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Purpose: This study compared the effects of an antimicrobial agent (Asepto-Sol) on the
physical properties of types IlI, IV, and V gypsum casts made from two types of impression
materials. Materials and Methods: Selected physical properties of five gypsum-based dental
stones (Prima-Rock, Ortho Stone, New Fujirock, Die-Keen, Microstone) and two resin-based
dental stones (Resin-Rock, Instone) were evaluated using an addition silicone impression
material (Reprosil) and an irreversible hydrocolloid (Jeltrate Plus). In group 1, Asepto-Sol
solution replaced water as the gauging liquid for the seven dental stones. The mixed
gypsum was poured directly onto impressions of two master dies using two impression
materials. In group 2, impressions made with both impression materials were sprayed with
the Asepto-Sol solution, left for 10 minutes, rinsed for 30 seconds with tap water, and
poured with each dental stone mixed with deionized water. In group 3 (control), the
gypsums were mixed with deionized water and the mixed stone was poured directly into
impressions, with no exposure to Asepto-Sol. The physical properties evaluated for the
gypsum specimens were linear dimensional change, detail reproduction, Knoop hardness,
and transverse strength. Results: The linear dimensional stability, detail reproduction, and
transverse strength tests were relatively unaffected by the use of Asepto-Sol, with few
exceptions. Detail reproduction appeared to be least affected by Asepto-Sol, and changes in
Knoop hardness were noted but results differed among the seven dental stones. However,
New Fujirock was not ideally matched with Jeltrate Plus, and no stone specimens could be
produced. Conclusion: Whether mixed with the gypsum powder or sprayed on impressions,
Asepto-Sol solution did not adversely affect the physical properties of the dental stones

tested. Int J Prosthodont 2004,17:65-71.

here is a growing body of research in the area of

dental infection control. This trend is certain to
continue, particularly as new materials and tech-
niques are introduced to enhance existing infection-
control procedures and reduce potential sources of
cross-contamination. Studies have documented the
transfer of microorganisms from dental impressions
to gypsum casts.'=3 Thus, measures that enhance the
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effectiveness of the barrier system merit scrutiny.
Impression making is one widely used procedure
where clinicians must balance the requirement to
maintain an intact barrier system with the need to pro-
duce accurate dental casts.

The American Dental Association and the Centers
for Disease Control recommend the disinfection of
dental impressions and gypsum casts.*> Comparisons
of the efficacy of immersion versus spray disinfection
using different disinfectants and exposure times have
been reported, with varied results.>-'* Researchers
have assessed the effectiveness of adding a chemical
disinfectant to the gypsum mix itself.'>1® lvanovski et
al' found 2% glutaraldehyde to be the most effective
disinfectant with the least adverse effects on the phys-
ical properties of a cast. However, concerns for the tox-
icity of glutaraldehyde preclude its use on a daily
basis. Although providone-iodine may be an able sub-
stitute, it can decrease the compressive strength of
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Table 1 Materials and Manufacturers Used

Material/product Type

Dental stone

Prima-Rock, Whip Mix Type IV

Resin-Rock, Whip Mix Type IV

Microstone, Whip Mix Type I

Orthodontic Stone, Whip Mix Type I

Die-Keen, Modern Materials Miles Type V

Instone, Leach & Dillon Type IV

New Fujirock, GC Type IV
Impression material

Reprosil Regular Body, Dentsply/Caulk

Jeltrate Plus Regular Set, Dentsply/Caulk
Chemical disinfectant solution

Asepto-Sol, Asepto Systems 0.25% chloramine T

gypsum.'” Breault et al'® reported that the addition of
a 5.25% solution of sodium hypochlorite actually in-
creases the compressive strength of gypsum and de-
creases the setting time, but leaves other physical prop-
erties unchanged.

Reports describe incorporating a chemical disin-
fectant in impression materials, as well as using dif-
ferent chemical disinfectants for spray and immersion
disinfection for both impressions and casts.'”-2!
Investigators have even evaluated dental stones con-
taining a chemical disinfectant added to the gypsum
powder during manufacturing.??2* Aside from disin-
fecting dental impressions, no one approach has
emerged as the most effective method of preventing
possible cross-contamination when handling dental
impressions and casts.

