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Abstract 
Background: Gypsum materials are frequently utilized in dental technology. 
Dental plaster is one of these products that is mainly used to produce dental 
casts and mounting purposes. Although the cost of dental plaster is very low, 
their inferior compressive strength, low abrasion resistance and dimensional 
instability restricted their usage as primary and working casts. The inclusion 
of different fillers in gypsum products could play an important role in 
improving their performance.  
Aim: The aim of this study was to evaluate the physical properties of dental 
plaster incorporated with various concentrations of Marble powder (MP). 
Methodology: Gypsum composites were prepared by incorporating 1.0, 3.0, 
6.0 and 9.0 wt.% of MP. The neat plaster/mixture comprised the control 
group. The prepared gypsum composites samples were characterized in 
comparison with the control group. The density, porosity and fluidity of dental 
MP/plaster samples were investigated. The correlation between density and 
fluidity was also conducted.  
Results: The gypsum composite samples displayed a higher density of 47% 
than the control group. However, a remarkable decrease in porosity level was 
observed as MP content increased. Significant improvements in the fluidity of 
the dental plaster after impregnating MP filler (p<0.05) whereas there is no 
significant correlation between density and fluidity of gypsum composites 
(p>0.05).  
Conclusion: The concentration of MP in dental plaster is proportional to the 
density and fluidity of the material and inversely proportional to its porosity. 
Keywords: Dental gypsum, Fluidity, Porosity, Marble powder. 

1. Introduction 

Gypsum products are one of the most important substances 
utilized in dental technology. Duplication of the patient’s 
mouth is frequently performed by generating gypsum casts 
to facilitate treatment planning, documentation, and 
construction of prosthodontic restorations [1]. As stated by 
American Dental Association (ADA), gypsum products are 
categorized into five different types: impression plaster 
(type I), dental plaster (type II), dental stone (type III), high-
strength dental stone (type IV), and high-strength and high 
expansion dental stone (type V). These materials have a 
similar chemical composition (CaSO4.1/2 H2O), but 
mechanical and physical characteristics differ due to 
differences in particle shape, size, and porosity [2, 3].  
  
Dental plaster exhibits low strength, poor dimensional 
stability, and lower cost compared to other gypsum 
products [4]. This material is employed to generate study 
casts for diagnosing and designing the restorations. The 
working cast should be made from a material that exhibits 
high strength, better surface hardness, low porosity, and 
good dimensional stability [1]. Such characteristics are 
prerequisites for promoting the material’s ability to resist 
carving force and scratching, as well as inferior compressive 
strength [3]. Therefore, developing plaster with enhanced 
properties to substitute existing traditional material is 
required. The addition of various additives to gypsum 
products could play an important role in improving their 

performance. A previous work [5] reported that the 
compressive strength of plaster material is remarkably 
enhanced by impregnating chopped carbon fibres. Hamdy et 
al. [1] found that adding 10% nano alumina to dental plaster 
enhanced the surface hardness and compressive strength 
significantly. Furthermore, nano silica impregnation 
resulted in increased surface hardness and decreased 
surface roughness, with no change in compressive strength 
[6, 7]. As a result, integrating fillers and nanoparticles into 
dental gypsums can improve their performance, which 
provided an excellent reference for the clinical preparation 
of high-precision dental prostheses [8]. 

 
Marble powder (MP), as a class of ceramic material, consists 
mainly of calcium carbonate (CaCO3), with several other 
oxides [9]. This material could be used as a filler for 
producing gypsum composites. MP is obtained as waste 
material during the mining or cutting process of marble 
stone. According to one estimate, 25% of handled marble 
turns into powder [10]. These by-products are found in the 
environment and contribute to pollution [11, 12]. The usage 
of MP decreases the cost of the production of gypsum 
material and reduces the costs of eliminating it from the 
environment [13]. The behavior of polymer composites 
reinforced with waste MP was investigated in recent works 
[9, 12]. The polymer composite materials with increased 
qualities have been postulated, while the reprocessing of MP 
is expected to reduce construction production costs.   
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Polymer composites filled with MP were reported to have 
increased compressive strength, impact strength, and 
surface hardness by numerous studies [10, 14]. In the 
present work, MP was introduced as a new dental filler as 
its use has not been documented in dental literature 
according to the authors’ knowledge. Therefore, the present 
work aimed to prepare dental gypsum composites loaded 
with various concentrations of waste MP and investigated 
their effect on physical properties such as density, porosity, 
and fluidity. 
 

