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Abstract Purpose of the study: The aim of the study is to analyze the way the disinfectants embedded
in the plaster affect the setting linear dimensional stability, flexural and compressive strength of
dental stone models.

Material and Methods: Samples were made of type IV dental stone in which different
disinfectants had been incorporated (sodium hypochlorite 1%, chlorhexidine 2%) in two
concentrations (50%, 100%), thus obtaining four test groups. Mentioned parameters are
measured using a micro comparison device and an universal testing machine, analyzing
statistically the results in comparison with the control group, prepared by standard indications.

Results: Disinfectants cause a decrease of the setting expansion value (AL) compared to
the standard group in all type of mixing percentage. Variations of compressive and flexural
strength are statistically significant, particularly when adding 100% of hypochlorite 1%.

Conclusions: Within the limits of this study, replacing the distilled water with
disinfectants, alter the value of setting expansion and cause the model dental stone to be brittle
in compression and bending.
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Introduction

In dentistry, dental impressions and models are
considered potentially contaminated sources with various
pathogens from patients’ blood and saliva. The most com-
monly disinfection methods used in the dental office and
dental laboratory are immersion (ABDULLAH, KUMAR &
al, PAL & al [1-3]) or spraying with disinfectants
(MANSFIELD & al, STERN & al [4-5]) of the models, but
each method has its advantages and disadvantages.

In the attempt to find an optimum method to
reduce, the risk of cross-contamination, Donovan Chee [6]
tested a new dental stone for models (Steride) in 1989,
which contained Chloramine-T. After conducting tests,
the authors reported physical properties comparable with
those of classic dental stone in almost all aspects.

Schutt [7] also reported that by using Steride product
the same disinfection had been obtained for the dental
impression of an irreversible hydrocolloid as for the die
cast, after 60 minutes from the setting of the dental stone.

Tebrock et al. [8] concluded in their study that the die
cast without microbial contamination could be obtained by
replacing the distilled water necessary for preparing of
the dental stone in a ratio of 25%, with 5.25% sodium
hypochlorite.

Other studies (ZARAKANI & al, SWATANTRA &
al [9, 10]) which tests the same hypothesis, conclude that
replacing the distilled water with sodium hypochlorite has
no effect on the setting time, the setting expansion or com-
pressive strength of the model obtained, recommending
this method of disinfection in dental labs.

However, contradicting earlier studies, Breault L.G.
[11] has examined the quality of the die dental stone,
replacing 10% of the water with 5.25% sodium hypo-
chlorite solution, and concluded that this modification
increases the compressive strength and the rigidity of the
dental stone, without changes in terms of tensile strength
or setting expansion.

K.M. Abdelaziz [12] tested the resistance on com-
pression and tensile forces of modified dental stone and
showed that disinfectants reduced the hardness of both
types of die stone, contradicting the findings of Breault.

However, studying the influence of incorporation of
disinfectants in dental stone, Lucas M.G. [13] pointed out
that the addition of sodium hypochlorite in both dilutions
significantly alters all of the properties examined. On the
contrary, the addition of glutaraldehyde or chlorhexidine in
the structure of the dental stone had no significant changes.

The results communicated so far in the literature are
quite controversial. The purpose of the present study is
to analyze how two commonly disinfectants / antiseptics
incorporated in different percentages in dental stone, affect
the linear dimensional stability, flexural and compressive
strength of the dental models.

Materials and Methods

The present study was conducted in an environment
with temperature of 25°C (+ 2°C) and relative humidity
of 50% (£ 10%), according to the American Dental
Association Specification (A.D.A.) No. 25.

The materials used were type IV super hard cast
dental stone INFRAROCK (INFRADENT), sodium hypo-
chlorite 1%, chlorhexidine gluconate 2%. The instruments
used were caliper, an expansion-measuring device (SAM
EMI 100), and an universal testing machine.

