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ABSTRACT
Statement of problem. A palatogram aids prosthodontists and speech pathologists in evaluating
the precise prosthetic treatment needed and the effectiveness of such treatment to improve speech
intelligibility. Powder is commonly used to visualize tongue-palate contact, where wetted areas of
powder in the oral cavity reveal such contact during palatography. However, discomfort and the risk
of aspiration are among the shortcomings of this method, and an improved method is needed.

Purpose. The purpose of this in vitro study was to examine the feasibility of a new method of
palatography that uses airborne-particleeabraded acrylic resin so that wet areas can be easily
distinguished from dry areas.

Material and methods. Seventy-two specimens of heat-polymerized acrylic resin were prepared in
6 different resin colors. After the specimens had been airborne-particle abraded, CIELab color values
for each specimen were measured using a colorimeter under dry and wet conditions and recorded.
Color difference (DE) was then computed, and a paired Student t test, 1-way analysis of variance,
and multiple comparison using the Tukey post hoc analysis were applied (a=.05).

Results. A significant color difference was found between the 2 conditions in all acrylic resin
specimens examined. Mean DE ranged from 5.58 to 6.76.

Conclusions. The results indicated that an airborne-particleeabraded acrylic resin surface can show
color differences made by wetting on palatograms. (J Prosthet Dent 2019;121:671-5)
A successful prosthodontic
treatment involves considering
not only the esthetics, func-
tions, and comfort of use of the
prosthesis but also speech.1,2

The tongue, as a main articu-
lator, plays a major role in the
formation of speech sounds,3,4

and prosthodontists should
examine tongue contact with
the palate in the evaluation of
both normal and pathologic
speech. Using a palatogram is
one method of evaluation.

A palatogram is an image
obtained by recording contact
between the tongue and palate
in the articulation of sound.5

Palatograms can help speech

pathologists in the assessment and treatment of speech
disorders, indicating speech sound (phonetic) changes
that have occurred after the placement of a removable
complete denture.6 Palatograms are also a diagnostic tool
used by prosthodontists to determine how much the
thickness of an oral prosthesis should be augmented to
aid intelligible speech in patients with impaired tongue
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movement.7 Palatography is a safe and convenient clin-
ical technique that has become widely used. Coles8 was
the first, in 1871, to introduce painting of the tongue to
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colored aerosol marking media (Occlude; Pascal Co,
-Aid for Scientific research (JSPS KAKENHI grant number: JP 15K20508 and
ociety for Maxillofacial Rehabilitation (ISMR) and the American Academy of
31, 2017.
and Dental Science, Tokyo Medical and Dental University (TMDU), Tokyo, Japan.
l and Dental Science, Tokyo Medical and Dental University (TMDU), Tokyo, Japan.
and Dental Science, Tokyo Medical and Dental University (TMDU), Tokyo, Japan.
ntal Science, Tokyo Medical and Dental University (TMDU), Tokyo, Japan.
Medical and Dental Science, Tokyo Medical and Dental University (TMDU), Tokyo,

ntal Science, Tokyo Medical and Dental University (TMDU), Tokyo, Japan.

671

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prosdent.2018.09.002&domain=pdf


Figure 1. Airborne-particleeabraded specimen of acrylic resin before
and after spraying with artificial saliva.

Table 1.National Bureau of Standards (NBS) system of
expressing color difference

Critical Remarks on Color Differences NBS Units

Trace 0.0-0.5

Slight 0.5-1.5

Noticeable 1.5-3.0

Appreciable 3.0-6.0

Much 6.0-12.0

Very much >12.0

Clinical Implications
Airborne-particle abrading the acrylic resin surface
enabled the color change between wet and dry
areas to be visualized. Airborne-particleeabraded
surfaces of palatal prostheses can be used to
visualize tongue-palatal contact on palatograms.

672 Volume 121 Issue 4
Inc),6 and gothic arch-tracing ink.10 Moreover, the eval-
uation of the dynamics of functional contact has
improved with advances in imaging techniques such as
cinefluorography,11 electropalatography,12 ultrasound,13

and magnetic resonance imaging.14 The technique us-
ing powder has also gradually developed from Coles’
original use of wheat flour8 through the use of dry black
powder (a mixture of charcoal and chocolate),15 talcum
powder,9 and tooth-polishing powder. Among the
techniques of dynamic palatography, electropalatography
is widely used in experimental phonetic laboratories and
speech clinics, although mainly for research, rather than
for clinical purposes.16 Using powder is affordable, and
today irreversible hydrocolloid impression powder is
commonly used.