2. Materials and methods 

The various MP and dental plaster ratios used for sample 
preparation are shown in Table 1. The traditional dental 
plaster samples (control) were fabricated by blending 
dental gypsum (Dental plaster, type II) with water with a 
ratio of 0.5 [4]. Gypsum powder is weighed and manually 
mixed with measured water using a rounded blade spatula 
in a rubber bowl as per the manufacturer’s 
recommendations to reach a homogeneous and smooth 
mixture, preventing conceivable air bubbles. During the 
mixing, the bowl was jolted to facilitate wetting and escape 
of entrapped air. Then, the mixture was poured into plastic 
molds laid on a vibrator (Degussa Vibrator, R2, Germany). 
 

Table 1. Formulation of the samples employed in the current 
study 

Formulation Plaster (g) MP (g) Water (ml) 
Unmodified Plaster 100 0 50 
1.0 wt% MP/plaster 99 1 50 
3.0 wt% MP/plaster 97 3 50 
6.0 wt% MP/plaster 94 6 50 
9.0 wt% MP/plaster 91 9 50 

 
For dental plaster composite groups, MP (Figure 1) was 
placed in an oven at 40±2°C for 24 hours to avoid any 
potential moisture. Then, the dried MP was manually 
incorporated into the conventional dental plaster powder 
before water mixing. Four concentrations (1.0, 3.0, 6.0, 9.0 
wt.%) of MP filler were prepared and investigated [14]. The 
mixing procedures were repeated as performed with the 
control group.  
 
2.1.  Density determination 
Cylinder-shaped samples (25×30 mm, diameter and high, 
respectively; Figure 2) of each ratio of dental plaster were 
made utilizing plastic containers at ambient temperature. 
The samples were ejected from the container after 30 min 
from the beginning of blending. The samples were then 
weighed with a digital balance (ME204E, Mettler Toledo, 
USA) and considered as a reference. An hour after the 
blending commenced, the specimen weights were taken 
once more. The samples density was determined by the 
weight of the sample divided by the volume of the sample. A 
digital calliper was used to measure the exact dimensions 
(length and diameter) of the samples. Five samples were 
prepared and examined for each concentration. 
 
2.2.  Porosity assessment 
Samples used in density evaluation were employed for 
porosity determination. The weight of each sample was 
taken in air and water. The samples were soaked in water 
until a constant weight is reached. Five specimens for each 
formulation were decided to compute the porosity percent 
using the following equation [15]: 

P =
𝑊𝑎−𝑊𝑑

𝑊𝑎−𝑊𝑤
 × 100                                                                       (1) 

 

Where: P is apparent porosity; Wa denotes the weight of the 
saturated sample (g) in air, Wd represents the weight of the 
sample (g) before water immersion, Ww indicates specimen 
weight (g) in water. 
 

2.3.  Fluidity determination 
The fluidity test was applied in accordance with ISO 6873. A 
tubular plastic container (35×50 mm, diameter, and height, 
respectively) was positioned on a glass plate. The mixture 
was poured into the mold until the blended plaster settled 
down and flushed from the mold. After that, the container 
was slowly raised upright from the plate allowing the 
mixture to extend over the glass plate. The major and minor 
diameters of the plaster samples were recorded after one 
minute of elevating the mold. Fluidity was measured after 
one minute from the beginning of blending. The mean of the 
diameters was set as the samples’ fluidity. Five samples 
were made and tested for each ratio. 
 

