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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 (ΔL) 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 (ΔL) 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: 
Lₒ = L-ΔL. The percentage of dimensional change was 
calculated: ADL = ΔL / Lₒ x 100. 

 
 

A.  B.  C.  
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 mm² 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 L₀, L and ADL were summarized in a table and 

statistically analyzed. 

For the parameter L₀ 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. 

 

 
Graphic 1. Comparative analysis of samples size at the initial setting, L₀. 

 

 

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. 
  



LUMINIȚA OANCEA et al 

 

 2098 

 

 

Graphic 2. Comparative analysis of samples size at final setting L. 

 

 
For the parameter ΔL, 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 

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

groups average were significantly lower than the standard 

group, as follows: Group 2 t(17.9) = - 6.76, 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(8.12) = -6.03, p <0.001. 

 

 

 

Graphic 3. Comparative analysis of dimensional change of samples ΔL. 

 

 
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  

the groups had the average significantly lower than the 

standard group, as follows: Group 2, t(17.9) = - 6.76,  

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. 
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When recording original setting length  

(L₀), statistical analysis revealed a significantly 

higher difference compared to the test control 

group in groups where all the water had been 

replaced by sodium hypochlorite/disinfectant, 

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. 

After two hours of the initial setting (L), 

changes of chlorhexidine and 50% sodium 

hypochlorite 1% groups are insignificant com-

pared to the control group. 

Statistically analyzing the average of setting 

expansion values (ΔL) versus standard group,  

a decrease in all variants in which antiseptic 

were used has been observed, as well as in 

calculating percentage dimensional changes in 

control group. The results are similar to data  

from Renz and Martin’ studies (RENTZIA &  

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

chemical agents which adjust the setting time 

generally reduce the mass expansion of dental 

stone obtained from the hydration of calcium 

sulphate. 
 

Compression test results 
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, 

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  

by the following equations: 
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Variations of and are considered on a linear 

area of shortening-force curve. 

 
Graphic 4. Variation of the dimensional change of ADL. 

 

 

 

Figure 3. Force curve shortened in zigzag shape. 

 

 

 

Figure 4. Curves recorded in the test compression.  
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Figure 5. The results recorded on study groups in compression test. 

 

 

In conclusion, medrup, 2<5<4<3<1, medE

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  

l = 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: 
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12
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6
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W  , and variations F and  

of h  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. 

 

 

 
Figure 7. Test results of bending strength on the studied groups. 
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In conclusion, medrup, 5<2<3=4<1; medE

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 (L₀), 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 (ΔL) 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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