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ABSTRACT 

The purpose with this in-vitro study is to examine the difference in marginal and 

internal gap width between bis-acryl composite resins (Luxatemp Fluorescence) and 

IPS Empress crowns. 

A maxillary left first phantom Frasaco molar tooth placed in a maxillary Frasaco model 

was prepared for an all-ceramic crown. 15 provisional Luxatemp crowns were made and 

silicon replicas of the intermediate space between the prepared tooth and the inside of 

the Luxatemp crowns were made to measure the internal and marginal gap width. The 

silicon replicas were divided into four pieces and the gap width was measured at 240 

points under microscope. The results were compared to data on internal and marginal 

gap width for an IPS Empress crown from a published study. 

The results of this present study showed a slight difference in marginal and internal gap 

width between the Luxatemp crowns and the IPS Empress crowns (control). The 

Luxatemp crowns have a slightly minor overall gap width than the IPS Empress crowns. 

The marginal and occlusal gap width was slightly wider for the Luxatemp crowns 

(205µm) than for the IPS Empress crowns (170µm).  

The conclusion of this study is that provisional materials made of bis-acryl composite 

resins give a marginal and internal fit that can be compared to the marginal and internal 

fit of an IPS Empress crown. 
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INTRODUCTION 

Provisional restorations have an important part in the fixed prosthodontic therapy and 

forms a logical end to a preparation sequence. It provides the patient with a restoration 

that protects the dental tissue, stabilizes the position of the abutment teeth and the 

gingival margin and allows a decent esthetic and function during the therapy. It is 

therefore important for the outcome of the prosthodontic therapy (Milleding, 2012). 

A prepared tooth is a weakened tissue that needs to be protected and stabilized. For this 

purpose, the provisional restorations must meet certain morphological, physiological 

and functional requirements such as protecting the underlying teeth tissue and 

surroundings essentially the dentine, pulp and gingiva. This is made possible by using 

biocompatible materials that fulfills interrelated mechanical and aesthetic aspects. The 

materials used must cope with certain fracture resistance, provide good marginal 

adaptation, color stabilization, and be cost effective (Balkenhol et al., 2007). 

There is a wide selection of provisional restorations and materials in the market today. 

The options ranges from metal shells and crowns too individualized more tooth-like 

provisional restorations. The direct method is when the provisional restorations are 

made by the dentist directly after the preparation while the indirect method often 

requires involvement of a dental technician and laboratory (Milleding, 2012). The 

provisional restorations that will be discussed in this study are the direct provisional 

restorations made of bis-acryl composite resin. 

Bis-acryl composite resins were introduced to the market late in 1990 as an alternative 

to the polymethyl methacrylate (PMMA),	with an aim to overcome the negatives of the 

methacrylate (Singh et al., 2016). Bis-acryl composite resins differ in physical and 

chemical characteristics compared to PMMA. They have a reduced polymerization 

shrinking and exothermic release also better color stability, higher abrasive resistance, 

lower marginal misfit and improved repair potential. They can be used with Automix 

syringes which makes them easier to handle and therefore reduces the treatment time 

(Schwantz et al., 2017). 

Provisional crowns are meant to sit a short period of time to provide protection and 

stability of the teeth before the final prosthodontic restoration is completed. Few studies 
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about the longevity of the provisional crowns are made today, therefore there is little 

information on how long a provisional crown last. Provisional restoration failure is 

usually caused by form deviation or inadequate preparations making the force 

distribution inappropriate which causes small fractures in the provisional structure. 

Provisional crowns fabricated from bis-acryl composite resins such as Luxatemp 

generally last for 3 months. These materials provide good esthetics, anatomy and color 

stability, but they lack sustainability under continuous and excessive occlusal load. 

Laboratory manufactured PMMA provisional restorations are meant to sit longer period 

than crowns fabricated of bis-acryl resins. These materials provide good mechanical and 

physical characteristics such as high flexural strength, polishability and marginal fit. 

PMMA restorations can be fabricated with heat processing which give them longer 

longevity and can last up to one year (Schwass et al., 2013). 

Aim 

Good marginal and internal adaptation is an important factor that a provisional material 

should provide to maintain and secure good health for the prepared dental tissues and 

surroundings. The aim with this in vitro study is to examine the marginal and internal fit 

of a provisional restoration made in immediate technique with a bis-acryl composite 

resin, Luxatemp Fluorescence, and compare the results to the fit of a laboratory 

manufactured all ceramic IPS Empress crown. 