The study was conducted on 5 groups as follows:

- GROUP 1: control (dental stone is prepared according
to manufacturer’s instructions);

- GROUP 2: replacement of 100% of the water with
sodium hypochlorite 1%;

- GROUP 3: replacement of 50% of the water with
sodium hypochlorite 1%;

- GROUP 4: replacement of 100% of the water with
chlorhexidine gluconate 2%;

- GROUP 5: replacement of 50% of the water with
chlorhexidine gluconate 2%;

The dental stone was prepared with vacuum mixer and
then placed in the container of expansion-measuring device
under vibration; this device will measure the expansion
setting and dimensional change (AL) up to two hours.

The sample, after setting, was removed from the
container and measured using a caliper, to determine the
length (L); the length on initial setting was then calculated:
L, = L-AL. The percentage of dimensional change was
calculated: ADL = AL / L, x 100.

Figure 1. Samples prepared for testing:
A. Setting linear changes; B. Resistance to bending forces; C. Resistance to compression forces.
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After the dimensional measurements, the samples
were prepared for the strength tests by converting into a
rectangular form 10 cm long and 4 mm?2 per section.
5 samples presenting casting defects were removed.
Among samples considered valid, a number of 15 or cut

to standard sizes, each sample into five equal parts,
resulting cubes with 2 cm side — samples for compression
tests. Samples were then loaded on the universal-testing
machine and the results were recorded as graphics by
computer.

Figure 2. Samples loaded for compression and bending test.

Results

The results of dimensional changes

Results recorded after the measurement of para-
meters Lo, L and ADL were summarized in a table and
statistically analyzed.

For the parameter L, the ANOVA test has been

applied (F (4.49) = 3.9, p = 0.008) with planned contrasts
to see if the averages of four groups (2, 3, 4 and 5) were
different than the standard group (1). The average Group 2
was significantly higher than the standard group, t (45) =
2.85, p = 0.007. For the group 3 (p = 0.508), the group 4
(p = 0.404) and group 5 (p = 0.975) averages were not
significantly different from the standard group.

101 .50

101.00=]

100.50— H

100.00—

LO (mm})

99,50+

99.00 T

T T T
3 4 5

grup

Graphic 1. Comparative analysis of samples size at the initial setting, L.

For the parameter L, the ANOVA test has been
applied (F (4.49) = 3.5, p = 0.014) with planned contrasts
to see if the averages of four groups (2, 3, 4 and 5) were
different from the standard group (1).

The average Group 2 was significantly higher than
the standard group, t (45) = 2.51, p = 0.016. For Group 3
(p =0.787), Group 4 (p = 0.312) and group 5 (p = 0.803),
the averages were not significantly different from the
standard group.
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Graphic 2. Comparative analysis of samples size at final setting L.

groups average were significantly lower than the standard

group, as follows: Group 2 t(17.9)

For the parameter AL, the ANOVA test has been
applied (F (4.49) = 34.1, p <0.001) with planned contrasts
to see if the averages of four groups (2, 3, 4 and 5) are

6.76, p <0.001; group

3 1(13.5) = - 10.44, p <0.001; Group 4, t(14.3) = -5.52,

p <0.001; group 5, t(8.12) = -6.03, p <0.001.

different than the standard group (1). We found that all

Error Bars: 95% CI
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Graphic 3. Comparative analysis of dimensional change of samples AL.

6.76,

standard group, as follows: Group 2, t(17.9)

For the ADL parameter, we have applied ANOVA
test (F (4.49) = 34.1, p <0.001) with planned contrasts to
see if the averages of four groups (2, 3, 4 and 5) were
different than the standard group (1). We found that all

p <0.001; Group 3, t(13.5) = - 10.44, p <0.001; Group 4,

t(14.3) = - 5.52, p <0.001; group 5, t(12.8) = - 6.03,

p <0.001.

the groups had the average significantly lower than the
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When recording original setting length Error Bars: 95% Cl
(Lo), statistical analysis revealed a significantly 0.08
higher difference compared to the test control
group in groups where all the water had been
replaced by sodium hypochlorite/disinfectant, 0.5
which intensified setting expansion. The remai-
ning combinations showed no changes.
Dimensional change after addition of sodium
hypochlorite was expected, but because this
substance is known to be an inhibitor of the
setting reaction, the result is different from that
obtained in our previous study (A.D.A,
SFARGHIU & al [14, 15]), reports being done
this time to the average of the control group
tests.

