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Abstract 
Background and Aim: Addition of disinfectants to dental stones is one method to prevent 
cross-contamination between patients and laboratory personnel. This study aimed to eva-
luate the effect of addition of calcium hypochlorite disinfectant on setting expansion and 
surface hardness of dental stone. 
Materials and Methods: In this experimental study, calcium hypochlorite aqueous solu-
tion with 0.5% concentration was added to type V dental stone. Setting expansion was 
measured by extensometer in millimeter and surface hardness was measured by Rockwell 
hardness test machine. Data were statistically analyzed using t-test with 0.05 level of sig-
nificance. 
Results: The mean setting expansion values were 2.49±0.0017 mm and 0.27±0.0094 mm 
in the test and control groups, respectively and had a statistically significant difference. 
The mean Rockwell hardness number was 74±1.93 and 85±3.09 in the test and control 
groups, respectively with no statistically significant difference. 
Conclusion: Setting expansion and surface hardness of type V dental stone increased and 
decreased, respectively by the addition of 0.5% calcium hypochlorite. Thus, this disinfec-
tion method needs modification for routine use in the laboratory setting. 
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Introduction 
Transfer of infected materials from the clinic to the 
laboratory leads to cross-contamination. Previous 
studies have demonstrated isolation of pathogenic 
microorganisms from casts made of contaminated 
impressions [1, 2]. Several methods have been 
suggested for disinfection of dental casts. Most of 
these techniques are based on the immersion of 
casts in disinfecting solutions [3-5] or spraying the 
casts with the disinfectants [6].  

Some authors have concluded that immersion of 
casts in the disinfecting solution may affect the 
final cast quality [7]; whereas, spraying the cast 
with the disinfectant has no adverse effect on its 
surface. The problem of spraying is its possible 
inefficacy due to the cast surface porosities [6)].  
Addition of chemicals to dental stone at the time of 
mixing [7-10] or use of acetones containing disin-
fecting agents [11] is another technique for disin-
fection of casts. However, it has been reported that 
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these techniques affect the mechanical properties 
of the casts namely setting time, compressive 
strength and dimensional stability [8]. Twomey et 
al. reported that addition of 0.5% calcium hypoch-
lorite Ca (OCl)2 increased the compressive strength 
of dry type V dental stone [12]. This finding sug-
gests that addition of a specific concentration of 
calcium hypochlorite to dental casts is clinically 
beneficial. Moreover, this concentration is capable 
of cast disinfection. Over 0.3% concentrations of 
calcium hypochlorite can lead to complete inacti-
vation of microorganisms such as B. sabitis and the 
required amount of chlorine for inactivation of B. 
subtilis is equal to the amount required for inacti-
vation of Hepatitis B and C viruses.  
Dimensional stability of dental casts is extremely 
important because significant alterations of cast 
surface leads to the fabrication of low quality pros-
thesis. Use of stable low-expansion dental stone for 
the master cast can improve the adaptation and fit 
of indirect restorations [13]. Setting expansion for 
type V dental stone according to the ADA standard 
ranges from 0.01%-0.30% [14].  
Disinfection should be done without changing the 
final quality of the casts. To the best of our know-
ledge, no study has evaluated the setting expansion 
and hardness of type V dental stone mixed with 
calcium hypochlorite. Thus, this study sought to 
assess the effect of calcium hypochlorite as disin-
fectant on setting expansion and hardness of type 
V dental stone.

Materials and Methods 
Type V dental stone (Glastone® 3000, Dentsply 
Intl., York, PA) was used in this in-vitro experi-
mental study. 
Sample size was calculated using the t-test formula 
for sample size calculation. Test conditions were in 
accord with the ADA specification 25 and similar 
to relevant previous studies [15-17] at 23±2°C and 
50%±10 humidity. Instruments were stored in the 
mentioned conditions for at least 15h prior to test-
ing. 
For the setting expansion test, an extensometer 
made of stainless impermeable materials was used. 
This device had a V-shaped vent that was fixed on 
a jig and a removable steel cube with 30±1mm di-
mensions weighing 200±10g. The continuous 
thickness of the vent was 4mm and the internal 

