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A b s t r ac t
Aim: To find a suitable disinfectant additive with effective antimicrobial activity and physical properties to dental gypsum product.
Methods and materials: Design and settings of the study involved three compounds; Silver nitrate (0.3%, 0.5%, 1%); Copper Sulfate (0.5%
and 1%), and Potassium Permanganate (0.5% and 1%). Antimicrobial properties, setting time, compressive strength (1 hour and 24 hours) and
reproduction of surface details were evaluated. Standard strains of Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Candida
albicans were used in the study. Dental stone was mixed with test compounds and plain water (control) were sampled in punch well on agar
plates which were incubated at 37°C for 24 hours. Mean of Minimum Inhibitory Zone (MIZ) in mm, was measured at 24 hours.The setting time
was measured by standard indentation, Compressive strength using Universal testing machine and reproduction of surface details as per ADA
guidelines. Statistical analysis of the data was done using one-way ANOVA with Tukey’s post hoc test using Graph pad Prism Version 5. p-value
of < 0.05 was considered as statistically significant.
Results: Silver nitrate showed excellent antimicrobial activity against all the microorganisms. The setting time with 0.5% Silver nitrate was
between 30 and 34 minutes, the compressive strength was found to be greater than the control and the surface details were acceptable. Thus,
0.5% silver nitrate was reported as an alternative disinfectant for gypsum products.
Conclusion: An amount of 0.5% silver nitrate could be safely suggested as suitable disinfectant additive for gypsum product.
Clinical significance: The antimicrobial property imparted to the stone reduces the risk of cross-infection among dental personnel, patients
and lab personnel from bacterial, viral, and fungal microorganisms that remain even viable after cleansing and disinfecting the impressions.
Keywords: Antimicrobial activity, Copper sulfate, Dental stone, Disinfectants, Inhibitory zone, Potassium permanganate, Silver nitrate.
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Introduction
Cross-infections and their control is a major issue in medical,
dental, and nursing setups. A wide spectrum of diseases could
be transmitted from materials of daily use. One such product
is Gypsum. American Dental Association (ADA), along with
Centre for Disease Control in 2003 republished changed rules
for epidemic control in dental health care settings (Control and
Prevention 2003).1 National Association of Dental Laboratories
has established Dental Laboratory Infection Control Council
to have comprehensive training in infection control in the
member dental laboratories. 2 However, such obligations are not
organized strictly and no such learning programs are conducted
in developing countries. The British Dental Association (BDA)
states that “infection control is the main focus of dental practice”
and the BDA fully maintains its delegates in gaining superiority
in this sector (2003). 3 The state of cross infection is therefore, a
prime issue to be taken up at all the stages of control. In dentistry,
the intensity of plaster and stone usage is far more than any
other dental material.4 The gypsum products also legitimize an
apparent infection as a vector. According to a study involving
60 dental colleges in India, 75.9% of the respondents said that they
disinfect dental impression under running water, while 24.1% of
the respondents revealed that they adopt chemical disinfection
methods. 5 However, till date there is no globally accepted
disinfection protocol for the safe disinfection of dental impressions
and casts. 2,6 The microorganisms harboring on the impressions
may remain adherent to the position even after disinfection for
the scheduled time by the manufacturer.6 Several metallic salts are
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recognized to be effective antimicrobial agents and ingrained in
dental and preventive operations.7-9 However, they have not been
combined into gypsum products. Laboratory personnel cannot
consistently accept personnel protective appliances such as gloves,
specifically being on the lathe machines; therefore, infections can
be transmitted through skin abrasions or lacerations of empty
parts. Several serological investigations have demonstrated that
dental health care personnel have a slightly larger incidence of
HBV disease than the general community.10,11 An impression,
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Nano Silver-based Dental Stone
if not sterilized, can cross-infect the full laboratory sector by back
and forth propagation between laboratory and clinical area. An
alternative or additional approach to cast/impression disinfection
is to decontaminate the cast produced from the impression by
consolidating a sterilizing chemical into the gypsum.12 Hence, in
the proposed investigation, an experiment has been designed and
performed to use metallic salts as an antimicrobial agent in dental
stone and to determine their efficacy in preventing infection and
their inertness toward physical properties of dental stone products.