The present investigation was undertaken to evalu-
ate the effects of an antimicrobial agent, Asepto-Sol, on
the physical properties of seven dental stones repre-
senting three different types of gypsum products using
two types of impression materials following two dis-
infection protocols. The hypothesis of the study was
that the Asepto-Sol disinfectant solution would have no
effect on the physical properties of the two dental im-
pression materials and the seven gypsum products.

Materials and Methods
Impression and Die Materials

Seven gypsum products representing type Il dental
stones and type IV and V die stones were chosen for
evaluation with a polyvinyl siloxane (PVS) and an ir-
reversible hydrocolloid (alginate) impression mater-
ial (Table 1). Two categories of gypsums were repre-
sented: 100% gypsum and the newer, resin-gypsum
die materials containing a resin filler.

The disinfectant was prepared according to the
manufacturer’s instructions by dissolving four 4.5-g
Asepto-Sol tablets in 1 gal deionized water and al-
lowing the mixture to stand overnight prior to use. The
resulting solution contained 0.25% chloramine-T.
Impressions were made of a round stainless steel
master die with engraved lines to measure linear di-
mensional change and detail reproduction (Fig 1). A
stainless steel bar (40 mm long, 6 mm wide, 6 mm
high) served as the master die for the Knoop hardness
and transverse strength tests.

Test Groups

In group 1, gypsum specimens were produced, with
Asepto-Sol solution serving as the gauging liquid for the
stone powders, following the manufacturers’ recom-
mended water:powder ratio. The PVS and irreversible
hydrocolloid impression materials were mixed con-
ventionally, with deionized water serving as the irre-
versible hydrocolloid gauging liquid. The two master
metal dies were impressed and poured in stone as de-
scribed for each of the following four test procedures.

In group 2, the PVS and irreversible hydrocolloid
impression materials were mixed as in group 1, and
impressions were made of the two master dies. Each
impression was sprayed with the same concentration
of Asepto-Sol solution used for the gauging liquid in
group 1. These impressions were sealed in a zip-
pered plastic bag. After a 10-minute contact time, the
impressions were removed from the plastic bag,
rinsed for 30 seconds under gentle running tap water,
and poured with the different dental stones. The gyp-
sum specimens were separated from the impressions
1 hour after the start of mixing.

For group 3 (controls), the two impression materials
were mixed as in groups 1 and 2. Impressions were
made of the master dies and poured in each of the
seven dental stones using deionized water and the rec-
ommended powder:liquid ratio. Neither the impression
materials nor the dental stones were exposed to Asepto-
Sol, and the resulting specimens served as the controls.

Seventy gypsum specimens were produced for
each of the following tests: linear dimensional
change, Knoop hardness, detail reproduction, and
transverse strength. The tests were conducted in ac-
cordance with modified American National Standards
Institute/American Dental Association (ANSI/ADA)
specifications No. 19 and No. 18 test methodology.

Testing Procedures
A specially fabricated round, stainless steel master die

with reference marks engraved at each end of the top
surface was used for the linear dimensional change

The International Journal of Prosthodontics | @6 | Volume 17, Number 1, 2004

COPYRIGHT © 2004 BY QUINTESSENCE PUBLISHING CO, INC.
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Hall et al

Effects of Disinfection on Dental Stones

<—— 25.947 mm ——>,

Line width

Line 17 =111.0
Line 16 =103.0
Line 15=98.0

Line 14=91.0

Line 13 =86.0

Line 12=80.0

Line 11=72.0

Line 10 =64.0

Line 9=51.0

Line 8 =36.0
Line 7=28.0
Line 6 =19.0
Line5=11.0
Line4=9.8
Line3=7.2
Line2=3.4
Linel=15

Fig 1 Test surface of the master die used for the linear dimensional change and detail repro-

duction tests.

and detail reproduction tests (Fig 1). Two indentations
approximately 3 pm long and positioned at right an-
gles to each other formed a reference point at their
intersection. The distance between the outer marks
on the master metal die measured 25.947 mm. Ten
PVS and 10 irreversible hydrocolloid impressions of
the metal die were made at room temperature (23 +
1°C) for each of the seven gypsum products. The
dental stones were mixed, poured, and stored ac-
cording to the criteria established for the three groups.