2.4.  Statistical analysis 
The obtained data were subjected to statistical analysis 
using SPSS version 22. The one-way analysis of variance 
(ANOVA) was applied to determine the differences among 
the examined groups followed by Tukey’s post hoc test. The 
statistical significance was considered at p < 0.05. 
 

      

3. Results  

The densities of unmodified dental plaster and MP/plaster 
composites are shown in Table 2. The modified gypsum 
composites exhibited greater density than the unmodified 
plaster (p<0.001). The post hoc test for the density values is 
presented in Table 3. For the MP/plaster composites, the 
density of the modified plaster is directly increased as the 
MP content is raised. In the highest level of MP, the density 
was enhanced by 47%.  
 

Table 2.  Effect of MP content on the density of the dental 
plaster composites compared with the neat dental plaster 

Formulations n Density (ρc) 
(g/cm3) 

Increase in 
density (%) 

p 

Unmodified 
plaster 

5 0.95 ± 0.08 0 - 

Plaster + MP 
1.0wt.% 

5 1.13 ± 0.05 19 0.001 

Plaster + MP 
3.0wt.% 

5 1.28 ± 0.06 35 <0.001 

Plaster + MP 
6.0wt.% 

5 1.35 ± 0.04 42 <0.001 

Plaster + MP 
9.0wt.% 

5 1.4 ± 0.03 47 <0.001 

Figure 1. Marble powder (MP) used in sample preparation. 

Figure 2. Gypsum samples used in this study 
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The porosity level of the experimented materials was 
presented in Figure 3. The porosity was decreased with an 
increase in the MP concentration. unmodified dental plaster 
revealed the highest porosity 22.9±3.07%, whereas 
MP/plaster composites exhibited lower porosity 
percentages; 20.4±2.88 % (p>0.05), 19.6±2.14 % (p>0.05), 
18.7±1.25 % (p>0.05) and 16.5±1.59 % (p<0.05) at various 
MP filler loadings; 1.0, 3.0, 6.0 and 9.0 wt.% respectively. 
The porosity is significantly decreased by 39% at the highest 
ratio of MP (p=0.002). Statistical analysis of porosity data 
was depicted in Table 4.  
 
The fluidity data of the dental plaster materials were 
presented in Figure 4. The results showed statistically 

significant differences in fluidity among the tested dental 
plaster groups (p<0.05). The fluidities of the experimented 
plaster samples were 41.1±0.79 mm, 41.81±1.45 mm 
(p>0.05), 42.58±0.73 mm (p>0.05), 45.05±2.12 mm 
(p<0.001) and 46.26±1.68 mm (p<0.05) when 0.0, 1.0, 3.0, 
6.0 and 9.0 wt.% of MP were incorporated respectively. The 
fluidities comparison results between the unmodified and 
modified dental plaster were displayed in Table 5. The 
relationships between density and fluidity of gypsum 
materials are shown in Figure 5. Statistically, there was an 
insignificant correlation between density and fluidity of 
gypsum composites (p>0.05). 
 

 
 

Table 3. Post hoc analysis for the comparison of densities of the tested dental plaster samples 
Materials Mean Difference Std. error p-value 95% Confidence Interval 

Lower Bound Upper Bound 

Unmodified 
Plaster 

Plaster + 1.0%MP 0.16000* 0.03393 0.001 0.2615 0.0585 
Plaster + 3.0%MP 0.30600* 0.03393 <0.001 0.4075 0.2045 
Plaster + 6.0%MP 0.37600* 0.03393 <0.001 0.4775 0.2745 
Plaster + 9.0%MP 0.42200* 0.03393 <0.001 0.5235 0.3205 

* The mean difference is significant at the 0.05 level. 