Methods

and

M at e r ia l s

The materials used in the study includes the Dental Stone
(Denstone, Pankaj Enterprises, Bhopal, MP, India), silver nitrate,
potassium permanganate, copper sulfate (analytical grade Ranbaxy
6CAV0120, Punjab, India) SDA (Sabouraud dextrose agar), and
Mueller Hinton Agar were purchased from Hi-media, Mumbai,
India. Chlorhexidine and sterile water was procured from Pharmacy
Dispensing wing, Kasturba Hospital, Manipal, India.
A pilot investigation with 12 disinfectant additives viz. ethyl
alcohol (70%), iodine (5%, 1%, 0.5%), sodium hypochlorite (1%), copper
sulfate (0.5%, 1%), potassium dichromate (0.5%, 1%), chlorhexidine
(0.2%), thymol(1%) silver nitrate (0.3%, 0.5%, 1%), sodium citrate
(0.5%); potassium hydrogen phthalate (0.5%, 1%), phenolphthalein
(0.5%), and potassium permanganate (0.5%, 1%); in dental stone
was performed to study their influence on setting time. Medical
and dental literature authenticates the use of these additives as
potential disinfectants in several medical and dental conditions.
Several studies have been conducted and many are used as successful
disinfectants.13-23 The criteria for selection of these 12 disinfectants
was to sublimate the materials with best antimicrobial properties
and physical properties. The setting time of these components was
measured as mentioned by ADA specification number 25 employing
the standard indentation process. Antimicrobial agents having least
influence on setting time were selected for further investigation.
Silver nitrate (0.3%, 0.5%, 1%), copper sulfate (0.5% and 1%) and
potassium permanganate (0.5% and 1%) displayed least influence
and hence selected for the further investigation. All handlings
involving microbiological procedures were performed by a controlled
barrier approach for evaluation of antimicrobial activity under
asepsis laboratory techniques, including plating, inoculating etc.
were carried out in a laminar air flow (M.C. Dalal Agencies, Chennai,
India) cabinet hood (Mitchell and Carter 2000). The Standard strains
of Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia
coli, and Candida albicans were adopted throughout the study.
Mueller-Hinton agar medium was used for S.aureus, P.aeruginosa,
E.coli while Sabouraud dextrose broth was used for C. albicans.
Inoculated plates were incubated at 37Â°C for 8 hours after which
microbial suspensions were standardized by dilution of the cultured
organisms with sterile broth to a density visually comparable to
barium sulfate standard- McFarland tube number 5.24 Inoculation of
agar plates with microbial species by agar punch well method was
done by the using diluted 0.5 mL solution of microbial species which
was dispensed onto each sterile Mueller-Hinton and Sabouraud’s
dextrose agar plates and a lawn culture was established. After the
inoculums dried, 6 mm diameter well was punched to an intensity
of 5 mm utilizing a sterile punch cork borer.24 Specimens of dental
stone with disinfectant were prepared by mixing 100 gm of dental
stone with measured volume of water stone. Required amount of
antimicrobial agent was either weighed or measured volumetrically
and added to mixing water. Mixing water containing disinfectant