The distance between the outer reference points on
the test surface was measured on the stone casts 2
hours after the start of mixing. This time delay was
chosen to ensure the different stones had set com-
pletely and the surface was dry. Five measurements
were made per specimen and averaged by one in-
vestigator. The means and standard deviations (SD)
for the percent change in length, as compared to the
length of the master mold (25.947 mm), were calcu-
lated and recorded.

The specimens produced for the dimensional
change test were also used to assess detail reproduc-
tion. The master die had 17 lines, 30 mm long, that ran
parallel to one another and were at right angles to the
die’s long axis (Fig 1). The width of the scribed lines
ranged from 1.5 pm (line 1) to 111.0 ym (line 17). After
making the linear dimensional change measurements,
one investigator scored the specimens for detail re-
production. If 75% or more of a length was repro-
duced, the stone was scored as being able to reproduce
that line. Scoring was conducted under 10X magnifi-
cation using a stereo measuring microscope (Mitutoya)
with a traveling stage and a resolution of 1 pm.

A stainless steel bar (40 mm long, 6 mm wide, 6
mm high) served as the master die for the Knoop
hardness and transverse strength tests. Two PVS im-
pressions were made of the master die for each den-
tal stone-impression material combination and
poured five times to produce 10 dies for the hardness
test. Ten individual irreversible hydrocolloid im-
pressions had to be made and poured for each die
stone—impression material combination. Testing was
conducted 24 hours after the specimens were poured,
and all specimens were maintained at room temper-
ature. A Knoop hardness tester (M-400-H1, Leco)
was used with a 20-second dwell time and a 500-g
load. Five indentations were made on the test surface
of every cast, and the mean and SD were calculated
for each group of 10 specimens.

Following the Knoop hardness test and 48 hours
after pouring the dental stones, the transverse strength
test was conducted using a three-point bending test.
Each gypsum replica of the steel bar was prepared to
a uniform thickness verified with measuring calipers.
The specimens were placed in an Instron universal
testing machine (model 1125) and loaded at a cross-
head speed of 0.1 mm/min until fracture occurred.
The transverse strength was calculated using the fol-
lowing formula:

S = 3WL/2bd?

where S = transverse strength; W = maximum load
before fracture; L = distance between the supports;
b = width of specimen; and d = thickness of speci-
men.
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Table 2 Detail Reproduction (Mean Line Width in pm; n = 10)
Die- Prima- New Resin- Orthodontic
Group Keen Rock Fujirock Instone Rock Stone Microstone
Polyvinyl siloxane
Group 1 11 11 11 11 19 11 19
Group 2 11 11 11 11 19 19 19
Group 3 7 7 11 11 11 11 11
Irreversible hydrocolloid
Group 1 19 19 NA 28 28 28 28
Group 2 28 28 NA 28 28 28 28
Group 3 19 28 NA 28 28 28 28
Statistical Analysis three groups (Fig 2). The exception was Orthodontic

For the linear dimensional change, transverse
strength, and hardness tests, a one-way analysis of
variance (ANOVA) was performed. If significant dif-
ferences were found, the Student-Newman-Keuls
multiple comparison test was applied to identify
those differences. Comparisons were made between
the two impression materials among the three groups
(P=.05). For the detail reproduction test, a one-way
ANOVA on ranks was used to determine if one of the
gypsums had better detail reproduction with the two
impression materials, and if there were differences
among the three test groups (P = .05).

Results
Linear Dimensional Change
There were no statistical differences in the linear di-

mensional change for six of the seven stone dies pro-
duced from the PVS impression material in any of the

Stone, where groups 1 and 2 had significantly less lin-
ear dimensional change than their control group. In
contrast, with Reprosil, the New Fujirock casts pro-
duced for all three groups actually underwent a neg-
ative linear dimensional change (contraction).

