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Abstract 
Background The transferring of infectious agent by blood and saliva through den-
tal casts increase the risk of cross infection, so disinfection is mandatory. The goal of 
this research was conducted to assess the influence of chemical disinfection solutions 
on (hardness, compressive strength) properties of two dental stone gypsum materi-
als. Materials and methods A sample of 224 specimens of dental stones [type IV 
(diestone), and III (stone)] were prepared (n=7). The specimens prepared for each 
tested groups of compressive strength and hardness test using split mold technique 
(20 mm in diameter and 40mm height). Three types of experimental disinfectant so-
lutions were used (sodium hypochlorite, chlorhexidine, and glutaraldehyde), in addi-
tion to distill water as a control group. For each disinfectant group, stone specimens 
were disinfected by two methods, the immersion and mixing with solution completely. 
After disinfection was completed, compressive strength was measured using auto-
matic double chamber machine at loading rate of 2900 (±490 N/min) and 300 (±50 
Kg/ min), while hardness measurement was done by using Rockwell hardness test (R 
scale) with minor loud of (10 Kg) and major load of (60 Kg). Five measurements for 
each sample were tested and the average was taken. Results statistical analysis (t-
test) showed non-significant changes between the two techniques of immersion and 
mixing disinfections for both stone materials in chlorhexidine only, while it was signifi-
cant on the other tested groups. In addition, ANOVA test showed significant changes 
between disinfectant groups regarding of compressive strength property. On the other 
hand, hardness measurement test observed that sodium hypochlorite had no reading 
on the device after using mixing technique. A T-test revealed insignificancy between 
two techniques of disinfection except in distilled water control group of stone material. 
While ANOVA test revealed a significant change between disinfectant solutions except 
in stone gypsum material. Conclusions the results showed that glutaraldehyde and 
chlorhexidine solutions had a better effect than sodium hypochlorite in regard to the 
tested properties.

Keywords: Dental stone, disinfection, compressive strength,
hardness.
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Introduction
The most widely used model and die materials from the past till nowadays is gypsum 
products (Choudhary et al. 2016;  Niekawa et al. 2017). The gypsum-based prod-
uct that is used in dental stones and plasters is calcium sulfate hemihydrate, CaSO4. 
½ H2O (Singh and Middendorf, 2007, Craig, 1997). Type IV and V dental stones are 
produced by taking the α-calcium sulfate hemihydrate one step further by steaming 
it in a mixture of 30% calcium chloride.  This results in crystals being formed in more 
symmetrical shapes, thus leading to improved stones that possess the highest densi-
ties of the five types of stones (Won and John, 2012; Sharma et al.2013, Donovan 
T and Chee, 1989). The oral cavity is considers a resource of infection as it enclose 
numerous microorganisms, (Laheij et al. 2012), so any dental instruments or impres-
sions infected with microorganisms that inadequately washed or  sterilized may result 
in cross-contamination (Elnaz et al. 2015), which is the transmission of pathogenic 
microorganisms, resulting in cross-infection (Pereira et al. 2012). In prosthodontics, 
infection control and disinfection procedures have been developed with specific im-
portance on the disinfection of impressions and casts used for the construction of 
prostheses (Anaraki et al. 2013). Deep penetration of microorganisms through dental 
casts due to its porous structure and highly hydrophilic nature, making the surface 
disinfection techniques ineffective (Breault et al.1998; McDonnell and  Denver., 1999). 
Transmission of infective agents to the casts from blood and saliva  through impres-
sions, occlusion rims, record bases, and trial dentures will lead to cross-contamination 
(Abdullhh 2006; Rathika et al. 2017). A cast from an accurately sterilized impression 
may become contaminated by a technician or clinician Even with effective disinfec-
tion of impressions, (Berg 2005; Al Mortadi et al. 2019). Disinfection means a clinical 
stage aimed to wipe out most microorganisms (bacteria, viruses and spores) from 
the surface of an impression (Carvalhal 2011; Rutala and Weber, 1999). Disinfectants 
must do efficiently as antimicrobial agents but not negatively influencing the dimen-
sional accuracy (Moser et al. 1975) or hardness property (Khalid and Edward, 2002). 
Surface hardness is a very important property for gypsum cast that corresponds to 
the reproduction of intimate surface details of recorded or facial structures in the 
working cast which can be transferred to the finished prosthesis or effect compres-
sive strength which important to resist fracture during flasking of the denture, and 
other feature fidelity of gypsum cast (Tuncer et al. 1993; Casemiro, 2007; Koosha et 
al.  2017, Davila et al. 2018). This study aims to evaluate compressive strength and 
hardness of two types of dental gypsum materials under the effect of chemicals disin-
fection.