solution was taken into a clean vacuum mixing bowl and preweighed
amount of dental stone was slowly added by shifting method. After
the addition of dental stone powder, mixing was carried out with
plaster spatula for 10 seconds to ensure complete wetting of the
powder and mixing liquid. After this, the mixing bowl was attached
to vacuum and mechanical mixing was carried out for 30 seconds.
At the end of the mixing a uniform creamy mix was obtained and
the same was used as specimen preparation. Dental stone mixed
with plain water was used as control. Antimicrobial activity of dental
stone was assessed by blending with either pure water (control) or
disinfectant solution was directly placed into the punch wells in the
agar plates. Plates were again incubated at 37°C in an incubator for
24 hours. Mean inhibitory zone (MIZ) in mm, for each analysis punch
together was assessed after 24 hours (n = 6).
Evaluation of physical properties was done byconducting
three different tests viz.: Measurement of setting time; compressive
strength, and reproduction of surface details. Setting time
measurements were performed by using the standard indentation
approach. An amount of 50 gm of dental stone was incorporated
with 15 mL of antimicrobial solution or plain water as demonstrated
formerly and was transferred on to a clean glass plate. The surface
of the blend was smoothened using plaster spatula. Initial and final
setting times were tested by smaller and bigger Gillmore needles.
Gillmore needle (smaller/ bigger) was gently lowered onto the surface
of the dental stone mixture and passed to indent the surface. When
Small needle failed to indent it was considered as initial setting time,
while, the final setting time was recorded when bigger needle failed
to indent (n = 3). The evaluation of compressive strength of prepared
samples was compliant with ADA specification number 25. A Split
metal mould measuring 20 mm in diameter and 40 mm in height
was greased with vaseline and arrayed on a glass plate. The dental
stone mix was slowly poured into the mould under vibration until
the mold was overfilled. Overfilled mold was covered with another
glass slab and the material was allowed to set for 45 minutes. After
the specimens were retrieved, they were stored at room temperature
until further testing. Compressive strength of test specimens was
measured at 1-hour (wet strength) and 24-hour (dry strength) after
preparation. The cylindrical specimens of dental stone were placed
in the lower plate of universal testing machine (Instron, 3366, UK).
Further, the specimens were stressed at a loading rate of 0.5 mm/min
until fracture. Maximum load during the testing was noted and
divided by the area of the specimen to obtain the strength (n = 6).
For the Reproduction of surface details, the tests were conducted, as
recommended by the ADA specification no. 1925 and in accordance
with the International Standard ISO 4823,26 a standardized stainless
steel die was used for impression making. The metal dye had three
horizontal lines intersected by two vertical lines. Before recording
each impression, the die was wiped with ethanol and allowed to dry
at room temperature. Initially an alginate impression of a preformed
metal die containing thin lines of 25 micron width was obtained.
A mix of dental stone with either water or disinfectant solution
was then poured into the impression under vibration. Poured
impressions were allowed to set for 45 minutes. After setting, the
stone cast was restored and noted for reproduction of surface details
by visual correlation by a margin of three observers and scoring of the
analyze reproduction was transferred out as supports. After setting,
the stone cast was restored and followed for reproduction of surface
details by visual comparison by a minimum of three observers and
scoring was done as given below.
•

Value 1 indicated–Sharp detail with continuous lines.
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•
•
•

Value 2 indicated–Extended lines but with some loss of
sharpness.
Value 3 indicated–Deterioration of line details.
Value 4 indicated–Rough appearance with loss of continuity
of the line.

The statistical analyses of data were done by one-way ANOVA with
Tukey’s post hoc test using Graph pad Prism Version 5.0 p-value of
< 0.05 or less was considered to be statistically significant.