 
 

Table 4. Post hoc analysis for the comparison of porosity levels between the unmodified and modified dental plasters 
Materials Mean Difference Std. error p-value 95% Confidence Interval 

Lower Bound Upper Bound 

Unmodified 
Plaster 

Plaster + 1.0%MP 2.50000 1.45437 0.445 1.8520 6.8520 
Plaster + 3.0%MP 3.30000 1.45437 0.196 1.0520 7.6520 
Plaster + 6.0%MP 4.20000 1.45437 0.062 0.1520 8.5520 
Plaster + 9.0%MP 6.40000* 1.45437 0.002 2.0480 10.7520 

* The mean difference is significant at the 0.05 level. 

 
 

Table 5. Post hoc analysis for the comparison of fluidity between the unmodified and modified dental plasters 
Materials Mean Difference Std. error p-value 95% Confidence Interval 

Lower Bound Upper Bound 

Unmodified 
Plaster 

Plaster + 1.0%MP 0.70800 0.91867 0.936 3.4570 2.0410 
Plaster + 3.0%MP 1.67000 0.91867 0.391 4.4190 1.0790 
Plaster + 6.0%MP 3.95000* 0.91867 0.003 6.6990 1.2010 
Plaster + 9.0%MP 5.15000* 0.91867 0.000 7.8990 2.4010 

* The mean difference is significant at the 0.05 level. 
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Figure 3. Porosities of unmodified plaster and plaster 
composites. 

  

Figure 4. Effect of filler content on the fluidity of MP/plaster 
composites. 
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4. Discussion 

4.1.  Density evaluation   
Density is a critical physical property of dental gypsum 
materials. During the setting, gypsum materials undergo 
dimensional alternations. These changes could mostly be 
due to an increase in the number and size of gypsum 
crystals. As a result, crystals entanglements occur and 
propel as opposed to each other, leading to an “outward 
thrust action”. The crystals would conquer a greater site 
volume, thus producing an expansion. Furthermore, the 
outward thrust action generates internal porosities in the 
set material [16].  The improvement in density could be 
attributed to the presence of the high density of the filler 
(i.e., 2.69 g/cm3) in the gypsum materials. Furthermore, the 
MP particles would reduce the gaps among the gypsum 
grains thus improving the strength [17]. This finding was in 
agreement with the previous outcomes that the density of 
gypsum composites was linearly related to the increase in 
filler level. The additive particles tend to fill the interstitial 
gaps between the gypsum grains leading to the increase in 
the weight without increasing the volume, thus increasing 
the bulk density [18]. Therefore, the Production of more 
dense plaster composites could lead to improvements in 
mechanical properties [19]. Aljbouri et al. [6] reported that 
the small-sized filler particles and their great surface area 
result in decreasing surface tension, and improving the 
wettability of dental gypsum to the water. The solubility rate 
of the dental gypsum will be raised, consequently, a higher 
rate of crystallization will take place. Therefore, the porosity 
of dental gypsum reduces, thereby constraining the cracking 
propagation and dimensional alternations in the dental 
gypsum cast, which enhances the hardness and the 
dimensional alterations. 
 
4.2.  Porosity   
The mechanical properties of the gypsum products depend 
on the number of porosities in the mass. The more the 
porosities the weaker will be the structures. In the present 
study, unmodified plaster showed the highest level of 
porosities compared to modified groups (Figure 3). This 
behavior could be due to the irregular forms of the plaster 
particles, which inhibit them to fit firmly [20]. In addition, 
the incorporation of MP considerably decreased the 
porosity of gypsum composites, which exerted a favourable 
influence on the characteristics of the resultant gypsum 
materials. This outcome was in agreement with the density 
data of the experimented samples. For dental plaster, it was 
assumed that higher density is escorted by less porosity [17, 
18]. Similar findings were observed by Khalil AA et al. [21], 
who found that the porosity of the neat plaster is reduced by 
impregnating rice husk filler. This behavior was attributed 
to sealing the interstices among the plaster grains by the 
added filler, thus lowering the pores. 

