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ABSTRACT

Background: Dental casts come into direct contact with impression materials and other items that are contaminated
by saliva and blood from a patient's mouth, leaving the casts susceptible to cross-contamination. The disinfectant
solutions of the impression materials cause various adverse reactions. Therefore, disinfection of dental casts may be
effective in preventing cross infection. This study was carried out to evaluate the surface hardness, dimensional
accuracy, reproduction of details and surface porosity of type lll, type IV and type IV extra hard dental stone after
immersion in and spray by using SOLO and Sodium hypochlorite disinfectant solutions.

Materials and methods: 240 Stone samples were prepared in rubber rings, A total of 60 test block were prepared for
each test (surface hardness, dimensional accuracy, reproduction of details and surface porosity).the samples were
divided into three groups (20 for each type of stone) type (lll, IV, IV extra hard); SOLO and Sodium hypochlorite
disinfectant by 2 methods (immersion and spray) were used in each test.

Results: the results of dimensional accuracy, reproduction of details, surface hardness and surface porosity revealed
no significant difference for all types of tested stone samples after immersion or spraying in SOLO and NaOCI except
the surface hardness of type IV extra hard showed significant difference after spray with SOLO and the surface
porosity of type IV extra hard showed significant difference after immersed in both SOLO and NaOCI solutions.
Conclusions: Based on the results of this study immersion in and spray by using SOLO and NaOCI disinfectant solutions
produced no adverse effect on dimensional accuracy, reproduction of details, surfface hardness and surface
porosity for type ll, type IV dental stone and for type IV extra hard dental stone except for the surface hardness for
type IV extra hard when sprayed with SOLO and the surface porosity when type IV extra hard stone immersed in the
SOLO and NaOCI solutions.
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INTRODUCTION

Dentistry is predominantly a field of surgery,
involving exposure to blood and other potentially
infectious materials therefore requires a high
standard of infection control and safety practice in
controlling  cross-contamination. The cross
contamination with stone casts is especialy
present in Prosthodontics because of multiple
opportunities for the transfer of infectious agents
to the casts through impressions, record bases,
occlusion rims, and trial dentures ™ ®.

In 1996, the ADA aong with the National
Association of Dental Laboratories of the United
States (NADL) formulated (Infection Control
Recommendations for the Dental Office and
Dental Laboratory), which for the first time
included recommendations for the commercia
laboratory as well as the dental office ®” .The
disinfection of the impression is difficult and
associated with several problems, so the
disinfection of casts became an important
procedure for obtaining uncontaminated models
thus establishing a cross-contamination control
procedure @9 1t is important that disinfectant
solutions should not only be effective as
antimicrobial agents, but also should not de%rade
the physical properties of the gypsum casts ™.

(2) Lecturer, Department of Prosthodontics, Collage of Dentistry,
Baghdad University.
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American Dental Association (ADA) and the
Centers for Disease Control and Prevention have
suggested methods for the disinfection of dental
casts, including immersion in or spraying with a
disinfectant. Other methods for disinfection of the
casts include incorporating chemicals into
gypsum at the time of mixin%g5 or using die stone
containing a disinfectant ¢ 2.

Disinfection by soaking in chemical materials
has been shown to cover al surfaces in one time,
while spraying is not capable of disinfecting al
surfaces effectively and aso cannot cover dal
undercuts. Contrary to immersing, sprayin%j can
significantly reduce the amount of distortion “®*7.

Sodium hypochlorite is one of the original and
most widely used disinfectants ** ®. The
literature shows that it is effective against a broad
spectrum of micro-organisms including Human
Immunodeficiency Virus, viruses fungi, bacteria
species and their spores ®*%). |vanovski et a in
1995 found that alteration in the physica
properties of the casts resulted when the sodium
hypochlorite disinfectants was incorporated into
dental stone ™. While Breauilt et a reported that
the addition of a solution of sodium hypochlorite
actually increases the compressive strength of
gypsum and decreases the setting time, but leaves
other physical properties unchanged “”. On the
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other hand Kumar et a in 2012 ™ found that
repeated immersion of type Il denta stone
specimens in slurry of distilled water with sodium
hypochlorite and glutaraldehyde, along with
drying in air, caused a significant increase in
linear dimension and a significant decrease in
hardness.