R e s u lts
Antimicrobial Activity against various microorganisms (Fig. 1) and
Table 1.
Antimicrobial activity of silver nitrate, copper sulfate, and
potassium permanganate against Chlorhexidine as standard
was measured in MIZ. Silver nitrate at 1% and 0.5%, showed
MIZ of 10 to 12 mm against all the organisms tested; S. aureus, E.
coli, P.aureginosa, and C.albicans. Other additives were found
effective against S.aureus alone. The results of initial and final
setting time dental stone of control was found to be 15.27 minutes
and 20.26 minutes, respectively. The initial setting time with 1%
CuSO 4 was least with 3.49 minutes while 0.5% AgNO3 showed
better setting with 14.44 minutes, close to control. The final
setting time on the other hand was least with 1% CuSO 4 with
11.45 minutes, and maximum when incorporated with 1% AgNO3
(42.37 minutes). Table 1 shows detail results values of the
compressive strength of dental stone with disinfectant additives
was found to be significantly different from the control specimens.
One hour strength was considered as wet strength and 24 hourr
strength was considered as dry strength. The control had wet
strength of (4.39 ± 0.101) MPa, and dry strength (5.432 ± 0.52)
MPa. CuSO4 at 0.5% had highest wet strength of (14.08 ± 1.670)
and the wet strength 1% CuSO 4was least (5.018 ± 0.6070) MPa
among the group. Compared to control the dry strength was
maximum with 1% AgNO3 and least with 1% KmNO4. Table 2 shows
the details of results the compressive strength of dental stone in
(MPa). The surface detail reproduction of the dental stone was
not significantly decreased for most disinfectant materials. Except
for 0.5% silver nitrate, all of the disinfectant mixed dental stones
have scored 2 or less indicating better reproduction of surface
details and 1% potassium permanganate showed best surface

Fig. 1: Reproduction of surface details on dental stone incorporated
with various additives
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detail reproduction. Inappropriate disinfection of the impressions
may possibly result in contamination of dental casts making them
potential source of cross contamination between the dental clinic
and laboratory personnel. Hence, it is important to have a barrier
system in place to prevent transfer of diseases. 26,27 Therefore, the
present study was designed to gauge the effect of a disinfectant
additive on microbial deposits and physical properties of the dental
stone. In the present study, metallic salts are used as disinfectant
additives which exhibit certain amount of germicidal actions in a
concentration dependent manner.7-9 Salts of silver and copper are
widely used in Dentistry and Medicine as antimicrobial agents, their
mechanism of action is attributed to their ability to act as protein
coagulants and the capacity to combine with free sulfhydryl groups
of all enzymes.28 Therefore, it was considered worthwhile to use
these salts in the dental stone. Potassium permanganate a strong
oxidizing agent, has been used in oropharyngeal cleansing and in
nosocomial pneumonia in critically ill patients. Hence it was used
as a disinfectant additive in our study. Four commonly residing oral
organisms namely S. aureus, E. coli, P. aureginosa, and C.albicans
were selected for the study. Silver nitrate, copper sulfate, and
potassium permanganate at two concentrations of each (0.5, 1%)
were selected as disinfectant additive after a pilot study. The salts
true to their properties showed excellent antimicrobial activity
against all the microorganisms studied. Silver nitrate exhibited
significant antimicrobial properties (p < 0.001 in all organisms
except E. coli). The MIZ of silver nitrate against E coli. was lesser
(p < 0.05) than gram positive bacteria, suggesting requirement
of higher concentration of silver nitrate to contain gram negative
organism. Gram-positive bacteria have more peptidoglycan which
is negatively charged, than gram-negative bacteria. Silver ions
being positively charged get easily trapped by peptidoglycan
in gram positive bacteria and therefore a lower concentration
of silver nitrate is more efficient in killing gram positive bacteria
than gram-negative organisms.28 Copper sulfate (0.5% & 1%) and
potassium Permanganate (0.5% and 1%) incorporated Dental stones
did not show antimicrobial activity against any of the organisms
selected except for staphylococcus aureus (p < 0.001),although they
are known antimicrobials. However, their low concentrations barred
their activity. The activity of Chlorhexidine, the standard selected
for comparison was found to be pH dependent and that was
greatly reduced in the presence of organic matter. However, it was
found that the uptake of chlorhexidine by E. coli and S. aureus was
very rapid and concentration and pH depended.29 (p < 0.001).The
results of setting time of additives obtained in the study are similar
to the previous studies in which the setting time was prolonged
due to increase in the concentration of water substitutes. 30 Silver
nitrate (0.5 and 1%) and potassium permanganate (1%) showed
similar setting time as control while copper sulfate (0.5% and 1%)
and potassium permanganate (0.5%) showed a decrease in initial
setting time (p < 0.05 when compared to control) of dental stone.
Reduction in the initial setting time with copper sulfate could be
due to the common ion effect which results in rapid reaction of
hemihydrate and altered solubility of hemihydrate and dihydrate,
reducing the initial setting time. Furthermore, formation of
potassium sulfate accelerates setting of dental stone thus reduces
initial and final setting time. 31,32 Although 0.2% CHX showed
reduced initial setting time than the control, the results were
within the specification limits of ISO 687333 Silver nitrate, on the
contrary, showed a significant increase in the final setting time of
dental stone at both the concentrations (p < 0.01 against control)
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Table 1: Antimicrobial activity of various additives in dental stone
Variable