Materials and Methods 
A. Preparation of gypsum specimens
Dental stones samples were prepared from two types of dental gypsum (n=7), these 
are type III (Zhermach, Italy) and type IV (Italy, Zhermach); the powder/water ra-
tio was used according to the manufacturer instructions. For type III dental stone 
was used powder/water ratio (100g/25ml). Distilled water was used for the prepara-
tion of tested sample. The mixing water temperature was maintained at 23(± 2 °C). 
The powder was added to the accurate amount of water and allowed to infuse for 30 
seconds. Then it was mechanically mixed by using mechanical vacuum mixer (Mos-
lehifard et al, 2013) for 30 seconds as shown in figure 1. After that, dental stone of 
type III was directly poured in the mold using mechanical vibrator, while dental stone 
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of type IV, the powder/water ratio was 100g/20ml according to manufacturer instruc-
tions. After complete setting (nearly 45 minutes), both type III and IV stone speci-
mens were separated from the molds and left 24 hours for drying at 23 (±2) ºC be-
fore testing.

Figure (1): Vacuum mixer.

B. Disinfectant solutions
Three types of experimental disinfectant solutions have been used: a 5.25% of so-
dium hypochlorite (ABC Deterjan san/Osmaniye/Turkey) 0.12% of Chlorhexidine 
Digluconate. (Khalaf and Mahmood, 2013) (Ciutat de Granada, Barcelona, Spain), 2% 
glutaraldehyde (Ivanovski et al. 1995; Mohammad et al. 2014) and distilled water as 
a control group. Each solution was used in two approach; immersion method when 
the sample was immersed in the solution for 30 minutes (Kumar R et al. 2012), and 
the mixing method when the disinfectant solution was mixed with powder instead of 
water.
C. Properties measurement 
1. Compressive strength measurement
112 dental gypsum type (IV) and (III) specimens were prepared for compressive 
strength test by using split mold (40 mm height and 20 mm in width), corresponding 
to “ADA specification No.25”, to maintain the ends of the samples flattened a glass 
plate was used under the mold and vibrated gently whereas the stone mixture was 
poured in the mold then the top of the mold was covered with a another glass plate 
and pressed tightly. According to manufacturer›s instructions, the specimens were 
separated from the mold after 45 minutes from starting of the mixing. For immer-
sion method, the samples were immersed for 30 minutes in disinfectant solution then 
tested after 24 hours. For mixing method the specimens tested also after 24 hours, 
automatic double chamber compressive machine was used at a loading rate of 2900 
(± 490 N/min) and (300± 50 Kg/ min) for dental stone according to ADA specification 
No.25 as shown in figure 2, figure 3 and figure 4.
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Figure (2): Mold of compressive speic        Figure (3): Samples preperation.

Figure (4): Compressive test machine. 

2. Measuring of the Surface Hardness
112 dental gypsum type (IV) and (III) specimens were prepared for surface hardness 
test by using split mold (20 mm in width and 40 mm height) corresponding to “ADA 
specification No.25”. To ensure that the specimen with flattened end a glass plate was 
used to place under the mold and stone mixture was vibrated gently when poured in 
the mold then another glass plate was covered the top of the mold and pressed firm-
ly. After 45 minutes from the start of the mixing the specimens isolated from the split 
mold (following to manufacturer›s instructions). An incubator was used to store all 
the samples at a temperature 23 (±2⁰C) and relative humidity of 50(±10%). Hard-
ness means value depend on the depth of penetration of indenter into the subjected 
material. The smooth flat surface which was poured against flat glass plate was test-
ed. Rockwell hardness test (R scale) was used with minor load of (10) kg and major 
load of (60) kg (Kumar et al. 2012). A steel ball (½inch) in diameter was used. Five 
readings for each specimen were tested; the point selected in the same line and then 
the average of the reading was taken (figure 5 and figure 6). 
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D. Statistical Analysis
The difference between two techniques of disinfection was determined by using T-
test, in addition to analysis of variance and Duncan’s multiple range tests to observe 
the significance among disinfectant groups in which (p≤ 0.05).