Hypotheses: 

The alternative hypothesis was that the marginal and the internal gap between the tooth 

and the restoration in general, and on all measuring points, was wider for temporary 

Luxatemp crowns compared to permanent IPS Empress crowns. 

The null hypothesis was that there was no difference with respect to the above. 

 

METHODS AND MATERIALS 

The determination of the marginal and internal fit was made for 15 provisional crowns 

made of Luxatemp. The following method is the similar method used in a previously 
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published study (Tidehag et al., 2013). 

Before preparation, an addition-cured silicone putty impression (Flexitime Dynamix 

Putty, Batch number R010056) of a maxillary left first phantom Frasaco molar and the 

adjacent teeth (Frasaco GmbH, Tettnang, Germany) was taken using a sectional 

impression tray.  

The Frasaco molar tooth was prepared with a 1,5mm chamfer preparation all around for 

an all-ceramic crown (figure 1). Thereafter the putty impression was used to make 15 

provisional Luxatemp (Luxatemp Fluorescence, Batch number 773244) crowns 

according to the manufacturer’s instructions. The prepared molar and surroundings were 

dried and lubricated using Vaseline. The impression was filled with Luxatemp and was 

inserted over the prepared tooth and fixed in place using finger pressure over a 

measuring scale with a force of 800-900g. The provisional Luxatemp crown was 

removed after 3 minutes and could set for two more minutes before finishing with a 

diamond finishing bur. 

Replication of intermediate space 

The replication of the intermediate space between the internal surface of the provisional 

crowns and the prepared molar were made with an addition-cured silicone light-body 

impression material (3M Express 2 Light body, Batch number 36813). The provisional 

crowns were filled with the impression material and placed on the prepared tooth and 

fixed in place using finger pressure with a force of 800-900 gram on a measuring scale 

and was set for 3,5 minutes according to the manufacturer’s instructions. After the 

polymerization of the light-body silicone, the crown was removed, and a thin layer of 

the light-body material remained on the surface of the prepared tooth. The remaining 

layer was covered with an addition-cured medium-body silicone (Provil Novo Medium, 

Batch number 360024).  

Measuring gap widths 

The medium-body and light-body impression was removed in one piece after 

polymerization and was cut with a scalpel in mesiodistal and buccolingual direction. 

Each replica was divided into four pieces, and the gap width between the prepared tooth 
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and the provisional crown was easy to observe and measure because of the difference in 

color between the impression materials (purple and orange respectively) at a 20x 

magnification, using a Leitz UWM-DigS measuring microscope (Esselte Leitz GmbH & 

Co KG, Stuttgart, Germany) at 16 preselected locations on two halves of the divided 

replicas, which in total gave 240 measuring points. 

Evaluation of the accuracy of the measuring method 

To evaluate the accuracy of the measuring method, 2 silicone replica cuts, one in the 

mesiodistal direction and one in the buccolingual direction, were randomly selected 

using a random generator software application, Number generator random – dice, 

Version 2.1 (Mireia Lluch Ortola). Each site of the randomly selected silicone cuts was 

remeasured five times, which in total gave 80 measuring values. The mean difference 

between the measured value and the mean value of all control measurements was 5,09 

µm. The precision of the measured values was considered to be high, thus the 

measuring method was considered reliable. 

Statistical analysis 

The data of the gap width between the Luxatemp crowns and the prepared tooth were 

analyzed in SPSS by descriptives: mean ± SD (µm), median (µm), min-max (µm) and 

95% CI (lower and upper). The results were compared to the data from a previous 

mentioned study (Tidehag et al., 2013). In that study a hot-pressed leucite-reinforced 

glass-ceramic IPS Empress crown was chosen as the reference, therefore this study 

chooses to use it as the reference too. 

Literature search 

The literature search was conducted in PubMed, with the help of a librarian at the 

Medical Library of Umea University. The following Mesh terms were used: Dental 

Marginal Adaptation, Protemp, Dental Restorations, Temporary, Dental impression 

materials, Composite Resins, Dental crowns, Hardness. Some information was also 

taken from textbooks in the actual area. 
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Ethical considerations 

The ethical examining was approved by the ethics board of the institution for 

Odontology, at Umea University. There was no direct ethical consideration regarding 

humans or animals because the study was performed using a phantom tooth placed in a 

phantom scull and did not include personal journals or any personal data. On the other 

hand, the result of the study can indirectly have an impact on patients due to the 

conclusion we make in this study. The result shows that temporary Luxatemp crowns 

show a marginal and internal fit compared to the marginal and internal fit of laboratory 

manufactured IPS Empress crowns. Thus, such intermediary restorations can be used on 

patients during the prosthodontic treatment without risking the patient’s oral health, e.g. 

increasing the risk for development of carious lesions, provided they are fabricated 

according to the manufacturer’s instructions.  