width of each side was 30±1mm; the two reciproc-
al sides formed a 90°angle.  
The vent was close-ended at one side and open 
ended at the other. To measure the expansion of 
specimens, a micrometer (Ericsson, Hudiksvall, 
Sweden) with 0.005mm readability fixed in place 
with an aluminum headstock was used. At first, the 
distance from the removable part of steel cube and 
fixed part of V-shaped vent was adjusted at 
100±0.1mm using a digital caliper (CCCP, Russia) 
with 0.05mm readability. The bottom of the V-
shaped vent was covered with a rubber dam latex 
sheet (Dentorama, Stockholm, Sweden) with 
0.1mm thickness to allow gypsum expansion [18].  
Next, 100cc of water was mixed with 21g of dental 
stone powder according to the manufacturer’s in-
structions using a vibrator (Whip Mix Corp., 
Louisville, KY) and poured into the V-shaped 
vent. This was performed in 2 groups of test and 
control. In the test group, 0.5% calcium hypochlo-
rite (Petrochemical Co., Shiraz, Iran) was added to 
dental stone powder and in the control group dental 
stone powder was mixed with distilled water. 
After pouring the mixture into the V-shaped vent, 
the vent was covered with a rubber dam latex sheet 
to prevent water vaporization from the mixture. 
Measurements were made one minute prior to the 
setting and 2h after the onset of mixing [15-17]. 
This test was repeated 10 times for each group and 
after each test, the percentage of expansion was 
calculated using the following formula: 
LF = × 100

L0

Where L0 is the primary length and LF is the final 
length 
For surface hardness testing, a rectangular stainless 
steel die measuring 38x8x8mm was used. Impres-
sionswere made using medium viscosity polyvinyl 
siloxane (Panasil ® monophase medium, Ketten-
bach GmbH & Co., KG, Schoenberg, Germany) 
and anacrylic resin special tray (Figure 1). A total 
of 20 impressions were made and divided into 2 
groups. In group 1, dental stone powder was mixed 
with 0.5% calcium hypochlorite and in the control 
group, dental stone powder was mixed with distill-
ed water according to the manufacturer’s instruc-
tions on a vibrator and poured into the impressions. 
Specimens were then evaluated and those with 
fractures or voids were excluded and replaced with 
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new specimens. After 24h, each specimen was sub-
jected to Rockwell hardness testing in a hardness 
tester (Hardness Tester 751, Instron Wolpert, UK) 
using a 1.16 inch diameter metal ball indenter with 
a primary load of 3kg and final load of 30kg at 5 
points with 4mm distances. Based on the depth of 
penetration, the Rockwell hardness number was 
calculated by the machine. 
The test results were analyzed using SPSS version 
16 software and t-test at P=0.05 level of signific-
ance. 
 

Figure 1. Metal die and acrylic resin tray used for sur-
face hardness testing 

 
Results 
The mean setting expansion was 0.27±0.0094mm 
in the control and 2.49±0.0017mm in the test 
group; this difference was statistically significant 
(P<0.001). 
The mean surface hardness was 85±3.09 in the 
control and 74±1.93 in the test group; this differ-
ence was also statistically significant (P<0.001).  
 
Discussion  
Dentists are exposed to pathogenic microorgan-
isms in the saliva and blood. In prosthodontic den-
tistry, a direct cooperation between the dental of-
fice and laboratory is necessary for manufacturing 
dental prostheses. Disinfection of casts is impor-
tant for obtaining contamination-free models be-
causethe transmission of infectious agents from the 
blood and saliva is possible via cast impressions 
[1]. Immersion disinfectants need to be diluted in 
water; which causes potential problems. Rudd et 
al. showed that immersion of dental casts in water 
for 15min changed the surface characteristics of 
the casts [19]. Casts are recommended to be im-
mersed in the solution for over 30min for complete 