Results
Statistical analysis for compressive strength of distone material table (1) revealed a 
non-significance change in chlorhexidine group and significances in the other three 
groups.  Analysis of variance in table (2), showed a significant difference between 
disinfectant groups concerning control group (distill water). For stone material, com-
pressive strength measurement in table (3) observed also a non-significant difference 
in chlorhexidine group and significant difference in the other group while table (4) 
revealed a significant difference in both immersion and mixing procedures, in which 
sodium hypochlorite showed the least compressive strength compared with other dis-
infectants procedures. For hardness measurement of both stone and distone gypsum 
materials there were no readings on hardness device for sodium hypochlorite group 
after mixing with disinfectant solution that’s why, this group was excluded statistically 
in (t-test) analysis. Table (5) showed no significant difference between the two proce-
dure of disinfection (immersion and mixing).Table (6) observed a significant difference 
between disinfectants in which the glutaraldehyde observed the highest hardness 
measurement, table (6)
 showed a significant difference between disinfectant groups in which chlorhexidine 
showed the least hardness value. In stone material hardness measurement, table 
(7) showed a significant difference between the two procedures of the preparation in 
the control group of distill water. Table (8) observed a significant difference in hard-
ness reading of stone material after immersion between disinfectant groups.  Also it 
indicated a non-significant difference between the groups of disinfections in hardness 
reading of stone material as significant value of p≥ 0.05.

Figure (5): Rockwell hardness tester. Figure (6): Gypsum sample 
tested by hardness.
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Table (1): T-test shows the influence of disinfectant solutions on compres-
sive strength of distone gypsum material.

Table (2): One-way ANOVA-test shows the influence of disinfectant solutions 
on compressive strength of distone gypsum product.

Table (3): T- test shows the effect of disinfectant solution on compressive 
strength of stone gypsum material.
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Table (4): One -way ANOVA-test shows the influence of disinfectant 
solutions on the compressive strength of stone gypsum material.

Table (5): T- test shows the effect of disinfectant solutions on the hardness 
of distone gypsum material.

Table (6): One- way ANOVA-test shows the outcome of the disinfectant solu-
tions on the hardness of distone gypsum material.
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Table (7): T- test shows the influence of disinfectant solutions on the 
hardness of stone gypsum material.

Table (8): One- way ANOVA-test shows the influence of disinfectant 
solutions on hardness of stone gypsum material.

Discussion 
Gypsum products are extensively used in dentistry for a variety of purposes ranging 
from construction of study models and casts duplication of soft and hard tissues of 
oral cavity required for crown and bridge work, fabrication of complete dentures or 
maxillofacial rehabilitation. Besides having extensive use in Prosthetic Dentistry, it is 
used widely in other branches of dentistry as well (Choudhary et al. 2016). Gypsum 
materials to be clinically beneficial should have high compressive strength and frac-
ture, abrasion, resistance (Tuncer et al. 1993). Mostly, the factors like powder/ water 
ratio, working time, the bulky of the mixture, chemical structure, free water content 
inset product, humidity, storing temperature and elapsed time after the cast is poured 
affecting the compressive strength of gypsum products (Craig, 1997). This study re-
sults showed the compressive strength with the lowest value for two types of stones 
when mixed with sodium hypochlorite disinfectant solution. A study by Mohammad 
et al. showed a significant reduction in compressive strength of dental stone type 
IV when mixing with a high concentration of sodium hypochlorite (Mohammad et al. 
2014). The considerable alteration elicited by the integration of sodium hypochlorite 
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is owing to the creation of a low-solubility salt which, when exist in great concentra-
tions, alters the crystallization nucleus and consequently affects properties of gypsum 
products. However, in 1989 obtained opposite results via a greatly watery concentra-
tion of sodium hypochlorite (Donovan T and Chee, 1989). Which may be described 
the point of some retardants act as accelerators when in low concentrations. A study 
by Davila showed the brittle samples of compressive strength of type IV dental stone 
are those with the addition of 100% sodium hypochlorite 1%. Results of this study 
could in agreement with some prior studies that when used of a high concentration 
of sodium hypochlorite was significantly reduced compressive strength (Davila et al. 
2018). Chlorhexidine disinfectant solution result showed a non-significant change in 
compressive strength of type III and IV dental stone in both (immersion and mix-
ing) procedure. Therefore, it can be used for disinfection of gypsum cast. Khalaf H 
and Mahmood in 2013 showed in their study that gypsum specimens integrated with 
chlorhexidine digluconate mouth wash revealed considerable antimicrobial activity 
(growth inhibition zone) against Staphylococcus aureus and Streptococcus mutans as-
sociated with a heightened concentration of CHX disinfectant. For hardness measure-
ment, the study observed that there is a significant reduction in this physical property 
when sodium hypochlorite solution mixed with dental stone, as there is no reading 
result on the hardness measuring device. For this reason this group in this study was 
excluded. In present study and for both types of dental stones that immersed in sodi-
um hypochlorite, a decrease in surface hardness was reported. Another study showed 
a decrease in surface hardness of dental stones after spraying them with the sodium 
hypochlorite and virkone disinfectants (Moslehifard et al. 2013(. Glutaraldehyde dis-
infectant solution observed the highest hardness measurement for distone gypsum 
type with immersed procedure. In 1995 a research by Ivanovski observed that gluta-
raldehyde was the best efficient disinfectant with the minimum adverse effects on the 
physical properties of the set cast (Ivanovski et al. 1995). In which it goes online with 
the result of this study.