 

RESULTS 

The results and comparison of the marginal and internal fit between the Luxatemp and 

Empress crown (control) are presented in table 1. 

Section A in table 1 is a summary of the results of all measuring points, A-H in figure 

2a and I-P in figure 2b. The Empress crowns showed a slightly wider overall all gap 

width than the Luxatemp crowns at.   

Section B is a summary of the results of the marginal measuring points, A, H, I and P in 

figure 2a and 2b. The marginal gap width is slightly wider for the Luxatemp crowns 

than for the Empress crowns. 

Section C is a summary of the results of the proximal measuring points, B, G, J and O in 

figure 2a and 2b. The proximal gap width is wider for the Empress crowns than for the 

Luxatemp crowns.  

Section D is a summary of the results of the Proximal-occlusal measuring points, C, F, 

K and N in figure 2a and 2b. The proximal-occlusal gap width is wider for the Empress 

crowns than for the Luxatemp crowns. 
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Section E is a summary of the results of the occlusal measuring points, D, E, L, M in 

figure 2a and 2b. The occlusal gap width is slightly wider for the Luxatemp crowns than 

for the Empress crowns. 

The data in table 2 shows the difference in the gap width between the Luxatemp crowns 

according to the direction of the cut, mesiodistal and buccolingual. The biggest 

difference was in the proximal sites, where the gap width was significantly wider in the 

mesial-lingual cut than the buccolingual cut compared to the other sites. 

 

DISCUSSION 

The aim of this study was to determine the marginal and internal fit of a provisional 

crown made of bis-acryl composite resin and compare that to the marginal and internal 

fit of a laboratory made IPS Empress crown. The selection of the Luxatemp material 

was due to its regular use in dental offices in Sweden. The selection of the IPS Empress 

crown as a reference was due to its long time of clinical use and experience (Tidehag et 

al., 2013).  

The method used to replicate the intermediate space was using polyvinyl siloxane 

addition-cured silicone, as this technique have been determent as generally accepted and 

reliable (Tidehag et al., 2013). Due to the use of finger pressure while making the 

silicone replicas, it should be mentioned that the chances of differing forces could have 

taken place during the making and cementation of the Luxatemp crowns. To minimize 

different force application, a measuring scale was used under the procedure of making 

and cementation of the Luxatemp crowns. It should also be noted that the replicas were 

cut into four pieces using a scalpel and eye estimation, which could also give difference 

in the cut directions and locations of the measuring points. A groove was made on the 

occlusal surface of the prepared tooth in the mesiodistal direction to serve as a guide 

while cutting the silicone replicas in the mesiodistal direction.  

The results of this present study show a slight difference in marginal and internal gap 

width between the Luxatemp crowns and the IPS Empress crowns (control). The 

Luxatemp crowns has a slightly minor overall gap width than the IPS empress crowns 
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(control), 162µm for the Luxatemp crowns versus 183µm for the IPS Empress crowns, 

shown in table 1. The marginal and occlusal gap width was slightly wider for the 

Luxatemp crowns (205µm) than for the IPS Empress crowns (170µm). This site is 

meant to play a crucial role during the therapy with the fixed prosthodontic restoration 

because of risk for micro leakage.  

The fit of a prosthodontic restoration varies and depends on the materials used, what is 

the most satisfying marginal gap width can be discussed. Mclean et al. indicates that a 

marginal fit of 120 µm is the upper acceptable limit in clinical contexts.  The wider the 

gap width is, the greater risk of microleakage, increased plaque accumulation, 

secondary caries and cement dissolution (Mclean et al., 1971). The Luxatemp crowns 

showed a marginal gap width of 205 µm, which is a bit high, but acceptable for short-

term use.  