surface disinfection; however, this method may 
have adverse effects on the cast surface [20]. 
The spraying technique for cast surface disinfec-
tiondoes not have the problems (such as decreased 
surface accuracy and hardness) associated with the 
immersion technique. A study on 3 disinfecting 
sprays of phenol, iodophor and glutaraldehyde 
showed that they can be safely and effectively ap-
plied to dental stone products without compromis-
ing their compressive strength [6]. The main draw-
back of spray disinfection is its inability to com-
pletely cover the entire surface of the cast in the 
expected time. Depending on the angle of spray 
tip, undercuts in the proximal areas may not be 
completely disinfected. Moreover, the porous na-
ture of stone casts necessitates complete immersion 
of surface into the disinfecting solution; which is 
extremely difficult, if not impossible, with spray-
ing [6]. The destructive potential of immersion 
technique and incomplete surface coverage in the 
spray technique led to the development of a new 
method based on direct incorporation of the disin-
fecting material into the hemi-hydrated calcium 
sulfate. This method has yielded promising results 
in previous studies [3, 7, 8].  
Tebrock et al. mixed type V dental stone with so-
dium hypochlorite and observed no growth of B. 
subtilis in the disinfected casts [3]. Mensfield et al. 
showed that within an hour after the application of 
sodium hypochlorite and glutaraldehyde, number 
of pathogenic microorganisms decreased to the 
level of negative control group. Although applica-
tion of sodium hypochlorite can effectively disin-
fect the casts, its effect on the physical properties 
of casts raises some concerns [7]. Ivonovski et al. 
reported a reduction in compressive strength fol-
lowing the incorporation of sodium hypochlorite as 
the disinfecting agent [8]. Abdelaziz et al, also re-
ported a reduction in compressive and tensile 
strengths of type III and V dental stones following 
the incorporation of sodium hypochlorite [10]. It is 
assumed that sodium ions from the sodium hy-
pochlorite interfere with the calcium compounds in 
the gypsum structure and affect its strength. In our 
study, calcium hypochlorite was used as an addi-
tive due to its significant disinfecting properties. It 
appears that calcium salt has a less significant ef-
fect on the structure and properties of calcium sul-
fate dihydrate compared to sodium hypochlorite. 
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Previous studies have shown that incorporation of 
0.5% sodium hypochlorite into type V dental stone 
increased its compressive strength in dry condi-
tions and completely inactivated microorganisms 
like B. subtilis. We also evaluated two other physi-
cal properties namely setting expansion and sur-
face hardness of type V dental stone following the 
incorporation of 0.5% sodium hypochlorite as the 
disinfectant. The results revealed that application of 
0.5% calcium hypochlorite significantly decreased 
surface hardness and increased setting expansion. 
Adaptation, fit and success of cast restorations de-
pend on the characteristics of die material namely 
dimensional accuracy, setting expansion, strength 
and the ability to reconstruct the details. If the die 
possesses the mentioned properties, restoration 
margin will have better contact with the finish line 
[21] and consequently problems due to the margin-
al misfit of the restoration namely dissolution of 
cement [22], development of caries [23, 24], pulp 
injury [25], microbial plaque accumulation [26], 
alteration of subgingival microbial flora [27] and 
gingival inflammation [13-28] are minimized. Pre-
cision and stability of master cast are of the prima-
ry requirements for the fabrication of implant-
supported prosthesis. Marginal misfit and inade-
quate seal in implant supported restorations in-
crease cement dissolution at the margin and lead to 
the application of eccentric lateral loads to the im-
plant [15]. 
Moreover, marginal misfit can cause plastic distor-
tion of metal framework, ceramic separation, frac-
ture of implant system components and plaque ac-
cumulation and subsequently compromise the lon-
gevity of restoration [29, 30]. 
The results of our study regarding setting expan-
sion were in contrast to those of Abbas et al, who 
showed that incorporation of 0.5% calcium hy-
pochlorite into type III dental stone decreased set-
ting expansion [31]. However, our findings con-
firmed the results ofBreault et al, [9], Ivonovski et 
al, [8] and Abdelaziz et al, [32]. Changed mor-
phology of gypsum crystals may change the orien-
tation of crystals and consequently alter the setting 
expansion [8]. 
In our study, surface hardness of dental stone in the 
test group was less than in the control group and 
the Rockwell hardness number was 74±1.93 in the 
test and 85±3.09 in the control group. In the study 

by Abbas et al, the Brinell hardness number was 
2.3 and 3 in the test and control groups, respective-
ly [31] and similar to our study, the hardness num-
ber decreased in the test group. However, their 
study was performed on type III dental stone. Ad-
dition of calcium hypochlorite may affect the in-
ternal crystalline structure and decrease the internal 
bonds. 
In our study, Rockwell hardness test was used due 
to its high popularity, enabling direct reading of 
the penetration depth and ease of use. Considering 
the results of our study and previous ones, further 
investigations on this method of cast disinfection 
seem necessary in order to come up with strategies 
to eliminate its shortcomings. Future studies are 
recommended to focus on different concentrations 
of disinfectants, different types of dental stones 
and mechanical properties of gypsums. 
 