Irreversible hydrocolloid powder is easy for dentists to
apply to the tongue, and the denture base is usually
wiped with petroleum jelly to improve the adhesion of
the irreversible hydrocolloid powder. The patient articu-
lates monosyllables such as /sa/ and /ta/, which are pal-
atolingual sounds formed by contact between the tongue
and the hard palate, as well as /ka/, which is a palato-
lingual sound formed by contact between the tongue and
the soft palate.3 Wetted areas on the denture base will be
observed where contact was made. However, speaking
with powder in the oral cavity may be uncomfortable and
can result in coughing. There is also a risk of aspiration,
especially in elderly patients or patients with a glossec-
tomy. An improved method that uses an alternative to
powder is therefore desirable.

Airborne-particle abrasion of the denture surface
could provide an alternative method for visualizing
wetness on the surface during palatography. Airborne-
particle abrasion involves spraying a stream of abrasive
material at high speed onto an object under the power of
compressed air to modify the surface and shape of an
object by cleaning or roughening its surface. In dentistry,
airborne-particle abrasion is used to clean the intaglio
surfaces of restorations and enhance mechanical reten-
tion. The roughened surface also changes color after
wetting. Compared with unmodified surfaces, airborne-
particleeabraded surfaces look whiter because of diffuse
light reflection17 but darken when wetted. Thus, the
objective of this in vitro study was to examine the
THE JOURNAL OF PROSTHETIC DENTISTRY
feasibility of a new method of palatography that uses
airborne-particleeabraded denture base surfaces. The
null hypothesis was that no differences in color would be
observed between wet and dry conditions on airborne-
particleeabraded acrylic resin surfaces.

MATERIAL AND METHODS

The sample size (n=12 per group) was estimated by a
power analysis, assuming statistical significance
(a=.05) with a power of 0.95 based on data from a pilot
study. Seventy-two 2-mm-thick specimens of heat-
polymerizing acrylic resin were prepared in 6
different colors (Acron dark pink, live pink, clear pink,
pink, light pink, and pale pink; GC) (n=12 per color
group). The heat-polymerizing acrylic resins were
processed according to the manufacturer’s instructions
in a denture flask. Once the acrylic resin was poly-
merized, the plate was divided with laboratory steel
burs into 20×20-mm specimens. The primary polishing
step was performed for all specimens by using an
abrasive paper from #320 to #1000 (Waterproof Abra-
sive Paper DCC; Sankyo), and then all specimens were
polished to a high gloss on a polishing machine (Kavo
EWL Dental Lab Polishing Lathe System; Kavo) by
using abrasive powder (NSK Ebisand; Shimomura
Gypsum Co, Ltd) with glycerin (Glycerin; Toho
Kelimu et al
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Figure 2. Mean CIELab color values for each of the 6 colors of airborne-particleeabraded acrylic resin specimens with and without application of
artificial saliva. *Statistically significant (P<.05).
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Figure 3. Mean color difference (DE) for each of the 6 colors of airborne-
particleeabraded acrylic resins. *Statistically significant (P<.05).
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Yakuhin Co, Ltd) and zinc oxide (Zinc Oxide; Kozakai
Seiyaku Co, Ltd) powder with water.