Control

0.2% CHX

1% AgNO3

0.5% AgNO3

0.3% AgNO3

0.5% CuSO4

1% CuSO4

0.5% KMnO4

1% KMnO4

S.aureus

NS

C.albicans

NS

12.00 ±
0.2582a
12.00 ±
0.2582
12.00 ±
0.2582

11.00 ±
0.3651a
12.00 ±
0.3651
10.00 ±
0.2582

11.50 ±
0.3416 a
NS

11.00 ±
0.2582 a
NS

10.00 ±
0.2582 a
NS

NS

12.00 ±
0.2582a
10.00 ±
0.2582
10.00 ±
0.3651

11.00 ±
0.3651a
NS

P.auregenosa

9.94 ±
0.0966
6.82 ±
0.1161
5.66 ±
0.0962

NS

NS

NS

NS

E coli

NS

5.64 ±
0.0021

10.00 ±
0.3651

NS

NS

NS

NS

9.00 ± 0.3651 8.00 ± 0.2582

Results are expressed as Mean ± S; n = 6
a = p < 0.001 V/s control, b = p < 0.001 V/s CHX;
c = p < 0.005 V/s CHX
Table 2: Initial and final setting time (in minutes) of disinfectants additives in dental stone
Variables

Control

0.2% CHX

1% AgNO3

0.5% AgNO3

0.3% AgNO3

1% CuSO4

0.5% CuSO4

1% KMnO4

0.5% KMnO4

Initial setting time

15.27 ±
0.1202

11.12 ±
0.0624

14.08 ±
0.2646a,d

14.44 ±
0.0305b,e

14.62 ±
0.2048f

3.487 ±
0.0606c

6.330 ±
0.0404c

15.28 ±
0.1244

8.523 ±
0.3251

Final setting time

20.26 ±
0.1212

16.20 ±
0.0577c

42.37 ±
0.0472d

36.22 ±
0.0907d

24.54 ±
0.2524d

11.45 ±
0.0781a

29.30 ±
0.6061a

20.57 ±
0.2347

14.98 ±
0.4168 b

Results are expressed as Mean ± SE; n = 6
a = (p < 0.001 V/s ctrl); b = (p < 0.005 V/s ctrl); c = (p < 0.01 v/s ctrl);
d = (p < 0.001 V/s CHX); e = (p < 0.005) v/s CHX)

Table 3: Compressive strength (in mpa) of disinfectant additives in dental stone after 1 hour and 24 hours
Variables
1 h compres- sive
strength

Control
4.390 ±
0.5051

0.2% CHX
12.72 ±
0.8952a

24 h compres- sive
strength

5.432 ±
0.52

14.44 ±
0.70a

1% AgNO3 0.5% AgNO3
7.870 ±
10.81 ±
0.7382
1.834b
9.624 ±
1.622

8.782 ±
1.042

0.3% AgNO3
8.222 ±
1.128

1% CuSO4
5.018 ±
0.6070

0.5% CuSO4
14.08 ± 1
.670c,d

9.580 ±
2.210

8.630 ±
1.315

7.274 ±
0.4472

1% KMnO4 0.5% KMnO4
7.718 ± 6.462 ± 0.7384
0.9880
7.046 ±
1.376

9.680 ± 0.7059

Results are expressed as Mean ± SE: n = 6
a= p < 0.001 vs control, b = p < 0.005 V/s CTRL; b= **V/s ctrl
c=***V/s ctrl; d=***V/s CHX

due to reaction with the calcium sulfate which produces calcium
nitrate. This reaction prolongs the final setting time of dental stone.