4.3.  Fluidity 
The plaster mix should exhibit adequate flow to reproduce 
the complete details of the impression accurately. In the 
present study, a considerable increase in fluidity was 
observed as the content of MP is raised (Figure 4), and this 
behavior could be attributed to reducing the plaster content 
as the MP ratios are increased with a stable amount of water 
in the gypsum composites. The inclusion of the fillers causes 
a reduction of the gypsum level, therefore, less amount of 
water is needed [19]. The reduction in plaster amount could 

lead to lowering the reactivity of MP/plaster samples to 
water compared to unmodified plaster samples, thereby 
increasing the fluidity. In other words, 9.0% reduced the 
gypsum concentration to be 91% instead of 100%, which 
requires about 45 ml of water as fluidity for gypsum 
composite material rather than 50%. Consequently, the 
filler would lead to a slight increase in the fluidity of the 
composite due to the progressive amount of water applied 
for wetting the particles of the impregnated filler. The 
variation between the established consistency (50%) and 
the estimated level of water for consistency (45%) will 
remain free in the composite materials to be utilized for 
wetting the filler particles [21]. Higher concentrations of the 
filler gradually improved the fluidity of the resultant 
composite materials. These outcomes were in agreement 
with the finding of a previous work which concluded that 
the greater reactivity of stone powder to water could result 
in decreasing fluidity of the stone mixture [17]. Rajab et al. 
[22] reported that the excessive water content, the long time 
for saturating the solution due to fewer nuclei of 
crystallization. Furthermore, it is well-known that 
alterations in the W/P ratios have a significant impact on the 
physical and mechanical properties of gypsum materials 
[18, 22, 23]. 
 
 

 
 
 
 

4.4.  Correlation between density and fluidity 
As the density affects the mechanical properties, it could be 
correlated to other attributes such as fluidity. There was 
little information on gypsum fluidity and the effect of fillers 
on it. Figure 5 shows that when the filler amount increased, 
both properties improved noticeably. Despite the fact that 
the increased density of MP/plaster composites was 
attributed to the dense nature of the filler, the subsequent 
reduction in plaster content resulted in excellent fluidity 
despite the absence of an explicit MP effect. This indicates 
that there was no contact or bonding between MP and the 
plaster/water mixture, as well as a higher water/plaster 
ratio [6]. This behavior is in agreement with the hygroscopic 
attribute of dental gypsum, where excessive water requires 
sufficient surface tension to pull the crystals together [23]. 
Khalil et al., [21] on the other hand, found that the 
impregnation of ceramic or polymer additives reduced the 
fluidity of gypsum composites. This reduction can be due to 
their tiny particles functioning as a plasticizer, increasing 
the plasticity of the resulting paste and therefore lowering 
the amount of water needed to wet any of them. As a result, 
the kind of impregnated additives would have the greatest 
impact on such a relationship. 
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5. Conclusion 

The application of MP as a filler in dental gypsum 
composites was investigated in this pilot study. The 
modified plaster was successfully prepared using various 
filler ratios. As the MP content was increased, the density 
and fluidity improved. Lower porosity levels, on the other 
hand, were found to increase MP ratios. Such findings 
suggest that more research into the mechanical 
characteristics, setting time, and expansion of MP/gypsum 
composites should be conducted. 
 

Conflicts of interest: Authors declared no conflicts  
of interest. 

 
Financial support: None 
 

References 

1. Hamdy TM, Abdelnabi A, Abdelraouf RM. Reinforced dental 
plaster with low setting expansion and enhanced 
microhardness. Bull Natl Res Cent. 2020:1-7. 
https://doi.org/10.1186/s42269-020-00334-8. 