0.04

Mean ADL

After two hours of the initial setting (L), _ - gree
changes of chlorhexidine and 50% sodium Graphic 4. Variation of the dimensional change of ADL.

hypochlorite 1% groups are insignificant com- Forta
pared to the control group.

. . . . Fmp. real
Statistically analyzing the average of setting Eproveta cu
expansion values (AL) versus standard group, deficienfe
Ah

Epruveta buna

a decrease in all variants in which antiseptic
were used has been observed, as well as in Frup, aparent
calculating percentage dimensional changes in
control group. The results are similar to data
from Renz and Martin’ studies (RENTZIA & AF]

al, MARTIN & al [16, 17]), pointing out that

chemical agents which adjust the setting time h
generally reduce the mass expansion of dental

stone obtained from the hydration of calcium = a

sulphate.

Scurtarea

Compression test results Figure 3. Force curve shortened in zigzag shape.

Using a universal loading machine Zwick
Roell with 10 kN nominal load, rectangular
samples were tested to compression. Samples
have a section of the a*a and height h.
The values were a = 15 mm and h = 20 mm.
Opposite sides, were load was applied were
perfectly flat and parallel only to some of
the specimens. Thus, in most cases, failure
(breaking) was produced progressively, star-
ting from the most prominent areas. Therefore, L
shortened force curves have been obtained
(Fig. 3) in a zigzag shape and breaking
forces had lower values than specimens without
deficiencies. In Figure 4 all curves recorded
are shown on the same graph.

For each series of tests, were detained ten
results for samples where failure forces had had
highest values. Breaking tensions and the com- . | ;
pressive modulus of elasticity were determined 2000 oen AR S
by the following equations: / ! ‘

Force in M

8000 i ol L

A000 H—------om--o

Frup AF h
a a2 Ah
0 : b |
Variations of and are considered on a linear no b5 o el mm
area of shortening-force curve. Figure 4. Curves recorded in the test compression.
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Tabel VII. CTR (grup control)

Tabel VIII. HI 50 (grup 3)

Proba Frup [N] T rup [MPa] Proba Frup [N] T rup [MPa]
CTR 1 | 9200 409 ; 'HISO1 | 9400 417
"CTR 2 | 7900 35,1 j 'HIS02 | 7530 334

CTR3 | 9190 40,8 ‘ HIS03 | 9860 43.8

CTR 4 | 8220 36,5 ' HI504 | 7830 34.8

CTR 5 | 9860 438 HIS0S | 8020 35.6

CTR 6 | 9500 422 'HIS06 | 8070 | 35.8

CTR 7 | 9680 3.0 |HIS07 |9790 143,55
CTR 8 | 7740 34.4 HIS08 | 7900 35,1

CTR9 | 7230 32.1 HIS09 | 9910 44.0

CTR 10 | 9920 44,1 "HI 5010 | 8120 36,1 |
Crup .med = 39.2 MPaE, ; = 1050 Mpa O rup med = 38,3 MPakE, ; =1110 MPa

Tabel IX. HI 100 (grup 2)

Tabel X. CX 50 (grup 5)

Proba Fryp [N] | &,,, [MPa] Proba Frp [N] O [MPa]
HI 100 1 6370 28.3 CX 501 6230 2506
HI 100 2 7500 33.3 CX 502 6810 30,2
HI 100 3 7430 33.0 CX 503 5760 25.6
HI 100 4 6220 27.6 CX 504 9310 41.3
HI 100 5 8220 36.5 CX505 5750 25,5
HI 100 6 6190 27.5 CX506 | 7410 | 329
HI 100 7 6040 26.8 CX507 9620 42.7
HI 100 8 7180 31.9 CX 508 7870 349
HI 100 9 6260 27,8 CX 509 5740 255
HI 100 10 | 9510 42.2 CX 50 10 7980 354