Specimens produced from the combination of
New Fujirock and Jeltrate Plus had less than ideal sur-
face quality, so linear dimensional change could not
be measured (Fig 2). For the remaining six dental
stones, the amount of linear dimensional change
among the three groups was not significant.

Detail Reproduction

In this test, the stone specimens for groups 1 and 2
made from Reprosil impressions reproduced the 11-
and 19-pm-wide lines (Table 2). Gypsum casts pro-
duced for the Die-Keen and Prima-Rock controls
(group 3), however, were able to reproduce detail as
fine as the 7-um-wide line. When Asepto-Sol was
used as the gypsum gauging liquid (group 1) or
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sprayed on the PVS impressions, fine detail repro-
duction was limited to the 11-pm-wide line.

When poured against the Jeltrate Plus irreversible
hydrocolloid impressions, only Die-Keen and Prima-
Rock replicated the 19-um-wide line (group 1). All the
other materials reproduced the 28-pm-wide line
(Table 2). However, none of the observed differences
were statistically significant. As mentioned previ-
ously, the New Fujirock specimens derived from
Jeltrate Plus lacked the required surface quality to per-
form the detail reproduction test (Table 2).

Knoop Hardness

Changes in the Knoop hardness number (KHN) of four
dental stones produced from Reprosil were statisti-
cally different (P < .01), but the actual outcomes
varied (Fig 3). For New Fujirock, the mean KHN in-
creased significantly for both test groups (compared
to the controls) but decreased significantly for
Orthodontic Stone and Microstone. With Resin-Rock,
the mean KHN for group 2 specimens was signifi-
cantly higher than that of groups 1 and 3.

When Jeltrate Plus was used as the impression ma-
terial, only the Instone, Resin-Rock, and Microstone
specimens demonstrated any significant change in
surface hardness (P < .05; Fig 3). For Instone, the two
test groups had significantly lower mean KHN values
compared to the controls. The surface hardness of
Resin-Rock declined significantly for group 1 but not
group 2. With Microstone, the results were mixed,
with an insignificant decline for group 2 but a sig-
nificant increase in surface hardness for group 1 spec-
imens (Fig 3). In fact, when Asepto-Sol served as the
gauging liquid for Microstone (group 1), the mean

KHN value rose to a level comparable to the type IV
die stones. Die-Keen and Prima-Rock specimens
were least affected by Asepto-Sol, and the KHN val-
ues for the two test groups were not significantly dif-
ferent from their controls.

Transverse Strength

The mean transverse strength of the stone specimens
made from the PVS impressions was not statistically
significant, except for the pairing of Die-Keen and
Reprosil (Fig 4). The changes for all the other dental
stones were small and not statistically significant.
Specimens made from irreversible hydrocolloid im-
pressions had mean transverse strength values that
were not statistically different from one another for all
seven dental stones (P > .05).

Discussion

The dental profession continues to search for improved
methods to protect personnel and patients from pos-
sible microbial cross-contamination. To date, no sin-
gle approach exists to accomplish this objective. It is
recognized that microorganisms can be transferred to
a gypsum cast from a contaminated dental impression.?
Efforts to minimize the amount of microbial contami-
nation vary widely. With one method, a chemical dis-
infectant is added to the powder of an irreversible hy-
drocolloid impression material, resulting in an
antimicrobial irreversible hydrocolloid (Jeltrate Plus
Antimicrobial Dustless Alginate, Dentsply/Caulk).?*
In another approach, a dry chemical disinfectant is in-
corporated into the gypsum powders.??23 Yet the most
widely used disinfection protocols involve either spray
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or immersion disinfection of dental impressions and
casts using different chemical disinfectants.'4

Casts made from Jeltrate Plus impressions under-
went more linear dimensional change than those
generated from Reprosil. However, the Orthodontic
Stone group 1 and 2 specimens made from Reprosil
were the only groups statistically different from their
controls. No explanation was found for why New
Fujirock—Reprosil casts shrank, although the amount
of shrinkage was not significantly different from the
New Fujirock controls. It was also apparent that New
Fujirock and Jeltrate Plus were not compatible ma-
terials, and no specimens could be produced for this
test. None of the remaining six dental stones under-
went expansion or contraction that resulted in statis-
tically significant linear dimensional change.

