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Polyurethane Elastomer As a Possible Resilient Material for
Denture Protheses: A Microbiological Evaluation

ROBERT Y. W. TANG, JUAN B. GONZALEZ, and GLENN D. ROBERTS

Mayo Clinic and Mayo Foundation, Rochester, Minnestoa 55901, USA

A polyurethane elastomer was microbiolog-
ically evaluated in vitro for its potential use
in resilient denture liners. Specimens were
immersed in suspensions of ten selected oral
microorganisms; this was followed by viable
cell counts at intervals during a 16-week pe-
riod. Results indicated that the polyure-
thane neither supported the growth of the
organisms nor was it degraded.

The preservation of residual oral structures,
the maintenance of oral health, and the
ability of patients to wear denture prostheses
comfortably are among the prime objectives
in rehabilitation procedures.

Patients with chronic soreness and irrita-
tion from dentures present an extremely dif-
ficult problem for prosthodontic treatment.
This condition can arise from bruxism,
atrophic or unfavorable alveolar ridges, or as
a result of an adverse health condition.'-3
To remedy this condition, soft lining ma-
terials have been used with varying degrees
of success in certain selected clinical situ-
ations. The reason for using resilient liners
is to replace the missing resilient tissue lay-
ers covering the residual ridge with a similar
layer on the denture base. This reduces the
direct shock of mastication on the atrophied
area of support and also results in a more
uniform distribution of occlusal pressure
over the ridge.

Resilient materials that have been used
generally can be grouped into natural rub-
ber, plasticized polyvinyl resin, methyl meth-
acrylate copolymer, and more recent silicone
products. However, none of these materials
meet all the essential requirements that an
ideal material should have.4-7 One of the
serious problems associated with a widely
used silicone product, such as Silastic 390,a
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is the growth of Candida organisms on and
within the material when it is used in some
patients.8-12 The fungal growth destroys the
surface quality of the material and causes
irritation of the oral tissues. Additional re-
ported problems associated with the use of
resilient materials are lack of abrasive resis-
tance, poor adhesion to the hard denture
base, discoloration, lack of permanent re-
siliency, and difficulty in adjustment and
repair."",13,14

Research on polyurethanel5,16 for its po-
tential use in dentistry is an area yet to be
explored. Its dental application, a recent
event, originated in the search for a better
material for extraoral prostheses. At the
Mayo Clinic and Mayo Foundation, Roch-
ester, Minn, a polyurethane elastomerb has
been successfully used in the fabrication of
various facial prostheses.'7 One of its great-
est assets probably lies in the fact that it
can be processed with varying degrees of re-
siliency to suit a particular clinical require-
ment. Although polyurethane has never been
used intraorally, results from preliminary
tests of its physical properties suggested its
feasibility as a resilient lining material for
denture prostheses.'8
The purpose of the present in vitro study

was to perform a microbiological evaluation
of a polyurethane elastomer for potential
use as resilient denture liner. The study con-
sisted of two parts: (1) to determine if the
polyurethane, in the absence of extrinsic nu-
trients, could support the growth of ten se-
lected isolates of oral microorganisms; these
microorganisms consisted of four Candida
species from invasion sites of Silastic 390
denture liners'9 and two common oral bac-
teria, Staphylococcus epidermidis and Neis-
seria pharyngitis (although the literature
does not report bacterial invasion of previ-
ous resilient materials) ; and (2) to deter-
mine if the polyurethane, in a nutrient me-

b Dermathane 100, Medical Industrial Polymer Sci-
ences, Inc., Brookfield, Wis.
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1040 TANG, GONZALEZ. AND ROBERTS

dium, could be invaded by the organisms,
and if it had any effect on microbial growth.

Materials and Methods
The following materials were used: poly-

urethane elastomer (66 each of nonpig-
mented and pigmented specimens); cultures
of Candida albicans (isolates 1 to 5), C
krzusei, C tropicalis, C paropsilosis, S epider-
midis, N pharyngitis; and culture media:
phosphate-buffered, 0.85% sodium chloride
solution, with a pH of 7.2,e phosphate-buff-
ered distilled water, with a pH of 7.2.c Sa-
bouraud's dextrose broth and agar plates,d
and Trypticase soy broth and agar plates
with 5% sheep blood.e

EXPERIMENT 1.-The polyurethane speci-
mens were processed according to the manu-
facturer's instructions20 to yield a Shore A
hardness value of 25 to 30. An aluminum
mold was used to ensure surface smoothness
and to control the dimensions of the speci-
mens (Fig 1) The processed specimens were
washed with soap and tap water and auto-
claved at 121 C for 25 minutes.