Conclusion  
1.The setting expansion of type V dental stone 
mixed with 0.5% calcium hypochlorite was higher 
than that of type V dental stone mixed with distill-
ed water. 
2.Surface hardness of type V dental stone mixed 
with 0.5% calcium hypochlorite was less than that 
of type V dental stone mixed with distilled water. 
 
Acknowledgment  
This study was part of a doctoral thesis for the 
DDS degree by FarhadKiani (#83191). The thesis 
supervisor was Dr. Mahmoud Sabouhi. The au-
thors would like to thank the Research Deputy of 
Isfahan University of Medical Sciences for finan-
cially supporting this project.

References 
1. Leung RL, Schonfeld SE. Gypsum casts as a 
potential source of microbial cross contamination. 
J Prosthet Dent. 1983 Feb; 49(2):210-1. 
2. Merchant VA. Infection control and prosthodon-
tics. J Calif Dent Assoc. 1989 Feb;17(2):49-53. 
3. Tebrock OC, Engelmeier RL, Mayfield TG, 
Adams HJ. Managing dental impressions and casts 
of patients with communicable diseases. Gen Dent. 
1989 Nov-Dec;37(6):490-5. 
4. Sarma AC, Neiman R. A study on the effect of 
disinfectant chemicals on physical properties of die 
stone. Quintessence Int. 1990 Jan;21(1):53-9. 



Journal of Islamic Dental Association of IRAN (JIDAI) Spring 2014 ;26, (2) Sabouhi et. al 

Spring 2014; Vol. 26, No. 2 106

5. Bass RA, Plummer KD, Anderson EF. The ef-
fect of a surface disinfectant on a dental cast. J 
Prosthet Dent. 1992 May;67(5):723-5. 
6. Stern MA, Johnson GH, Toolson LB. An evalua-
tion of dental stones after repeated exposure to spray 
disinfectants. Part I: Abrasion and compressive 
strength. J Prosthet Dent. 1991 May; 65(5): 713-8. 
7. Mansfield SM, White JM. Antimicrobial effects 
from incorporation of disinfectants into gypsum 
casts. Int J Prosthodont. 1991 Mar-Apr;4(2):180-5. 
8. Ivanovski S, Savage NW, Brockhurst PJ, Bird 
PS. Disinfection of dental stone casts: antimicrobi-
al effects and physical property alterations. Dent 
Mater. 1995 Jan;11(1):19-23. 
9. Breault LG, Paul JR, Hondrum SO, Christensen 
LC. Die stone disinfection: incorporation of sodium 
hypochlorite. J Prosthodont. 1998 Mar; 7(1): 13-6. 
10. Abdelaziz KM, Combe EC, Hodges JS. The 
effect of disinfectants on the properties of dental 
gypsum: 1. Mechanical properties. J Prosthodont. 
2002 Sep;11(3):161-7. 
11. Donovan T, Chee WW. Preliminary investiga-
tion of a disinfected gypsum die stone. Int J Pros-
thodont. 1989 May-Jun;2(3):245-8. 
12. Twomey JO, Abdelaziz KM, Combe EC, Anderson 
DL. Calcium hypochlorite as a disinfecting additive for 
dental stone. J Prosthet Dent. 2003 Sep;90(3):282-8. 
13. Walton JN, Gardner FM, Agar JR. A survey of 
crown and fixed partial denture failures: length of 
service and reasons for replacement. J Prosthet 
Dent. 1986 Oct;56(4):416-21. 
14. Golbidi F, Kiani M, Ebrahimi M. Evaluation of 
physical properties of Khodabandeloo plaster(An 
in vitro study). J Dent Sch Shahid Beheshti Med 
Sci Univ.  2006 Summer; 24(2):235-42. 
15. Lucas MG, Arioli-Filho JN, Nogueira SS, Ba-
tista AU, Pereira Rde P. Effect of incorporation of 
disinfectant solutions on setting time, linear di-
mensional stability, and detail reproduction in den-
tal stone casts. J Prosthodont. 2009 Aug;18(6):521-6. 
16. Golbidi F, Kiani M, Ebrahimi M. Evaluation of 
physical properties of Khodabandeloo plaster (An in 
vitro study). J of Dent Sch Shahid Beheshti Medical 
Sciences University.  2006 Summer; 24 (2):235-42. 
17. Golbidi F, Davari M. Evaluation of three rabic 
properties of rabic stones. Dent J of Islamic Ass of 
Dent.  2003 Jan; 14(4):51-64. 
18. Heshmati RH, Nagy WW, Wirth CG, Dhuru 
VB. Delayed linear expansion of improved dental 
stone. J Prosthet Dent. 2002 Jul;88(1):26-31. 
19. Rudd KD, Morrow RM, Brown CE Jr, Powell 
JM, Rahe AJ. Comparison of effects of  tap water 