Sarma and Neiman reported that sodium
hypochlorite produced the least undesirable
effects with regard to surface erosion, surface
hardness, compressive strength, and chemical
reactivity when com!oared with gluteraldehyde,
phenol and iodophor. %

Some studies showed that the casts should be
sprayed rather than immersed in disinfecting
solutions like Berko in 2001 who found that
spraying with madacide could be used to disinfect
dental cast with least effect when compared with
the other methods(immersion and
incorporation).®® While other studies like Tarik
& Al-Ameer found that the Immersion method had
more inhibitory effect to the microorganism
followed by incorporation method and the least
inhibitory effect was for spray method.®”

Michad et a 2010 studied the change in the
compressive strength and surface roughness of
type IV dental stone casts after severa times of
immersion or spraying with sodium hypochlorite
disinfectant solution. The results showed that both
spraying and immersion significantly decreased
the compressive strength after 24 hours and
increased the value of the roughness, with
immersion as a higher value ®Y Also, Lucas et a
found that reproduction of details, dimensional
stability, and setting time of the type IV die stone
specimens were significantly altered when sodium
hypochlorite was added to the stone. ® While
Abdullah in 2006 demonstrated that repeated
immersion of stonein slurry with water and slurry
with sodium hypochlorite caused some degree of
damage to surface details, increase in linear
dimension and decrease in wet compressive
strength. ¥

In 2012 Abass et a reported that SOLO
disinfectant solution produced no adverse effect
on the color stability, surface hardness, and
surface roughness of the hot cure, cold cure, and
soft acrylic denture lining materials ©¥. The
purpose of this study was to investigate the
change in the surface hardness, dimensional
accuracy, reproduction of details and surface
porosity of type (ll1, 1V, 1V extra hard) of dental
stone after immersion or spraying with sodium
hypochlorite and solo disinfectant solution.

The hypothesis was that the immersion or
spraying in NaOCl and SOLO solution
disinfection procedure could influences the
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dimensiona stability, reproduction of details,
surface porosity, and surface hardness of type (I,
IV,IV extrahard) of dental stone.

MATERIALSAND METHODS
Disinfectant solutions used in this study were:
1-SOLO Disinfectant solution (SOLO, Ebiox
Ltd., Healthcare Enterprise House, UK.) diluted to
2% according to the manufacturer’s instructions
and duration of immersion was 5 min.

2- Sodium Hypochlorite solution (Fas (6% w/v),
Baghdad, Irag), the Sodium hypochlorite solution
was diluted to 0.6 % by using the household
bleach of hypochlorite solution and diluted with
water at aratio of 1 part of bleach: to 10 parts of
water to make 1:10 ratio and the samples were
immersed in this solution for 10 minutes
according to the ADA recommendation for
disinfection.

Spray procedure was done by spraying the stone
specimens with the disinfectant solution until
saturation of the surface of the specimens was
apparent, that is the liquid spray no longer
penetrated the stone whereby the liquid residue
was evident on the stone surface. While the
Disinfection by immersion was done by using a
suitable sized container filled with fresh
disinfectant solutions that cover the stone samples
completely.

Preparation of the dental stone specimens:
Three Types of dental stone were subjected to
SOLO & sodium  hypochlorite  (Naocl)
disinfectant solution by two different ways (spray
& immersion).the stone selected was:
1. Type Ill dentd stone (eite
ZHERMACK, Italy),
2. Type IV denta die stone (elite stone,
ZHERMACK, Italy)
3. TypelV extrahard dental die stone (elite rock,
ZHERMACK, Italy)
An Electronic balance and a measuring cylinder
were used for measuring the stone and water
according to the manufacturer’s instructions, after
hand mixing the mixture was poured in rubber
ring with dimensions of 20mm height and 30mm
diameter which was used for making the stone
samples. Constant manua vibration was used
during the pouring process of the mixed dental
stone to draw out air bubbles from the mixture
and reduce porosity. Glass slabs were placed on
the upper and lower borders of the rubber ring, to
obtain samples with flat and paralel surfaces.
All stone specimens were removed gently from
the rubber ring after one hour of mixing and left
for 24 hour at an average room temperature of
21°C and average relative humidity of 40 %

model,
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before measurement and during the duration of
the testing period.

A total of 240 samples were prepared; 60
samples for each tested group (Dimensiond
accuracy, Reproduction of details, Surface
porosity and microhardness), for each test the
samples were divided to twelve groups according
to the types of the investigated stone and the types
of the disinfectant and the method of disinfectant
procedure as shown in table 1. As listed below:-

figl

Group 1: type Il dental stone, immersed in SOLO
disinfectant

Group 2: type |1l dental stone, sprayed by SOLO
disinfectant

Group 3: type Il dental stone, immersed in NaCl
disinfectant

Group 4: type Ill dental stone, sprayed by NaCl
disinfectant

Group 5: type IV dental stone, immersed in
SOL O disinfectant

Group 6: type IV dental stone, sprayed by SOLO
disinfectant

Group 7: type IV denta stone, immersed in NaCl
disinfectant

Group 8: type IV dental stone, sprayed by NaCl
disinfectant

Group 9: type IV extra hard denta stone,
immersed in SOL O disinfectant

Group 10: type IV extra hard dental stone,
sprayed by SOL O disinfectant

Group 11: type IV extra hard dental stone,
immersed in NaCl disinfectant

Group 12: type IV extra hard dental stone,

sprayed by NaCl disinfectant

Surface hardness evaluation:

The surface hardness was evaluated for each
12 test groups at 2 time intervals the first was
before the disinfection procedure and the second
was after one hour of disinfection. after setting of
the stone about 1 h after mixing and pouring of
the stone mixture in the ring the first indentation
was performed for al groups then disinfection
was commenced for all the samples, according to
the disinfection regime for each group after the
disinfection procedure we wait 1 h then al
specimens were tested in Brinell Hardness Tester,
with a tungsten carbide sphere of (4mm) in
diameter and 40 Kg load that was maintained for
30 seconds on the surface of the samples The
surface hardness was performed by the Brinell
hardness test because some researchers found in
their study that the Brinell hardness test was the
most suitable among other surface hardness tests
for gypsum products ©®. The resulted hardness
value represented by the Brinell Hardness
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Number (BHN) was calculated from the following
formula below; where (L) is the load in
kilograms, (D) diameter of sphere (4 mm), and (d)
diameter of indentation in millimeters..

BHN = L = K9

E(D' [DZ_dZ) mm2
2

Dimensional accuracy evaluation:

A test block certified according to ADA

specification No. 19 ®” was used to make dental
stone samples for evauation of dimensiona
accuracy. The test block was engraved with 3
parale lines, X, Y, and Z and two cross lines of
(cd) and (c'd"), as seenin figure (2).
Before the fabrication of each specimen, the
surface of the test block was cleaned with cotton
gauze soaked in alcohol, rinsed with distilled
water, and dried. The test block was fixed under
the ring (20mm height and 30mm diameter) and
the gypsum product was poured with constant
vibration into the ring and then covered with a
glass dab.

Two measurements were recorded for each
stone sample; the first was before the disinfection
procedure (the first measurements were performed
after 24 h after mixing and poring of the stone)
and the second was after one hour of disinfection.
The samples were scanned with a scanner to
achieve a digital picture from which the
measurement of the distance (cd) - (c'd’) was
obtained with the computer program Corel Draw
X3 version 13.

Reproduction of details evaluation:

According to the ADA specification for detail
reproduction of the dental stone Test block was
used to assess reproduction of details. The test
block had a 60° angle groove with awidth of 0.05
mm and a cross line groove that passed a a
perpendicular angle to the 0.05 mm wide groove.
The stone samples were poured, in the rubber ring
(20mm height and 30mm diameter) while placed
over the test block as previousy mentioned;
Vibration was used during the pouring process of
the mixed dental stone.

The examination for reproduction of details of
the stone samples was randomly conducted by 10
examiners, without magnification, under low
angle illumination. The samples made for each
gypsum product were examined before and after
disinfection.

The ANSI/ADA specification No.25 requires
that gypsum products reproduce a line of 0.05mm
in width. The samples were scored in relation to
scoring system from 1-4. Reproduction of a
0.05mm wide line on the test samples was used as
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criteria for surface detall

system as follows:

Score 1: Well-defined, sharp, and continuous.

Score 2: Continuous and clear for more than half
the length.

Score 3: The continuity and clearness was less
than half the length.

Score 4: The ridge failed to be reproduced along
the length of the sample.

evaluation scoring

Surface porosity evaluation:

A total of 60 samples were made for Surface
porosity evaluation. Each stone sample was
scanned with a scanner twice; before and after one
hour of the disinfection procedures. Then, with
the use of the program Corel Draw X3 version 13,
a circle was drawn to outline the outer border of
the sample. In the center of this circle another
circle was drawn with a diameter of 4 mm.
Surface porosity was assessed by counting the
number of poresinside the smaller circle. Surface
porosity of each stone sample was read twice and
an average of the two attempts was obtained for
each of stone samples. Thus an average was
obtained before disinfection and one after.

Statistical analysis included  descriptive
statistics and paired sample T-test statistical at a
significance level was (S) P< 0.05, (HS) P<0.01,
(NS),P>0.05.

RESULTS

The mean and standard deviation of the surface
hardness for all tested group are listed in table (1).
The results showed no significant difference in
the hardness for al groups except type IV extra
hard dental stone which showed significant
increase in the hardness after disinfection with
SOL O by spraying method table (2).