For each Candida isolate, a series of nine
culture tubes, each containing 14.85 ml of
sterile sodium chloride solution, was set up.

c Prepared in laboratory.
d Lab-Tek, Division of Miles Laboratory, Inc., Naper-

ville, Ill.
6 Baltimore Biological Laboratories, Cockeysville, Md.

Similar series were set up for the bacteria,
except that each tube contained 14.5 ml of
sterile distilled water. Three nonpigmented
and thiree pigmented polyurethane speci-
mens were placed in the first six tubes, while
the remaining three tubes served as controls.
The Candida cells from Sabourauid's dex-
trose agar plates and the bacteria from
Trypticase soy agar were transferred and
washed three times in saline and water, re-
spectively, to prevent inclusion of medium.
The Candida was standardized in a spectro-
photometerf to yield a suspension of 1 x 107
cells/ml, and 0.15 ml of this suspension was
pipetted into each culture tube to give a
final concentration of I X 105 cells/ml. The
tubes were loosely capped and incubated at
an optimal temperature of 30 C. The bac-
teria were standardized with a MacFarland
spectrophotometric standardg to yield a sus-
pension of approximately 3 x 108 cells/ml,
and 0.5 ml of this suspension was pipetted
into each culture tube to yield a final con-
centration of I X 107 cells/ml. The tubes
were incubated at 37 C.
The effect of polyurethane on the viabil-

ity of the organisms was determined by quan-
titation of the number of viable celIs in
those tubes containing the specimens and in

f Bausch and Lomb, Spectronic 20, Rochester, NY.
g Kostner and Company, W. Ger.

FIc 1.-Left, three-piece design aluminum mold in which polyurethane specimens were pro-
cessed. Right, each finished specimeni measured 3.81 x 1.27 X 0.32 cm.
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POLYURETHANE AS RESILIENT DENTURE LINER 1041

the control tubes at specific intervals. The
number of viable Candida cells in each tube
was determined at intervals of 1, 2, 3, 5. 7,
10, 13, and 16 weeks, and the bacteria at 6,
12, 24, 48, and 72 hours. by a method of
serial dilution (Fig 2).
EXPERIMENT 2.-The method was basically

similar to that in experiment 1 and the same
organisms were used; however, Sabouraud's
dextrose and Trypticase soy broth were used
in place of saline and water. Both the Can-
dida and bacteria organisms were standard-
ized to a final concentration of 1 X 104 cells!
ml. The number of viable Candida cells in
each culture tube was determined on day 2
and at intervals of 1, 2, 3, 6, 9, 12, and 16
weeks, and the bacteria at days 1 and 3, and

A0.1
ml

4.5
ml

0.5 Ml -*.

Ao.ol ~ ~ osmAQO

'ml ' ml

v0
/; ~~0.5ml ->

4 5
Culture ml

FIG 2.-Schema for colony count of yeast cul-
tures in saline medium. From culture, 0.01 ml
was transferred to each of two Sabouraud dex-
trose agar plates; 0.5 ml from culture was trans-
ferred to each of two culture tubes containing
4.5 ml of sterile saline. Again, 0.01 ml from
these diluted suspensions was transferred onto
another two agar plates. Plates were incubated
at 30 C and number of colonies was determined
by colony counter.

1, 2, 5, 8, 12, and 16 weeks, by a method of
serial dilutions.
At the end of the 16 weeks, the polyure-

thane specimens were removed from the
tubes, rinsed with water, and allowed to air-
dry. They were then placed in 10% Forma-
lin for 36 hours, and air-dried again. The
specimens were stained with 0.5% crystal
violet for two minutes, rinsed with water,
and air-dried. The surface quality of the
specimens was examined both visually and
microscopically by viewing thin sections
made freehand with a single-edge razor
blade.

Results
The effects of polyurethane on the viabil-

ity of the microorganisms were expressed
graphically by plotting the logarithmic num-
ber of the viable cells per milliliter deter-
mined at the selected intervals against the
time.

Figures 3 to 5 are graphic representations
of the mean viable cell counts of C albicans
(isolates I and 5) and S epidermidis, in a
nonnutrient medium (saline and water) con-
taining the polyurethane specimens, com-
pared with the mean control counts. Little
deviation was observed in the pattern of
counts obtained in the presence of the poly-
urethane and those of the control. This was
true with all the test organisms. Therefore,
in a medium essentially free of nutrients,
the polyurethane apparently did not sup-
port the growth of the organisms. A one-

Mean counts
Nonpigmented polyurethane

. Pigmented polyurethane
~-- Control

0 1 2 3 5 7 10 13 16

Weeks
FIG 3.-Viable cell counts of C albicans (isolate

1) in saline medium. From initial inoculum of
1 x 101 (log 5.00) cells/ml, cell counts exhibited
gradual decrease during 16-week period. No
significant deviation was noted between counts
in presence of polyurethane and those of control.