Microleakage is associated with the cause of secondary caries and periodontal diseases 

of the restored teeth due to plaque accumulation and is the main reason for replacement 

of restorations or extractions of restored teeth. The size of microleakage depends on the 

marginal fit of the restorative crown and the type of cement used for cementation of the 

restoration (Rossetti et al., 2008). Marginal misfit is associated with dimensional 

changes caused by mechanical stress, thermal and polymerization shrinkage and 

absorption of water, these factors combined with weak cement create an optimal 

prerequisite for micro-leakage. The definition of microleakage is “… as leakage of 

minute amounts of fluids, debris, and microorganisms through the microscopic space 

between a dental restoration or its cement and the adjacent surface of the cavity 

preparation.” (Arora et al., 2016). 

The key for successful restorative prosthodontics depends on multiple factors, one 

important key factor is the type of cement used for cementation. Different types of 

cement can be used depending on different factors such as the provisional material used, 

the time required for giving the abutments an adequate protection and the marginal 

location (sub or supra gingival). Provisional cements must fulfill certain mechanical and 

chemical properties such as bacterial penetration prevention, solubility and dissolution 
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resistance, further it should be easy to remove the restorations when needed (Baldissara 

et al., 1998). 

Micro leakage can be caused by cement dissolution, mechanical failure and shrinking of 

luting agent and the amount of fluid exposure of the margin for different amount of oral 

fluids and bacteria in the mouth (Arora et al., 2016). 

Luxatemp fall under the category of composite based resin materials and consist of an 

inorganic filler system and an organic resin system. The organic resin system is the 

matrix where other components are dissolved, and it accounts for about 60% of the bis-

acrylic paste, however the filler system account for about 40% of the bis-acrylic paste 

and is made of methacrylate monomers that varies in size, form and shape and can be 

fabricated as fine partials or microfine, the variation on particle form and size can be 

manipulated to give the material some certain mechanical and chemical properties.  

Bis-acryl resins are fabricated with particle filling load and divinyl monomers which 

give them characteristic properties, their structure helps to reduce the polymerization 

shrinkage and exothermic release and gives the material better color stability than 

PMMAs, further the automix syringes provides time and cost effectiveness for the user. 

Other advantages for using bis-acryl resins is their high aesthetic and abrasive 

resistance, less marginal misfit and monomer elution, despite the possibility of dual 

polymerization according to studies and manufactures (Schwantz et al., 2017). 

A bigger difference could be noted between the proximal and proximal-occlusal gap 

widths.  The Luxatemp crowns showed minor gap width than the IPS Empress crowns 

as shown in Table 1 section C and D. These differences could depend on the difference 

in the making of the different crowns. The Luxatemp crowns are made with the 

immediate technique where the Luxatemp material is inserted in the putty-impression 

and put and fixed in place on the prepared tooth using finger pressure. That could lead 

to a different application of the force, especially in the buccolingual direction where the 

putty impression material is more flexible. That could also explain the big difference in 

the gap width on the proximal site between the mesiodistal cut and buccolingual cut 

direction as shown in Table 2, section B. 
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What could be noticed when comparing the average gap widths was that there was a 

bigger difference in the gap widths at different locations in the Luxatemp crowns than 

the IPS Empress crowns which had a more consistent spread of the gap width at 

different locations. That could affect the spreading of the cement in a not equal pattern 

which could affect the strength of the temporary crown in a negative way.  

Provisional restorations made with the direct technique such as bis-acryl composite 

resins and PMMA often make a good short-time temporary restoration. As previously 

mentioned, they have good aesthetics, wear resistance and are polishable, but lack 

strength to resist breakage under continuous occlusal load, why the general operating 

time is usually up to 3 months. On the other hand, indirect manufactured, heat processed 

PMMA materials have better flexural strength and colour stability and good marginal fit 

which makes them more suitable for longer use time, up to 1 year, and long span fixed 

prosthodontic provisional restorations (Schwass et al., 2013). 

Conclusion 

The null hypothesis was rejected, since at some measuring points the temporary crowns 

displayed at tighter fit than the permanent crowns, while at other points the results were 

reversed. At the same time, the working hypothesis was incomplete since the 

assumption was that the temporary crowns in general would display an overall inferior 

fit. as well. The Luxatemp crowns showed and overall smaller gap width than the IPS 

Empress crowns (control), the overall gap width difference was measured to 21µm. On 

the marginal measuring points the IPS Empress crowns (control) had a small gap width 

than the Luxatemp crown, the difference was measured to 35µm. All this included, 

there were no significant differences in the gap widths between the two tested groups 

that could make any clinical issue. The Luxatemp crowns showed acceptable marginal 

and internal fit, and would make an good provisional restoration, but it should be 

mentioned that the provisional materials lack in flexural strength and breakage 

resistance under continuous occlusal loading forces and should only be used in short 

term context, usually up to 3 months. 

