42 | 35
Mandibular Lateral Incisor | 0 0 0 0 24 1258| 0 0 2 2.2 0 0 4 (43| 0 0| 63 |67.7

*Statistically significant difference was observed P = 0.000 (P<0.001 — 99.9% Sig).

TABLE - 2: Shade of Maxillary Central and Lateral Incisors in the Cervical, Middle and Incisal Third Regions

Al A2 A3 Bl B2

GROUPS

<1 m D2 D3

™M M| M

M M M

Maxillary

i [:
Central Incior 2

Percentage (%) 10.6

6.6 4

Masillary

J [
Lateral Incisor

0 i} [

Percertage
e oo 46| 0|00 103 46

34 207 | 287 | 126

C - Cervical, M — Middle, I - Incisal

TABLE - 3: Shade of Mandibular Central and Lateral Incisors in

the Cervical, Middle and Incisal Third Regions

Al A2 A3 B1 B2

GROUPS

<1

c2 3 c4 (1}

M 1 M 1 M I

M

M M M M

Mandibular
Central Incisor

Percentage (%) 0.3

0.8

Mandibular

Lateral Incisor o

k] L] []

Percentage (%) | 10 ] o s o | o

0.7

C - Cervical, M — Middle, I - Incisal

however, showed a greater percentage of Al shade at the
incisal site. The chi-square test showed no significant
difference at the cervical, middle, and incisal sites of
teeth between the 4 groups.

DISCUSSION

The color of primary teeth appears to have a greater
significance than traditionally believed.'* Despite the
existing reports on color range and shade guides for
permanent teeth,” there is a great need for an objective
evaluation of tooth color in primary teeth. The greater
percentage of D2 shade in the primary dentition vs
other studies reported was an unexpected finding in this
study. According to Kim et al., Al, A2, and B1 are the
most common shades in the primary dentition.' This
variation in results could be attributed to a difference
in the instrument used in the study or the ethnicity of
the study participants. In the study by Kim et al., shades
were assessed by a Vita Easyshade (Vident, Brea, Calif),
which uses a pseudocircular measuring geometry.'*

In our study, however, we used a MHT micro Spectro-
Shade. This is an optic shade communicating system
using Windows-based software to read the shade of
teeth.” Furthermore, several authors have reported a dif-
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ference in the shades of teeth among races.**?” Although
a statistically significant difference was not observed
between the shades at the middle, cervical, and incisal
sites in our study, D2 was found to be the most com-
mon shade at the cervical and middle thirds of teeth.
The incisal sites, however, especially among the maxillary
central incisors, had a greater percentage of Al vs other
sites. This shade difference at the incisal sites can be attri-
buted to several factors explained in literature.

The chromatic component of the optical properties
can only compare areas of equal hues. While the same
hues are frequently found in the middle and cervical
thirds, distinct hues also can be identified at the incisal
third due to the wavelength that is reflected, refracted,
absorbed, or transmitted. Dentin and enamel have dras-
tically different optical properties, and the relative con-
tribution of each should be considered separately during
shade determination. The incisal third of teeth has a
greater amount of enamel than dentin. The degree of
translucency or opacity is determined by the structure
and thickness of enamel and dentin as well as the amount
of light that penetrates the tooth. Although both enamel
and dentine are translucent in natural dentition, the
enamel layer is virtually transparent or colorless.
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Opalescence occurs when visible light scatters. In the
anterior teeth, this is observed in the incisal edges and
the proximal incisal surfaces.’® Goodkind et al., re-
ported that a tooth has no single, uniform color.”

Though it’s evident that teeth do not have a uniform
color, the reasons for having no significant difference
between the cervical, middle, and incisal sites could be
attributed to 2 factors: (1) the decreased height of the
primary teeth vs permanent teeth; and (2) the formation
of secondary dentin in permanent teeth with advancing
age. GoodKind et al., in fact, reported that the teeth get
darker with advancing age.’

Despite the fact that the maxillary central incisors
have a greater percentage of Al shade compared to other
teeth, it’s evident from our study that mandibular central
incisors have a greater value. Value is defined as the “bright-
ness” of a color. In the Vita scale, a greater to lower value
is seen with B1, A1, B2, D1, A2, through C4.%® Goodkind
et al., has also reported that maxillary anterior teeth are
more yellow when compared to mandibular anterior
teeth. In their study, however, the permanent maxillary
central incisors have a greater value than permanent man-
dibular central incisors, which is in contrast to our study.
There is no reliable database on the color of primary teeth
with which to compare our results. This discrepancy in
the overall shade when compared to the shade at the
incisal sites can be attributed to the fact that the tooth’s
middle third best describes that tooth’s color. The shades
at the incisal and cervical thirds of the teeth are greatly
affected by the background and neighboring tissues;
hence, the middle third best represents the tooth color.®

A spectroscopic approach was chosen for the tooth
color evaluation because it allows an objective assessment
independent of viewing conditions and examiner experi-
ence. Spectroscopes measure 1 wavelength at a time from
the reflectance or transmittance of an object and have
been used to measure the visible spectra of extracted and
vital teeth.?” The subjective errors of manual shade guides
are also eliminated by using a spectroscope. Although
Clark introduced the concept of tooth color several de-
cades ago, the exact restoration color is mismatched, even
after evaluating the tooth color on the color scale. This
leads researchers to adopt and perform more work on
intraoral spectroscopes.*