The mean and standard deviation of the surface
porosity for each tested group were calculated and
listed in table (3). The results showed no
significant difference in mean porosity for all
types of stone of both disinfection methods except
for type IV extra hard when immersed with SOLO
and NaOCI solution table (4).

The mean and standard deviation of the
dimensional stability values for all tested groups
are shown in table (5). The paired samples t-test
showed no significant differences in the
dimension of the test samples for all of the test
groups after sprayed or immersed in SOLO and
NaOCl as present in table (6).

The results of reproduction of details test
revedled that disinfection of denta stone
specimens with NaOCI solution and SOLO both
by spraying and immersion produced insignificant
effect on the reproduction of details value as seen
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in table (7). As showed in the results that all the
test samples had the same score, in which the
percentage were 100% score 1, no samples
registered score (2, 3 or 4).

DISCUSSION

In  Prosthodontics, objects  potentially
contaminated with pathogenic microorganisms are
transported between dental laboratory and dental
clinic. It has been claimed that to avoid cross
contamination, specific disinfection measures
should be followed. The usual solution to this
problem has been to chemically disinfect the casts
and the efficacy of such disinfectants has been the
subject of several studies ™32,

The dental profession continues to search for
improved methods to protect personnel and
patients from possible microbia  cross
contamination. To date, no single 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
contamination vary widely. The most widely used
disinfection protocols involve either spray or
immersion of dental casts in different chemical
disinfectants.

In this study NaOCI disinfectant solution was
used because one of the ADA recommended
disinfectants is chlorine compounds such as (1:10
dilution) of sodium hypochlorite solution. SOLO
disinfectant solution was used because this new
product was found by some studies very effective
ﬁ) disinfectant solution for acrylic and soft liner

The result of surface hardness showed that an
improvement of hardness for most types of denta
stone after treatment with the disinfectant solution
this may be due to the more crystals will be
formed with time as aresult of dehydration of the
stone from the excess water which allow more
calcium sulfate dihydrate crystals to precipitate to
anchor the larger crystals so increase the hardness
of the stone will occur; while the type IV stone
samples showed decrease in surface hardness after
sprayed with SOLO solution this may be due to
reaction between disinfectant and stone. In
general this finding was in agreement with those
of a previous study by Syed Mohammed et a and
Kumer et al. who found the decreased hardnessin
gypsum specimens immersed in disinfectant
solutions may have been a result of a reaction
between disinfectants and stone, the disinfectant
may have reacted with gypsum to produce
decreased hardness. The disinfectant did not
visibly roughen the impression, but a film of
disinfectant could be remained on the material
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even after thorough rinsing with water. This
concentrated residual disinfectant may have
reacted with %;ypsum to produce decreased
hardness. %49 On the other hand the treatment
with the two disinfectant solutions by the two
methods for al tested groups shows no significant
difference in hardness after treatment. This in
agree with the result of Kumer et a who found
repeated disinfection of stone casts in NaOCI and
glutaraldehyde solutions showed no significant
differencein hardness value*?.

The dimensional stability test revealed that
some tested groups showed expansion and other
groups showed shrinking athough both groups
were statistically insignificant after treatment with
the disinfectant (NaOCI solution and SOLO) by
spraying and immersion. In 2004 Hall et a aso
found that some stone samples expanded and
others shrinked. They could not find any
explanation for the results, although the amount of
shrinkage was not significantly different “. none
of dental stones underwent expansion or
contraction that resulted in statistically significant
linear dimensional change. The findings of this
study are in general agreement with previous
studies. In which there was no significant
difference in dimensional change in gypsum
products after immersed or spray with the
disinfectant. (*+134142

the surface porosity of al the test groups was
insignificantly different (table 7) after treatment
with the disinfectant solution (NaOCl and SOLO)
both by spraying and immersion and this could be
due to the fact that the disinfectant solutions and
the methods employed were safe and no
interaction occured between the stone and the
solutions, except the type IV extra hard stone
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Table 1: Mean and Standard Deviation for Surface Hardness of the tested gr oups

Type of Type of the method of Beforetreatment After treatment
thestone | disinfection | disinfection | Mean | Std. Devi. M ean Std. Devi.