2. Hamdy TM. Effect of aluminum oxide addition on compressive 
strength, microhardness and setting expansion of dental 
plaster. Int J Adv Res. 2019;7(9):652-657. 
https://doi.org/10.21474/IJAR01/9711 

3. Queiroz ME, Santos Proença J, Fernando Ruiz Contreras E. 
Evaluation of the Physical-Mechanical Properties of Type IV 
Gypsum. J Health Sci. 2021;23(1):07-11. 
https://doi.org/10.17921/2447-8938.2021v23n1p07-11 

4. Manappallil JJ. Basic Dental Materials, Fourth ed. USA: Jaypee 
Medical Publishers (P) Ltd., 2016. 
https://doi.org/10.5005/jp/books/12669 

5. Al-Ridha ASD, Abbood AA, Al-Asadi LSM, Hussein HH, Dheyab 
LS. Effect of Adding Chopped Carbon Fiber (CCF) on the 
Improvement of Gypsum Plaster Characteristics. IOP Conf Ser: 
Mater Sci Eng. 2020;988:1-14. https://doi.org/10.1088/1757-
899X/988/1/012009 

6. Aljubori OM, Aljafery AMA, Al-Mussawi RM. Evaluation the 
Linear Dimensional Changes and Hardness of Gypsum Product 
/ Stone Type IV after Adding Silica Nanoparticles. Nano Biomed 
Eng. 2020;12(3):227-231. https://doi.org/10.5101/nbe.v12i3.p227-
231 

7. De Cesero L, de Oliveira EMN, Burnett Junior LH, Papaleo RM, 
Mota EG. The addition of silica nanoparticles on the mechanical 
properties of dental stone. J Prosthet Dent. 2017;118(4):535-
539. https://doi.org/10.1016/j.prosdent.2017.01.001 

8. Ma L, Xie Q, Evelina A, Long W, Ma C, Zhou F, et al. The Effect of 
Different Additives on the Hydration and Gelation Properties of 
Composite Dental Gypsum. Gels. 2021;7(3):1-14. 
https://doi.org/10.3390/gels7030117 

9. Lendvai L, Singh T, Fekete G, Patnaik A, Dogossy G. Utilization 
of Waste Marble Dust in Poly(Lactic Acid)-Based 
Biocomposites: Mechanical, Thermal and Wear Properties. J 
Polym Environ. 2021;29(9):2952-2963. 
https://doi.org/10.1007/s10924-021-02091-9 

10. Nayak SK, Satapathy A. Development and characterization of 
polymer-based composites filled with micro-sized waste 
marble dust. Polymers and Polymer Composites. 2020; 
29(5):497-508. https://doi.org/10.1177/0967391120926066 

11. Alyousef R, Benjeddou O, Khadimallah MA, Mohamed AM, 
Soussi C. Study of the Effects of Marble Powder Amount on the 
Self-Compacting Concretes Properties by Microstructure 
Analysis on Cement-Marble Powder Pastes. Adv Civ Eng. 
2018;2018:1-13. https://doi.org/10.1155/2018/6018613 

12. Kumar TN, Vikas B, Krishna MR, Jyothi Y, Imran Sk. 
Development of composite slabs of marble powder embedded 
epoxy resin. Mater Today: Proc. 2018;5(5):13031-13035. 
https://doi.org/10.1016/j.matpr.2018.02.289 

13. Seghir TN, Mellas M, Sadowski Ł, Krolicka A, Żak A, Ostrowski 
K. The Utilization of Waste Marble Dust as a Cement 
Replacement in Air-Cured Mortar. Sustainability. 
2019;11(8):1-14. https://doi.org/10.3390/su11082215 

14. Kumar SR, Patnaik A, Bhat IK. Development and 
characterization of marble dust-filled dental composite. J 
Compos Mater. 2017;51(14):1997-2008. 
https://doi.org/10.1177/0021998316666334 

15. Makaratat N, Rukzon S, Chindaprasirt P. Effects of delay time 
and curing temperature on compressive strength and porosity 
of ground bottom ash geopolymer mortar. J Met Mater Miner. 
2021; 31(3):134-142.  