Vol 54 No. 5

 by guest on July 9, 2011 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 

http://jdr.sagepub.com/
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Mean counts
Nonpigmented polyurethane

*... Pigmented polyurethane
E8 - ---Control

U 7

th 4
C3 1 1 X

0 1 2 5 8 12 16

Weeks
FIG 4.-Viable cell counts of C albicans (isolate

5) in saline medium. More rapid decrease in
counts was noted; however, difference was insig-
nificant in pattern of counts between those in
presence of polyurethane and those of control.

way analysis of the variance of mean colony-
forming units did not show any significant
difference in mean counts in the nonpig-
mented or the pigmented polyurethane and
the control. The only exception in which a
statistical difference (P <0.01) was found
was between the Staphylococcus mean counts
in the presence of pigmented polyurethane
and that of the control at the 48-hour inter-
val. This was probably the result of an ex-
perimental error since the following 72-hour
interval did not show any viable cells with
either the pigmented polyurethane or the
control.

Figures 6 to 8 are graphic representations
of the mean colony-forming units of C albi-

Mean counts
Nonpigmented polyurethane
-Pigmented polyurethone

l--- Control

0 6 12 24 48 72

Hours

FIG 5.-Viable cell counts of S epidermidis in
distilled water. From initial inoculum of 1 x 10'
(log 7.00) cells/ml, there was abrupt fall in
counts. No viable counts were registered at 72-
hour interval.

7

6

-4 4

0

Meon counts
- Nonpigmented polyurethane

. Pigmented polyurethane
--- Control

--

1 2 3 6 9 12 16

Weeks
FIG 6.-Viable cell counts of C albicans (isolate

3) in Sabouraud's dextrose broth. From initial
inoculum of 1 X 104 (log 4.00) cells/ml, rapid
initial proliferation of cells was followed by
gradual decrease in counts. Slight difference was
noted between counts in presence of polyure-
thane and those of control.

cans (isolate 3), C paropsilosis, and N phar-
yngitis in a broth medium. Again, slight if
any deviation in the pattern of counts was
noted between those in polyurethane and
the control. This was true with all of the
test organisms. A one-way analysis of the
variance did not show a significant differ-
ence in the mean counts between the poly-
urethane and the control. Visual and micro-
scopic examinations of polyurethane sections
were without evidence of invasion by the
organisms nor was there any apparent effect
on the specimens by cell metabolites or by
the media alone. The surface remained
smooth and intact (Figs 9-11).

q)

%0

7

6

- ,

Mean counts
Nonpigmented polyurethane

--.. Pigmented polyurethane
--- Control

lK I

0 1 2 3 6 9 12 16

Weeks
FIG 7.-Viable cell counts of C paropsilosis in

Sabouraud's dextrose broth. Insignificant dif-
ference was noted in pattern of counts.

1-4
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Mean counts
- Nonpigmented polyurethane

.....Pigmented polyurethane
--- ControlN.

I.)

-4,

0 1 2 3 5 7 10 13 16

Weeks
FIG 8.-Viable cell counts of N pharyngitis in

Trypticase soy broth. Again, no significant dif-
ference was noted in pattern of counts.

Discussion
Studies on the subject of resilient lining

materials for denture prostheses have been
numerous. One of the problems associated
with the use of the material is the growth of
Candida organisms on and within the ma-
terial, resulting in its degradation and sub-
sequent irritation to oral tissues (Fig 12).

Trhe literature contains only three reports
on attempts made to determine if denture
lining material can, in fact, be a nutrient
source for tlle propagation of certain oral
microorganisms. Love.21 searching for visual

FIG 9.-No invasion of nonpigmented (top)
and pigmented (bottom) polyurethane by C
albicans (isolate 1) is evident (0.5% crystal
violet; mag X210).

FIc 10.-No invasion of nonpigmented (top)
and pigmented (bottom) polyurethane by S
epidermidis is evident (0.5% crystal violet; mag
X210) .

growth of colonies of C albicans on Silastic,
reported that both Silastic 390 and Silastic
616 supported the growth of C albicans with-
out additional nutrients. This finding, how-
ever, was not verified by Masella.19 Using a

FIr 11.-Sections of freshly processed nonpig-
mented (top) and pigmented (bottom) poly-
urethane. No significant difference was found
in overall surface quality between these control
specimens and that of test specimens.