After drying, each of the specimen surfaces was
airborne particle abraded at an inclination of 90 degrees
for 10 seconds with 50-mm alumina (RONDOflex Abrasive
Powder; Kavo), with a pressure of 392 kPa. The distance
between the specimen surface and the tip of the abrader
Kelimu et al
was standardized at 10 mm. The color of each specimen
was then measured by using an electric colorimeter (Color
Reader CR-13; Konica Minolta, Inc) with a measuring
head of an 8-mm aperture. To determine the color of test
specimens, the colorimeter was calibrated according to the
manufacturer’s instructions by using the white calibration
standard supplied. Measurement was performed at 3
different locations for each specimen. Mean levels of L*,
a*, and b* were automatically calculated by the colorim-
eter and recorded in the CIELab color system, a color
order space with coordinates for lightness: white-black
(L*), red-green (a*), and yellow-blue (b*). After artificial
saliva (Butler Gel Spray; Sunstar, Inc) was applied to the
whole specimen surface with a disposable brush (Fig. 1),
the color measurement of CIELab color values was
repeated in the same manner immediately after wetting.
The color difference (DE) was then calculated by using the
following formula18:

DE�00=ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
DL0

KLSL

�2
+
�

DC0

KCSC

�2
+
�

DH0

KHSH

�2
+RT

�
DC0

KCSC

��
DH0

KHSH

�s
;

where DL0, DC0, and DH0 represent CIELab lightness,
chroma, and hue differences. SL, SC, and SH are
THE JOURNAL OF PROSTHETIC DENTISTRY
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weighting functions for the lightness, chroma, and hue
components. KL, KC, and KH are the respective para-
metric factors, and RT is a hue rotation term.

A paired Student t test was used to determine the
difference in color between dry and wet conditions for
all specimens. One-way analysis of variance was
applied to compare DE in all specimens. Multiple
comparison was made using the Tukey post hoc anal-
ysis to determine the most effective acrylic resin color
resulting from airborne particle abrasion in the 2 con-
ditions (a=.05). All analyses were performed using a
statistical software program (IBM SPSS Statistics, v21.0;
IBM Corp). Critical marks of color difference (DE) were
calculated by using the standard National Bureau of
Standards (NBS) units19 shown in Table 1 to reflect the
clinical setting, which was expressed by the formula
NBS units=DE×0.92.
RESULTS

The color change was observed after wetting all speci-
mens regardless of acrylic resin color. Mean CIELab color
values of the colored specimens in dry and wet condi-
tions are shown in Figure 2. A significant color difference
was found between the dry and wet conditions in all the
specimens. Mean DE values are shown for each color
type of specimen in Figure 3 and ranged from 5.58 to
6.76. A significant difference in DE was found among the
different color types. The Tukey test showed significant
differences between live pink and light pink, live pink
and pale pink, clear pink and pale pink, and pink and
pale pink (P<.05).

DISCUSSION

The null hypothesis was rejected as the colors of
different acrylic resins appeared different under dry
and wet conditions. Color is produced by a combina-
tion of the 3 principal color elements known as the 3
chromatic characteristics of hue, brightness, and
chroma. The human eye can detect a difference in hue
(red, yellow, green, blue, and so on), chroma (satura-
tion), or lightness to the same degree or extent. As a
result, when the lightness (L*) of the specimens was
decreased by wetting with saliva, the surface looked
darker, with the coordinates for red-green (a*) and
yellow-blue (b*) increased. Thus, specimens had
greater color components of redness and yellowness
when wet. Seghi et al20 reported that a color difference
of DE>2 could be detected visually by an observer all
the time. In the present study, all color differences
before and after wetting of the airborne particlee
abraded specimen surfaces with artificial saliva were
greater than 2 and were categorized as ‘appreciable’
and ‘much’ according to the NBS system.18
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The pale pink and light pink acrylic reason colors had
a greater DE than other color pairs. By contrast, clear pink
and pink had a lower DE, with live pink showing the
lowest DE. The results indicate that among the materials
tested, pale pink and light pink airborne particleeabraded
acrylic resin specimens are the best base materials for
palatography.

This study evaluated color change within different
airborne particleeabraded acrylic resin surfaces for pala-
tography. Limitations of this study include that artificial
saliva was used rather than natural saliva. Human saliva
shows variation, so natural saliva might give different
results. In addition, the material used was a newly pro-
cessed acrylic resin, but dentures that need to be exam-
ined in patients with speech problems are not newly
processed in the clinical setting. Future work should
involve the clinical study of the airborne particleeabraded
palatography method.

CONCLUSIONS

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

1. Airborne-particleeabraded denture base material
can show color differences with wetting.

2. Therefore, airborne-particleeabraded acrylic resin
surfaces can be used to visualize tongue-palatal
contact on palatograms.
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