and slurry water on gypsum casts. J Prosthet Dent. 
1970 Nov;24(5):563-70. 
20. Infection control recommendations for the dental 
office and the dental laboratory. ADA Council on 
Scientific Affairs and ADA Council on Dental Prac-
tice. J Am Dent Assoc. 1996 May;127(5):672-80. 
21. Sabouhi M, Khodaeian N, Soltani M, Ataei E. 
Comparison of physical properties of an Iranian 
and a German dental stone type IV according to 
ADA specification. The J of Islamic Dent Ass of 
IRAN (JIDA) 2013 Spring; 25(1):81-8. 
22. Jacobs MS, Windeler AS. An investigation of dental 
luting cement solubility as a function of the marginal 
gap. J Prosthet Dent. 1991 Mar; 65(3):436-42. 
23. Phillips RW, Swartz ML, Lund MS, Moore 
BK, Vickery J. In vivo disintegration of luting ce-
ments. J Am Dent Assoc. 1987 Apr;114(4):489-92. 
24. Preston JD. Rational approach to tooth prepara-
tion for ceramo-metal restorations. Dent Clin 
North Am. 1977 Oct; 21(4):683-98. 
25. Goldman M, Laosonthorn P, White RR. Micro-
leakage–full crowns and the dental pulp. J Endod. 
1992 Oct; 18(10): 473-5. 
26. Khu CH, King NM, Lee AM, Yiu CK, Wei 
SH. A pilot study of the marginal adaptation and 
surface morphology of glass-cermet cements. 
Quintessence Int. 1996 Jul; 27(7):493-501. 
27. Lang NP, Kiel RA, Anderhalden K. Clinical 
and microbiological effects of subgingival restora-
tions with overhanging or clinically perfect mar-
gins. J Clin Periodontol. 1983 Nov;10(6):563-78. 
28. Schwartz NL, Whitsett LD, Berry TG, Stewart 
JL. Unserviceable crowns and fixed partial den-
tures: life-span and causes for loss of serviceabili-
ty. J Am Dent Assoc. 1970 Dec; 81(6):1395-401. 
29. Beuer F, Aggstaller H, Edelhoff D, Gernet W, 
Sorensen J. Marginal and internal fits of fixed den-
tal prostheses zirconia retainers. Dent Mater. 2009 
Jan; 25(1):94-102. 
30. Abbas SM, Ibrahim IK. The effect of calcium 
hypochlorite disinfectant on some physical and 
mechanical properties of dental stone. J Bagh Coll 
Dent. 2012; 24(2):11-7. 
31. Abbas SM, Ibrahim IK. The effect of calcium 
hypochlorite disinfectant on some physical and 
mechanical properties of dental stone. J Bagh Coll 
Dent. 2012; 24(Sp. Issue 1):36-4. 
32. Abdelaziz KM, Attia A, Combe EC. Evalua-
tion of disinfected casts poured in gypsum with 
gum rabic and calcium hydroxide additives. J Pros-
thet Dent. 2004 Jul; 92 (1):27-34. 
 