1043Vol 54 NO. 5
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FIG 12.-Top, Freshly processed Silastic 390
denture liner. Bottom, Resilient liner that has
been worn for some time. There is significant
loss of surface integrity of liner.

different method of inoculation, he reported
that Silastic 390 did not support the growth
of C albicans. Nevertheless, both authors
agreed that Silastic was susceptible to inva-
sion hy C albicans in the presence of nutri-
ents, and this resulted in its deterioration.
Williamson,22 using a method of surface
viable counts, indicated tlhat, during a five-
day period, silicone materials tested would
not support the growth of C albicans. He

indicated that Molloplast Bg might even

have an inhibitory effect on the organisms in
saline medium, although this effect was ne-

gated later when a small amount of saliva
was introduced.
As stated previously, we attempted to an-

swer two basic questions: (1) Will polyure-
thane support the growth of the ten selected
oral microorganisms? and (2) In the pres-

ence of nutrients, will polyurethane be af-
fected by the organisms, resulting in its
degradation?
An analysis of the results in experiment I

indicated that, since essentially no cell
growth was observed in the presence of poly-
urethane, it seemed unlikely that the poly-
urethane possessed any nutritional value to

support the growth of the organisms. No
significant difference was noted in the results

obtained with nonpigmented and with pig-
mented polyurethane. This can be accounted
for by the fact that the basic composition of
these substances is the same and that the ad-
dition of pigments did not alter their be-
havior. Although they both showed similar
resistance to fungal and bacterial invasion,
similarity in their physical properties and
clinical behavior still remains to be shown.
The use of buffered media prevented any
significant variations in the pH of the media.
This eliminated the effect that such variation
might have. on the stimulation or inhibition
of the growth of the organisms.

In experiment 2, in which nutrient media
were used, results did not show significant
differences between the mean colony-forming
units from the media containing the poly-
urethane and the control. No inhibitory or
other effect of the polyurethane was evident,
thus further suggesting the inertness of the
material. The organisms in both the tubes
containing the specimens and the control
exhibited a rapid initial proliferation until
maximal colony-forming units were reached.
Subsequent counts showed a gradual decrease
in the number of colony-forming units, a
change that apparently occurred as the avail-
able nutrients diminished, the toxic waste
accumulated, and the pH in the media
changed. The difference in the results be-
tween the nonpigmented and pigmented
polyurethane was not significant.

Visual and microscopic examination of
polyurethane sections did not show evidence
of invasion by the organisms and there was

no apparent effect on the polyurethane by
cell metabolites or the media alone. In all,
the surface remained smooth and intact.
This is in direct contrast to the results re-

ported by Love2l and Masella'9 when they
used Silastic. Both reported in vitro inva-
sion of the Silastic by C albicans when ex-
trinsic nutrients were available, and this
finding is significant. The apparent inert-
ness and the ability of polyurethane to re-
tain surface smoothness represent distinct
advantages of this material over Silastic. It
is also a step closer to solving the problem
of tissue irritation induced by the disruption
of the surface integrity of the lining material
by oral microorganisms.

As there are many organisms other than
Candida present in the mouth, the next
logical step in the evaluation of the polyure-
thane is the clinical assessment of the mate-

J Dent Res September-October 1975
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POLYURETHANE AS RESILIENT DENTURE LINER 1045

rial in the oral environment followed by
periodic examinations of the material and
a study of its physical properties and beha-
vior. The present study, nevertheless, showed
the possibility of the polyurethane as a po-
tential resilient denture liner.

Conclusions
A microbiological study was done to eval-

uate, in vitro, the suitability of a polyure-
thane elastomer as a resilient denture liner.
The study consisted of two parts. One was
to determine if the nonpigmented or pig-
mented polyurethane, in the absence of ex-
trinsic nutrients, would support the growth
of ten selected oral microorganisms (eight
Candida isolates from invasion sites of Si-
lastic denture liners and two bacteria, S epi-
dermidis and N pharyngitis). The other
was designed to determine if (1) the poly-
urethane, in a nutrient environment, could
be invaded by the organisms, and (2) the
polyurethane had any effects on microbial
growth. The method involved quantitatively
evaluating the effect of polyurethane on sus-
pension of yeasts and bacteria and subse-
quent microscopic examination of sections of
polyurethane for evidence of deterioration
or invasion.
We concluded that the polyurethane elas-

tomer did not support the growth of the ten
selected oral microorganisms. In a nutrient
environment, no inhibitory or other effects
of the polyurethane on the colony-forming
units were observed. Fungal or bacterial in-
vasion of the polyurethane specimens was
not evident. There was no apparent effect
on the polyurethane by cell metabolites or
the media alone, and the surface of the spec-
imens, whether nonpigmented or pigmented,
remained smooth and intact. These findings
justify a further in-depth evaluation of the
physical properties and a clinical assessment
of the polyurethane elastomer to determine
its suitability as a resilient denture liner.
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