Conclusions
Sodium hypochlorite cleanser decreased the compressive strength when mixed with 
both type III and IV gypsum materials and there was no hardness measurement for 
both materials during mixing technique. Glutaraldehyde cleanser was better than 
other groups in regard to the compressive strength and hardness tested properties in 
both stone and distone gypsum materials. 

References
Abdullhh AM (2006). Surface dental, compressive strength and dimensional accuracy 
of gypsum casts after repeated immersion in hypochlorite. J Prosthet Dent 95: 462– 
8. DOI: 10.1016/j.prosdent.2006.03.019.

Al-Mortadi N,  Al-Khatib A,  Alzoubi K,  Khabour O.(2019). Disinfection of dental im-
pressions: knowledge and practice among dental technicians. Clin Cosmet Investig 
Dent; 11: 103–108. DOI: 10.2147/CCIDE.S205144.

Anaraki RM, Moslehifard E, Aminifar S, Ghanati H (2013). Effect of microwave disin-
fection on compressive and tensile strengths of dental stones. J Dent Res Dent Clin 
Dent Prospects; 7 (1): 42– 6. DOI: 10.5681/joddd.2013.007.



 VOLUME 6, Issue 2, 2019
56

Iraqi Division of the IADR

ISSN 2310-6417

Dr.Rula M. labeeb & Dr. Nadia T. Jaffer

Berg E, Nielson O, Skuag N (2005). High-level microwave disinfection of dental casts. 
Int J Prosthodont; 18 (6): 520– 5.  DOI:10.1016/j.prosdent.2006.05.025

Breault LG, Paul JR, Hondrum SO, Christensen LC (1998). Die stone disinfection: 
incorporation of sodium hypochlorite. J Prosthet; 7 (1): 13– 6. DOI:10.1111/j.1532-
849x.1998.tb00170.x 

Carvalhal CI, Mello JA, Sobrinho LC, Correr AB, Sinhoreti MA (2011). Dimensional 
change of elastomeric materials after immersion in disinfectant solutions for different 
times. J Contemp Dent Pract;12 (4):252 258. DOI: 10.5005/jp-journals-10024-1043.

Casemiro LA, Pires de Souza FC, Panzeri H, Martins CH, Ito IY (2007). In vitro antimi-
crobial activity of irreversible hydrocolloid impressions against 12 oral microorgan-
isms.  
Braz Oral Res; 21:323 329. DOI.org/10.1590/S0103-64402012000400018. 

Choudhary S, Banerjee A, Giri T Rohilla A (2016). Study of Surface Hardness of 
Gypsum Casts Made with Slurry Water. JDMS15: 23-26.  DOI: 10.9790/0853-
1512012326.

Craig R. (1997). Restorative Dental Materials. 10th ed 200-204.
Davila C., Mures T., Babes V., Blaga L. (2018). Effects of disinfectant solutions incor-
porated in dental stone on setting expansion, compression and flexural strength of 
dental models. J Rom Biotechnol Let; 23:2-10. 

Donovan T and Chee WW (1989). Preliminary investigation of a disinfected gypsum 
die stone. Int J Prosthodont 3:245-248.   PMID: 2634410

Elnaz M., Lotfipour L,  Anaraki M.R,  Shafee E,  Tamjid-shabestari S,   Ghaffari 
T.(2015). Efficacy of Disinfection of Dental Stone Casts: Virkon versus Sodium Hy-
pochlorite. J Dent (Tehran); 12(3):206-215. PMID: 26622274
Ivanovski S, Savage NW, Brockhurst PJ, Bird PS (1995). Disinfection of dental stone 
casts: antimicrobial effects and physical property alterations. J Dent Mater11:19-23. 
DOI: 10.1016/0109-5641(95)80004-2.

Khalaf H and Mahmood M (2013).  Effect of certain disinfectant solutions incorpo-
rated into gypsum casts on certain pathogens.  I.J.A.B.R 3: 603-607. https://www.
researchgate.net › publication › 328191351

Khalid M.  and Edward C. (2002). The effect of disinfectants on the properties of den-
tal gypsum: 1. Mechanical properties. J Prosthodont; 11(3):161 – 167. DOI 10.1053/
jopr.2002.126860.