16. Michalakis KX, Asar NV, Kapsampeli V, Magkavali-Trikka P, 
Pissiotis AL, Hirayama H. Delayed linear dimensional changes 
of five high strength gypsum products used for the fabrication 
of definitive casts. J Prosthet Dent. 2012;108(3):189-195. 
https://doi.org/10.1016/S0022-3913(12)60146-2 

17. Nagasawa Y, Hibino Y, Shigeta H, Eda Y, Matsumoto S, Nakajima 
H. Characteristics of a new dental stone mixed by shaking. Dent 
Mater J. 2020;39(3):355-366. https://doi.org/10.4012/dmj.2018-
427 

18. AL-Ridha ASD, Abbood AA, Hussein HH. Improvement of 
Gypsum Properties Using S.F. Additive. Int J Sci Res. 
2017;6(8):504-509. 

19. Al-Hadad AS, Al-Huwaizi AF, Al-Huwaizi RF. The Surface 
Hardness Measurement of Stone and Improved Die Stone After 
the Addition of a Mixture of Chemical Additives with Different 
Proportion. J Bagh Coll Dent. 2018;30(1):1-4. 
https://doi.org/10.12816/0046303 

20. Denizoglu S, Yanikoglu N, Baydas B. The Linear Setting 
Expansions of the Dental Stone and Whose Initial Setting Times. 
Dent. 2015;05(06):1-5. https://doi.org/10.4172/2161-
1122.1000308 

21. Khalil AA, Tawfik A, Hegazy AA, El-Shahat MF. Effect of some 
waste additives on the physical and mechanical properties of 
gypsum plaster composites. Constr Build Mater. 2014;68:580-
586. https://doi.org/10.1016/j.conbuildmat.2014.06.081 

22. Rejab LT, Al-Hamdani SF, Mohammed Y. Evaluation of Some 
Physical Properties of Die Stone. Al-Rafidain Dent J. 
2012;12(2):309-315. 
https://doi.org/10.33899/rden.2012.65066 

23. Sheets J, Wee A, Simetich B, Beatty M. Effect of Water Dilution 
on Full-Arch Gypsum Implant Master Casts. Prosthesis. 
2020;2(4):266-276. 
https://doi.org/10.3390/prosthesis2040024 

 
 
 
 
 
 
 
 

 

How to cite this article:  Elshereksi NW, Alshabah BL, Abouod NM, Albahloul RK. Physical properties of dental plaster filled with marble powder: a pilot study. Int J Dent Mater. 2022;4(2):32-
36. http://dx.doi.org/10.37983/IJDM.2022.4202 

https://doi.org/10.1186/s42269-020-00334-8
https://doi.org/10.21474/IJAR01/9711
https://doi.org/10.17921/2447-8938.2021v23n1p07-11
https://doi.org/10.5005/jp/books/12669
https://doi.org/10.1088/1757-899X/988/1/012009
https://doi.org/10.1088/1757-899X/988/1/012009
https://doi.org/10.5101/nbe.v12i3.p227-231
https://doi.org/10.5101/nbe.v12i3.p227-231
https://doi.org/10.1016/j.prosdent.2017.01.001
https://doi.org/10.3390/gels7030117
https://doi.org/10.1007/s10924-021-02091-9
https://doi.org/10.1177/0967391120926066
https://doi.org/10.1155/2018/6018613
https://doi.org/10.1016/j.matpr.2018.02.289
https://doi.org/10.3390/su11082215
https://doi.org/10.1177/0021998316666334
https://doi.org/10.1016/S0022-3913(12)60146-2
https://doi.org/10.4012/dmj.2018-427
https://doi.org/10.4012/dmj.2018-427
https://doi.org/10.12816/0046303
https://doi.org/10.4172/2161-1122.1000308
https://doi.org/10.4172/2161-1122.1000308
https://doi.org/10.1016/j.conbuildmat.2014.06.081
https://doi.org/10.33899/rden.2012.65066
https://doi.org/10.3390/prosthesis2040024
http://dx.doi.org/10.37983/IJDM.2022.420