Despite the fact that a spectroscopic approach was
used for this study, a few potential concerns were identi-
fied. First, the size of primary teeth was not completely
compatible with the frame size of the spectroscope;
hence, 175 incisors were excluded from this study.
Secondly, the shades were not recorded in our study, per
the Commission Internationale de L Eclairage (CIE)
[*a*b* scale, which has been used in previous studies.
Tooth-colored restorative materials available as of date
for use, however, are not available in the CIE [*a*b* scale,
but are available in shades like A1, B1, and A2.

Spectroscopes offer greater accuracy and precision than
shade guides for color measurements. Yet, there are some
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practical limitations using these techniques. The com-
mon practical concerns are standardizations, cost, and
ease of use in the clinical setting.*® Hence, there is need
for a specific, user-friendly, and objective method of eva-
luating the color of primary teeth to enhance esthetic
restorations in children.

Several authors have reported dissatisfaction of parents
and children with the color of bonded resin crowns.
The only currently available material specific for primary
teeth is P shade composite resin (3M ESPE, St. Paul,
Minn). It is evident from the study, however, that
one single shade will not satisfy the esthetic needs for
all teeth. Hence, specific materials and shade guides
for primary teeth of different races and groups are
essential.

CONCLUSION

The most common shade for primary anterior teeth in
children was found to be D2.

ACKNOWLEDGMENTS

The authors are grateful to Drs. Gopi Krishna and S.
Lakshmi, Meenakshi Ammal Dental College and Hospital,
Chennai, for their help and support with the spectroscope,
Dr. Steven Rodrigues, Saveetha Dental College and Hos-
pital, Chennai and Dr. K. Muthu Prathibha, Pedo Planet
Health care Pvt. Limited, Chennai, for their great support
in editing the manuscript, and the principal of Meen-
akshi Matriculation Higher Secondary School, Madurai,
Tamil Nadu, India, for granting permission to conduct
the study among their schoolchildren.

REFERENCES

1. Bridgeman I. The nature of light and its interaction
with matter. In: McDonald R, ed. Color Physics for
Industry. Huddersfield, UK: H Charlesworth and
Co; 1987:1-34.

2. Hill AR. How we see color. In: McDonald R, ed. Color
Physics for Industry. Huddersfield, UK: H Charles-
worth and Co; 1987:211-81.

3. McLaren K. Colour space, colour scales, and colour
difference. In: McDonald R, ed. Color Physics for In-
dustry. Huddersfield, UK: H Charlesworth and Co;
1987:97-115.

4. Clark EB. The color problem in dentistry. Dent Dig
1931;37:499-5009.

5. Goodkind RJ, Schwabacher WB. Use of fiber-
optic colorimeter for in vivo color measurement of
2,380 anterior teeth. ] Prosthet Dent 1987;58:535-42.

6. Paravina RD, O’Keefe KL, Kuljic BL. Color of
permanent teeth: A prospective clinical study.
Available at: “http://www.cbass.org/english/english_
journal.htm”. Accessed on August 23, 2011.

7. Langlois JH, Downs AC. Peer relations as a function
of physical attractiveness: The eye of the beholder
or behavioral reality? Child Dev 1979;50:409-18.

Meera et al 157


http://www.ingentaconnect.com/content/external-references?article=0022-3913(1987)58L.535[aid=8631416]
http://www.ebass.org/english/english_

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

158 Meera et al

Langlois JH, Stephan C. The effects of physical at-
tractiveness and ethnicity on children’s behavioral at-
tributions and peer preferences. Child Dev 1977;48:
1694-8.

Citron CI. Esthetics in pediatric dentistry. N'Y
State Dent ]| 1995;61:30-3.

Shaw WC. The influence of children’s dentofacial
appearance on their social attractiveness as judged
by peers and lay adults. Am J Orthod 1981;79:
399-415.

Woo D, Sheller B, William B, Mancl L, Grembowski
D. Dentists’ and parents’ perceptions of health,
esthetics, and treatment of maxillary primary incisors.
Pediatr Dent 2005;27:19-23.

Hosoya Y. Chromatical measuring of primary teeth.
J Clin Pediatr Dent 1993;17:149-55.

Clark B, Powers JM, Seybold S, Fay R, Johnson R.
Primary teeth color in African-American, Caucasian,
and Hispanic patients. ] Dent Res 1999;78:231.
Kim P, Jung-Wei C. In vivo evaluation of colour
of primary teeth. Pediatr Dent 2007;29:383-6.
Kupietzky A, Waggoner WE. Parental satisfaction
with bonded resin composite strip crowns for primary
incisors. Pediatr Dent 2004;26:337-40.

Hosoya Y, Omachi K, Staninec M. Colorimet-
ric values of stainless steel crowns. Quintessence
Int 2002;33:537-41.