2AgNO3 + CaSO4

Ag2SO4+ Ca (NO3)2

Further, presence of Ag+ ions at nucleating sites may reduce
crystal growth and intermeshing of the crystals resulting in longer
final setting time. Due to this, formation of dihydrates could
be reduced as the presence of silver ions prevents the crystal
growth and intermeshing, thereby increasing the final setting
time. However, the initial setting time was almost same as water
without additives. This phenomenon needs to be probed further.
Potassium permanganate at 1% concentration showed a similar
behavior as that of silver nitrate. The behavior of potassium ions
at higher concentrations may mimic the behavior of Silver ions.
The implications of compressive strength with additives or water
substitute in the present study are in agreement with previous
studies. The wet strength of dental stone mixed with chlorhexidine
solution was found to be superior to the control specimens with, no
significant increase in dry strength. This could be attributed to the
rapid setting of the dental stone resulting in more entanglement
and intermeshing of crystals during the first hour.19 Similar
increase in compressive strength was observed with silver nitrate,
copper sulfate and potassium permanganate (p < 0.05 against
water) at lower concentrations which is attributed to the rapid
crystallization of dental stone.15,19 However increased concentration

of disinfectant additives was found to reduce the strength of dental
stone. The same effect was seen in previous studies which explains
that the presence of additives between the gypsum crystals
prevents entanglement and intermeshing of growing gypsum
crystals.15,19 resulting in weaker gypsum matrix leading to fracture
under low stresses.15,22 The outcomes of Reproduction of surface
details in the dental stone mixed with chlorhexidine, silver nitrate,
copper sulfate, and potassium permanganate were found to be
comparable and reproducible. This property depends on the ability
of dental stone to wet the surface of the impression and also on the
fluidity of the mix. When the dental stone mix is of low viscosity, it
flows into the details of the impression and reproduces the details. A
slow setting material helps in better reproduction of details. Results
of the present study are in support of the previous investigations
which showed that dental stone surfaces mixed with disinfectant
were slightly coarser than normal stone surfaces. 3,34 Even though
it was observed that the setting time was getting reduced by the
addition of additives, studies have shown that incorporation of
disinfecting solutions do not interfere with the detail reproduction
capacity of dental gypsum35 (Table 3).

C o n c lu s i o n
In our study Silver nitrate at all the three percentages (0.3%, 0.5%,
and 1%) showed excellent antimicrobial activity against all the
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four microorganisms compared to the other test samples. The final
setting time with 0.5% silver nitrate was between 30 and 34 minutes
which is practically acceptable, the compressive strength of 0.5%
silver nitrate was greater than the control but slightly less than
the standard, and the surface details of silver nitrate at all the
percentages are acceptable. Thus, considering all the above results,
it can be concluded that 0.5% silver nitrate could be a better
alternative disinfectant for gypsum product.

Clinical Significance
The study infers that silver nitrate could act as a potent antimicrobial
additive in dental stone to minimize the cross infection among
patients and dental healthcare personnel (DHCP) in dental settings.
Hence, proficient knowledge, right attitude, and prompt practice
toward infection control is very essential in the current times of surging
microbial infections and antimicrobial resistance. Antimicrobial dental
stone ensures infection control following the routine disinfection
of impressions. This provides a safer working environment for
dentists,dental health care personnel and the patients.

Limitations and Further Scope
Aim of the present study was to study the effect of various
disinfectant additives on the properties of dental stone. Among the
additives studied, silver nitrate has shown superior antimicrobial
properties. However, other forms of silver such as colloidal silver
and silver nano particles may be incorporated into the dental
stone and their antimicrobial properties may be evaluated. Present
study evaluated the antimicrobial activity against the commonly
occurring microbial organisms.
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