T rup ,med = 31.5 Mpa E,,; = 1040 MPa

O rup.med = 32,1 MPa E,,y = 1100 MP

Tabel XI. CX 100 (grup 4)

Proba Fryp [N] & yp [MPa]
CX 1001 | 8040 35,7
CX 1002 | 8330 37.0
CX 1003 | 7300 | 32,4
CX 100 4 8350 37.1
CX 1005 9060 40,2
CX 1006 | 7650 34,0
CX 1007 9430 41,9
CX 100 8 7260 32,2
CX 1009 [7600 | 33.7
CX 100 10 | 9400 | 41,7
O rup med = 36.6 MPa E .y = 1180 MPa

Figure 5. The results recorded on study groups in compression test.

In conclusion, &pypmed =2<5<4<3<1, E o =
2<1<5<3<4,

Compressive breaking tension values in all cases
were lower than in the control group, the brittle samples
are those with the addition of 100% sodium hypochlorite
1%, followed by the group with 50% chlorhexidine
gluconate 2%, 100% gluconate 2% chlorhexidine, 50%
water with 1% sodium hypochlorite; compression modulus
of elasticity decreased when 100% addition of hypo-
chlorite, while in other cases, increased compared to the
control group. The study results contradict previous
studies mentioned (ZARAKANI & al, SWATANTRA
& al, BREAULT & al. [9, 10, 11]), showing that the
addition of disinfectants have influence on quality of
dental stone for models.

Flexural test results

Flexural strength of samples was tested in an
universal loading machine from Lloyd Instruments LRX
plus with nominal load of 5 kN. Samples were processed
to rectangular section of a*a and a length of 100 mm.
Requirements were a = 15 mm, but processing was
grossly and deviations were detected quite high of the
odds. Therefore, actual values for each sample have been
considered.

In Figure no 6 the charging scheme commonly
called “three-point bending” is shown.

The distance between the support rollers was
| =80 mm.
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Figure 6. Loading scheme

Breaking tension and compression modulus of
elasticity were determined with the known relationship
from the resistance of materials:

Frup - |
Orup :—4-W
4

3

AF .13

48-1-As’

Inwhich | =—, W =—  and variations AF gnd
12 6

Tabel XII. CTR (grup control)

Deplasarea

of Ah are considered on a linear area of displacement-

force curve.

The middle section of the sample is the most
strained, therefore deformations occur and longitudinal
tensions have extremes values, with stretching on the

lower surface and compression on the top surface.