Koosha S., Pourhaghani Sh., Attar K. (2017). Hardness and Surface Detail Reproduc-
tion of Gypsum Casts Retrieved from Addition Silicone Impressions Disinfected for 
Different Time Points. J Islam Dent Assoc Iran.; 29(4):149-157. DOI 10.30699/jid-
ai.29.4.149.



 VOLUME 6, Issue 2, 2019
57

Iraqi Division of the IADR

ISSN 2310-6417

Dr.Rula M. labeeb & Dr. Nadia T. Jaffer

Kumar R, Subash M., Karthigeyan S, Punithavathy R, Karthik K. S., and Manikandan 
R. (2012). The effect of repeated immersion of gypsum cast in sodium hypochlorite 
and glutaraldehyde on its physical properties.J Pharm Bioallied Sci4: 353–357. DOI: 
10.4103/0975-7406.100270.

Laheij A, Kistler J,  Belibasakis G,  Välimaa H,  de Soet J.J. (2012). Healthcare-associ-
ated viral and bacterial infections in dentistry. J Oral Microbiol; 4. DOI: 10.3402/jom.
v4i0.17659.

McDonnell G. and  Denver R. (1999). Antiseptics and Disinfectants: Activity, Ac-
tion, and Resistance. J Clin Microbiol Rev; 12(1): 147–179. https://DOI:10.1128/
cmr.12.1.147

Mohammad Q., Hasan R, Thiab S. (2014). Effects of Different Disinfectant Additives 
on Compressive Strength of Dental Stone. JUBPAS 5:1686-93.

Moser JB, Stone DG, Willoughby GM. (1975) Properties and characteristics of a resin 
die material. J Prosthet Dent.; 34:297–304.  DOI: 10.1016/0022-3913(75)90107-9.

Moslehifard E, Nasirpouri F, Gasemzadeh S. (2013). Effect of Disinfectants on the 
Hardness of Dental Stones. JIDAI 25:183-189. 

Niekawa C,  Kreve S, Gisseli B, Gilmar ,  Silva J,   Dias S.(2017). Analysis of the Me-
chanical Behavior and Surface Rugosity of Different Dental Die Materials. J Int Soc 
Prev Community Dent; 7(1):34-40. DOI: 10.4103/2231-0762.200706.

Pereira P, Lucas MG, Spolidorio DM and Ariolio JN (2012). Antimicrobial activity of dis-
infectant agents incorporated into type IV dental stone. Gerodontology; 29 (2): 267– 
74. DOI: 10.1111/j.1741-2358.2011.00462.

Rathika R, Easwaran M A, Dhivya K T., (2017). Comparative Study to Evaluate the 
Surface Detail Reproduction of Dental Stone after Immersion in Various Different Dis-
infectant Solutions, Under Stereomicroscope 10 X Magnification –An In-Vitro Study. 
IJPCR; 9(3): 193-196.  DOI 10.25258/ijpcr.v9i3.8316.

Rutala WA and Weber DJ (1999). Infection control: the role of disinfection and  
sterilization. J Hosp Infect; 43:S43-S55.https://DOI.org/10.1016/S0195-6701 
(99)90065-8.

Sharma A, Shetty M, Hegde C, Shetty NS, Prasad DK (2013). Comparative Evalua-
tion of Dimensional Accuracy and Tensile Strength of Type IV Gypsum Using Micro-
wave and Air Drying Methods. J Indian Prosthodont Soc.; 13(4):525–30 DOI10.1007/
s13191-012-0183-0.

Singh N.B and Middendorf B. (2007). Calcium sulphate hemihydrate hydration lead-
ing to gypsum crystallization. J Prog. Cryst. Growth & Charact 53(1):57-77. DOI.
org/10.1016/j.pcrysgrow.2007.01.002.



 VOLUME 6, Issue 2, 2019
58

Iraqi Division of the IADR

ISSN 2310-6417

Dr.Rula M. labeeb & Dr. Nadia T. Jaffer

Tuncer N, Tufenkcioglu HB, Calikkocaoglu S. (1993). Investigation on the compressive 
strength of several gypsum products dried by microwave oven with different pro-
grams. J Prosthet Dent 6: 333-339. DOI: 10.1016/0022-3913(93)90116-6.

Won and John B. (2012). Effect of Time on Gypsum-Impression Material Compatibility. 
Loma Linda University Electronic Theses, Dissertations & Projects. 106. 