McMaugh DR. A comparative analysis of the colour
matching ability of dentists, dental students, and
ceramic technicians. Aust Dent ] 1977;22:165-7.
Leon JM. Shade selection: The art and science of
color matching. Quintessence Int 1982;13:851-9.
Miller LL. Shade matching. J Esthet Dent 1993;
5:143-53.

Pensler AV. Shade selection: Problems and solutions.
Compend Cont Educ Dent 1998;19:387-4.

Ferreira D, Monard LA. Measurement of spectral
reflectance and colorimetric properties of vita shade
guides. ] Dent Assoc S Afr 1991;46:63-5.

Horn DJ, Bulan- Brady J, Hicks ML. Sphere
spectrophotometer versus human evaluation of
tooth shade. ] Endod 1998;24:786-90.

O’Brien WJ, Boenke KM, Groh CL. Coverage errors
of two shade guides. Int J Prosthodont 1991;
4:45-50.

Color of primary teeth

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

O’Keefe KL, Strick Lee ER, Kerrin HK. Color and
shade matching: The weak link in esthetic dentistry.
Compendium 1990;11:116-20.

Yap AU, Bhole S, Tan KB. Shade match of tooth
colored restorative materials based on a commercial
shade guide. Quintessence Int 1995;26:697-702.
Bergen SE McCasland J. Dental operatory lighting
and tooth color discrimination. J] Am Dent Assoc
1977;94:130-4.

Finagin WB. Shade taking made easy. ] Md State
Dent Assoc 1973;16:195.

Goodkind RJ, Keenan KM, Schwabacher WB. A
comparison of chromascan and spectrophotometric
color measurements of 100 natural teeth. ] Prosthet
Dent 1985;53:105-9.

Macentee M, Lakowski R. Instrumental colour mea-
surement of vital and extracted human teeth. J Oral
Rehabil 1981;8:203-8.

Douglas RD. Precision of in vivo colorimetric assess-
ments of teeth. ] Prosthet Dent 1997;77:464-70.
Hasegawa A, Tkeda I, Kawaguchi S. Color and trans-
lucency of in vivo natural central incisors. ] Prosthet
Dent 2000;83:418-23.

Seghi RR, Johnston WM, O’Brien WJ. Perfor-
mance assessment of colorimetric devices on dental
porcelains. ] Dent Res 1989;68:1755-9.

Roberts CJ. Shade variation in dentistry: A photo-
graphic investigation. Aust Dent J 1984;29:384-8.
Du-Yong Ng DY, Allebach JB, Pizlo Z, Analoui M.
Noncontact image colorimeter for human tooth
color assessment using a digital camera. ] Imaging
Sci Tech 2003;47:531-42.

The power of precision technology, MHT Interna-
tional. Available at: “htep://www.mhtint.com”. Ac-
cessed Oct 30, 2009.
Mostafa A, Evrika B, Cochran M, Matis B. Design-
ing visually optimal shade guides. ] Prosthet Dent
2004;92:371-6.

Paravina RK. Color of primary teeth. Acta Stomato-
logica Naissi 2006;20:611-8.

Douglas A, Geller W, Tric O, et al. Anatomical form
defines color: Function, form, and aesthetics. Pract

Proced Aesthet Dent 2002;14:59-67.

Journal of Dentistry for Children-78:3, 2011


http://www.ingentaconnect.com/content/external-references?article=0022-3913(2004)92L.371[aid=8631414]
http://www.ingentaconnect.com/content/external-references?article=0022-3913(2004)92L.371[aid=8631414]
http://www.ingentaconnect.com/content/external-references?article=0022-3913(2000)83L.418[aid=9746473]
http://www.ingentaconnect.com/content/external-references?article=0022-3913(2000)83L.418[aid=9746473]
http://www.ingentaconnect.com/content/external-references?article=0022-3913(1997)77L.464[aid=9746474]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(1995)26L.697[aid=9746478]
http://www.ingentaconnect.com/content/external-references?article=0893-2174(1991)4L.45[aid=8631419]
http://www.ingentaconnect.com/content/external-references?article=0893-2174(1991)4L.45[aid=8631419]
http://www.ingentaconnect.com/content/external-references?article=0099-2399(1998)24L.786[aid=9746480]
http://www.ingentaconnect.com/content/external-references?article=0011-8516(1991)46L.63[aid=9746481]
http://www.ingentaconnect.com/content/external-references?article=1040-1466(1993)5L.143[aid=9746482]
http://www.ingentaconnect.com/content/external-references?article=1040-1466(1993)5L.143[aid=9746482]
http://www.ingentaconnect.com/content/external-references?article=0045-0421(1977)22L.165[aid=3450671]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(2002)33L.537[aid=8631423]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(2002)33L.537[aid=8631423]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2004)26L.337[aid=8594258]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2007)29L.383[aid=9746484]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2005)27L.19[aid=8631422]
http://www.mhtint.com".Ac-
http://www.mhtint.com".Ac-

Copyright of Journal of Dentistry for Children is the property of American Academy of Pediatric Dentistry and
its content may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's
express written permission. However, users may print, download, or email articles for individual use.