SOLO _ Spray 10.79 1.40 11.22 1.93

Typelll immersion 12.05 .28 12.73 1.36
NaoCl _ Spray 1212 a .00 1212 a .00

immersion 11.97 1.10 12.11 1.58

SOLO _ Spray 16.41 1.60 16.35 1.06

TypelV immersion 15.85 1.84 16.62 2.97
NaOCl _ Spray 12.40 .63 12.97 g7

immersion 18.13 1.93 18.75 1.04

spray 23.63 1.87 26.53 1.89

TypelV OLO  Himerson | 2170 | 1.5 2282 3.08
hard NaOCl _ Spray 23.39 2.62 24.07 2.69
immersion 20.94 2.22 21.14 153

Table 2: Paired Sample T-Test Surface Hardness of thetested groups

Typeof | Typeofthe | method of t S
thestone | disinfection | disinfection 9
spray -1.06 .348
Typelll SOLO immersion -1.23 .284
spray . .
NaOCl immersion -.20 .845
spray 10 .922
Tely SOLO 1 mersion | -1.06 | 348
yp NaoCl spray -1.00 374
immersion -1.53 .199
Spray -3.90 .017
Tgster;\/ SOLO immersion -1.16 .307
spray -1.62 179
hard NaOCl immersion -.335 754

a. Thecorrelation and t cannot be computed because the standard error of the differenceisO.

Table 3: Mean and Standard Deviation for Surface porosity of thetested groups

Typeof the | Typeofthe | method of Beforetreatstn:jent After treag?;nt
stone disinfection | disinfection | Mean ; Mean ;
Devi. Devi.
spray 7.20a 1.09 7.20a 1.09
Typell OLO I Hmerson | 780 | 109 | 800 | 141
NaOCl _ Spray 4.80 3.27 5.40 2.60
immersion 7.00 5.38 7.60 5.02
SOLO _ Spray 3.00 212 4.40 2.30
TypelV immersion | 8.80a 3.03 8.80a 3.03
NaoCl _ Spray 5.40 3.28 5.60 2.07
immersion 6.60 4.92 7.60 4.15
SOLO spray 5.40 1.34 8.0 141
TypelV immersion 9.60 3.97 12.20 3.03
extrahard NaOCl spray 7.20 5.06 8.80 4.38
immer sion 4.60 1.94 11.20 2.58

Restorative Dentistry 15
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Table 4: Paired Sample T-Test Surface por osity of the tested groups

Type of the stone | Type of thedisinfection | method of disinfection t Sig.

spray - -
Type SOLO immersion -1.00 | .36
[l spray -1.50 | .20
NaoCl immersion -1.50| .20
SOLO __spray -1.60 | .18

Type iImmersion - -
v spray -20 | .84
NaoCl immersion -1.58 | .18
spray -2.52 | .06
TypelV SOLO immersion -3.83| .01
extra hard Spray -235| .07
NaoCl immersion -8.12 | .001

a. Thecorrelation and t cannot be computed because the standard error of the differenceisO.

Table 5: Mean and Standard Deviation for dimensional accuracy of the tested groups

Type of Typeof the | method of Slzf;)rr]etreatstn:jent I\'/?;;ir treatsr\t10|ent
the stone disinfection | disinfection ; :
Devi. Devi.
SOLO __spray 19.76 .055 19.73 .049
Typelll immersion 19.68 .018 19.72 .036
NaOC __spray 19.724 .061 19.66 | .04604
immersion 19.74 .023 19.66 .074
SOLO __spray 19.65 .075 19.69 .087
Type IV immersion 19.69 .053 19.67 .052
NaOC __spray 19.71 .038 19.72 .023
immersion 19.71 .079 19.7 .02
SOLO Spray 19.71 071 19.71 .02
TypelV immersion | 19.71 .048 19.70 .033
extrahard NaoCl spray 19.66 .035 19.67 .069
immersion 19.70 .043 19.66 .028

Table 6: Paired Sample T-Test of dimensional accuracy of the tested groups

Type of the stone | Type of thedisinfection | method of disinfection t Sig
Type SOLO imsrr?(rara;{on 2756 gg

3 NaoCl imsrr?(rara;(on ;25 gg

Type SOoLo imsrr?(rara;(on ?25 gg

Y NaoCl i msrr?(rara;( on ;9()) ;g
TypelV SOLO imsrr?(rara;(on 22 .E:SLQ
eraherd NaoCl imsrr?(rara;(on 1%31 38

Restorative Dentistry
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Table 7: Score of thereproduction of details

Restorative Dentistry

Typeof the Typeof the method of Sores

stone disinfection disinfection
Spray Score 1
Type SOLO immersion | Scorel
Il NaOCl __spray Score 1
immersion | Scorel
Spray Score 1
Type SOLO immersion | Scorel
v NaOCl __spray Score 1
immersion | Scorel
Spray Score 1
TypelV SOLO immersion | Scorel
extra hard NaOCl _ Spray Score 1l
immersion | Scorel
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