Proba Sectiune I w Frup AF Az T pup =
[mm*]  [mm7 |[N] N1 [mm] | nvpay | MPa]
CTR 1 15,5 x 155 4810 620.6 470 225 0.2 15.1 2404
CTE 2 15.5x15.5 4810 620.6 471 271 0.22 15.1 2731
CTER 3 15x 15 4218 562.5 400 165 0.15 14.2 2781
CTR 4 15x 15 4218 562.5 390 190 0.16 13.9 3003
CIR 5 16 x 16 5461 682.6 331 231 0,16 15.5 2820
CTER 6 15,5 x 155 4810 620.6 436 236 0.2 14.0 2616
CTR 7 15x 15 4218 5625 375 175 0.16 13.3 2766
T opyp med = 14,4 MPa E,..; =2744 MPa
Tabel HIIT. HT 1% S0% (grup 3)
Proba Sectiune I W Frup AF As T pup E
[mm*] [mm? |[N] N1 | [mm] | pipa [MPal
HI 01 15x 15 4218 562.5 379 178 0,146 13 4 3082
HI S0 2 16 x 16 5461 682.6 4453 202 0,147 13, 2684
HI 50 3 16 x 16 5461 682.6 463 233 0,187 13.5 2433
HI 50 4 15.5x 15,5 4810 6206 436 230 0,188 14.1 2819
HI S0 S 15.5x15.5 4810 620.6 452 252 0,218 14.5 2563
HI S0 6 15x 15 4218 562.5 366 165 0,129 13.0 3234
HI 507 15x 15 4218 562.5 343 143 0,134 12.2 2698
HI S0 8 16,5 x 16,5 6176 7487 538 238 0,186 14.3 2210
HI 09 16 x 16 5461 6826 443 143 0,122 13.0 2289
HI 50 10 16.5x 16,5 6176 7487 471 190 0,161 12,6 2038
T i mea =133 MPa E,.; =2605 MP
Tabel XTV_HI 1% 100% (grup 2)
Proba Sectiune I w Frup AF As Frup E
[mm*] [mm?® |[N] N] | [mm] |pypa [MPa)
HI 100 1 15x 15 4218 562.5 363 44 0,042 12.9 2649
HI 100 2 16 x 16 5461 682.6 479 249 0.207 14.0 23490
HI 100 3 16 x 16 3461 682.6 475 279 0,242 13.9 2251
HI 100 4 15.5x 15,5 4810 620.6 433 233 0,178 13.¢ 2902
HI 100 5 15x 15 4218 562.5 327 126 0,109 11.6 2923
HI 100 6 15x15 4218 562.5 335 134 0,125 11.9 2710
HI 100 7 15.5x 15,5 4810 6206 457 219 0,185 147 2625
T pup omed = 13.2 MPa E,.g =2630 MPa
Tabel V. CX 2% 50% (grup 5)
Proba Sectiune I a Frup AF Az T rup .
[mm®*] [mm? |[N] ] [mm] | npa) [MPa]
CX 501 153.5x15.5 4810 6206 3735 201 0,17 12.1 2622
CX 502 15 x 15 4218 562.5 365 171 0,14 13.0 3088
CX 503 15.5x15.5 4810 620.6 386 186 0,152 12.4 2713
CX 504 15.5x 15,5 4810 6206 396 196 0,189 12.7 2300
CX 505 16 x 16 5461 682.6 404 204 0,156 11.8 2554
CX 306 16 x 16 3461 682.6 408 208 0,172 11.9 2362
CX 507 15.5x 15,5 4810 620.6 384 183 0,137 12.4 2962

Figure 7. Test results of bending strength on the studied groups.
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In conclusion, orypmed =5<2<3=4<1; Epeq =

3<2<5<1<4,

Breaking bending (flexural) tension decreases in all
situations where antiseptic was added. The breaking
modulus of elasticity compared to the control increased by
the addition of 100% chlorhexidine gluconate 2%, while
in all other circumstances there has been a decrease.

Conclusions

Within the limits of the method used in the current
study, we can say that the addition of disinfectants in the
dental stone caused the following changes:

» When recording initial setting length (L), as well as
after two hours after initial setting (L), statistical
analysis revealed a significantly higher difference
compared to the control group of tests, where all of
the water had been replaced by sodium hypochlorite
substance that has intensified setting expansion. The
remaining combinations showed no changes;

» Statistically analyzing the average of setting expansion
values (AL) versus standard group, there is a decrease
in all situations in which disinfectants were used,
similar situation highlighted when calculating per-
centage dimensional change;

» Compressive breaking tension in all cases was lower
than in the control group, the brittle samples are those
with the addition of 100% sodium hypochlorite 1%,
followed by the group with 50% chlorhexidine
gluconate 2%, 100% gluconate 2% chlorhexidine, 50%
water with 1% sodium hypochlorite; compression
modulus of elasticity decreased when 100% addition
of hypochlorite, while in the other cases, increased
compared to the control group.

» Breaking flexural tension decreased in all situations
where antiseptic has been added. The breaking
modulus of elasticity compared to the control increased
by the addition of 100% chlorhexidine gluconate
2%, while in all other circumstances there has been
a decrease.
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