Subtle differences in detail reproduction were
noted among the different dental stones and impres-
sion materials. Yet all the products met or exceeded
the standard for detail reproduction specified in
ANSI/ADA specifications No. 19 (the 20-pm-wide
line) and No. 18 (the 50-pm-wide line). Gypsum
specimens reproduced the 7- and 11-pm-wide lines
with Reprosil impressions and the 19- and 28-um-
wide lines with Jeltrate Plus impressions, with the ex-
ception of New Fujirock and Jeltrate Plus. Die-Keen
and Prima-Rock captured detail as fine as the 7-um-
wide line in their control specimens when poured
against Reprosil, and lost little detail reproduction
when exposed to Asepto-Sol. In four groups, the
finest detail reproduction was seen with the control
specimens (Die-Keen, Prima-Rock, Resin Rock, and
Microstone) and the PVS impression material. In con-
trast, New Fujirock and Instone were not affected by
Asepto-Sol and reproduced the 11-pm-wide line for

all three groups. As stated previously, the exact na-
ture of the New Fujirock-Jeltrate Plus incompatibil-
ity was not pursued but noted for the linear dimen-
sional change and the detail reproduction tests.
Acceptable specimens were produced for the Knoop
hardness and transverse strength tests.

No single outcome described Asepto-Sol’s effect
on the surface hardness of gypsums. Changes were
noted, but they were not consistent for all dental
stones or methods of exposure. Knoop hardness
tended to decrease for type Il stones, increase for
type IV stones, and remain unchanged for type V
gypsum products. The surface hardness of dies and
casts made from Reprosil and Jeltrate Plus impres-
sions, however, may not be adversely affected by
Asepto-Sol. The changes in hardness differed de-
pending on which impression material was used for
many of the gypsum-impression material pairings.
The effects Asepto-Sol has on the Knoop hardness of
a gypsum cast may not only be influenced by the
method of delivery (groups 1 or 2), but by the type
and brand of impression material used. Overall, any
potential antimicrobial benefit derived from Asepto-
Sol may outweigh minor changes in surface hard-
ness.

Only Die-Keen casts derived from Reprosil impres-
sions had a significant decrease in transverse strength,
and only when sprayed with Asepto-Sol solution (group
2). This one negative outcome may be unique to the
Die-Keen and Reprosil pairing because the transverse
strength of Die-Keen and Jeltrate Plus specimens ac-
tually increased. Remarkably, in all the other pairings,
none of the changes in transverse strength were statis-
tically significant, suggesting that Asepto-Sol could be
used with any of the products tested.
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Adding resin to the gypsum powder may have
other benefits, but improved surface hardness and
transverse strength were not among them in this in-
vestigation. Specimens produced from the resin-gyp-
sum type IV die stones did not have the highest trans-
verse strength values.

Despite the introduction of disinfecting irreversible
hydrocolloid impression materials and dental stones,
clinicians and dental laboratory personnel may be re-
luctant to switch to new products or alter their tech-
niques. The question that remains is whether a chem-
ical disinfectant can be added to existing gypsum
products without adversely affecting their physical
properties. Our findings indicated that Asepto-Sol did
not appreciably alter the physical properties tested to
preclude its use with the dental stones tested. This out-
come was consistent with other published reports.”21:26

Conclusions

Based on the results of this study, two conclusions can
be made:

1. Overall, type Ill, IV, and V dental stones did not
appear to be affected by the Asepto-Sol solution.
There were no adverse effects in linear dimen-
sional change, detail reproduction, Knoop hard-
ness, or transverse strength of the dental stones
tested with either of the two impression materials.
The chemical disinfectant may be mixed with
gypsum powder or sprayed on dental impres-
sions without adversely affecting the physical
properties of the resulting gypsum casts.

2. The changes in physical properties associated
with Asepto-Sol were not always the same be-
tween the PVS and irreversible hydrocolloid im-
pression materials for each dental stone. Thus, the
brand and type of impression material used may
also influence the direction and extent of any
changes, if changes do occur.
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