 

 



	 12	

Acknowledgements 

We would like to thank Goran Sjogren, Professor of Odontological Material Science, at 

Umea University, Anders Esberg, research Engineer, at Umea University and the staff 

at the department of Odontological Material Science for providing the materials needed 

and access to the microscope. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 13	

 

REFERENCES 

Arora SJ, Arora A, Upadhyaya V, Jain S (2016). Comparative evaluation of marginal 

leakage of provisional crowns cemented with different temporary luting cements: In 

vitro study. J Indian Prosthodont Soc 16:42-8. 

Baldissara P, Comin G, Martone F, Scotti R (1998). Comparative study of the marginal 

microleakage of six cements in fixed provisional crowns. J Prosthet Dent 80:417–22. 

Balkenhol M, Ferger P, Mautner MC, Wöstmann B (2007). Provisional crown and fixed 

partial denture materials: mechanical properties and degree of conversion. Dent Mater 

23:1574–83. 

Givens Jr EJ, Neiva G, Yaman P, Dennison JB (2008). Marginal adaptation and color 

stability of four provisional materials. J Prosthodont 17:97-101. 

McLean JW, von Fraunhofer JA (1971). The estimation of cement film thickness by an 

in vivo technique. Br Dent J  62: 405-408. 

Milleding P (2012). Preparations for Fixed Prosthodontics. Munskgaard Denmark.9 

Rossetti PHO, Valle do AL, Carvalho RM, Goes MF, Pegoraro LF (2008). Correlation 

between margin fit and microleakage in complete crowns cemented with three luting 

agents. J Appl Oral Sci 16:64-9. 

Schwass DR, Lyons KM, Purton DG (2013). How long will it last? The expected 

longevity of prosthodontic and restorative treatment. N Z Dent J 109:98–105. 



	 14	

Schwantz JK, Oliveira-Ogliari A, Meereis CT, Leal FB, Ogliari FA, Moraes RR (2017). 

Characterization of Bis-Acryl Composite Resins for Provisional Restorations. Braz. 

Dent. J. vol.28 no.3 Ribeirão Preto.  

Singh A, Garg S (2016). Comparative Evaluation of Flexural Strength of Provisional 

Crown and Bridge Materials-An Invitro Study. J Clin Diagn Res 10(8):72–7. 

Tidehag P, Ottosson K, Sjögren G (2014). Accuracy of Ceramic Restorations 

Made Using an In-office Optical Scanning Technique: An In Vitro Study. Oper Dent 

39:308-16. 

 

 

 

 

 

 

 

 

 



	 15	

 

Figure 1 shows the prepared Frasaco upper right first molar tooth. On the occlusal 

surface, you can see the prepared groove. 
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Figure 2 illustrates the different measuring points in the addition silicone replicas as 

seen under microscope at a 20x magnification. Darker shade equals the light body and 

brighter shade equals the medium body. Figure 2a: mesiodistal cut, 2b: buccolingual 

cut. 
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Table	1:	Summary	of	Gap	Widths	at	different	Measuring	Points		
		 Empress	 Luxatemp		
A.	All	measuring	points	(µm)		 (n=342	measuring	points)	 (n=240	measuring	points)	
Mean	±	SD	 183±90	 162±108	
Minimum	 0	 0	
Maximum	 597	 845	
Median	 177	 139	
95%	CI	 		 		
Lower	 174	 148	
Upper	 193	 175	
B.	Marginal	measuring	points	(µm)	 (n=72	measuring	points)	 (n=60	measuring	points)	
Mean	±	SD	 						170±94	 		205±154	
Minimum	 0	 0	
Maximum	 398	 845	
Median	 145	 171	
95%	CI	 		 		
Lower	 148	 165	
Upper	 192	 245	
C.	Proximal	measuring	points	(µm)	 (n=72	measuring	points)	 (n=60	measuring	points)	
Mean	±	SD	 						141±75	 					91±50	
Minimum	 0	 0	
Maximum	 367	 375	
Median	 121	 87	
95%	CI	 		 		
Lower	 124	 78	
Upper	 159	 104	
D.	Proximal-occlusal	measuring	points	(µm)	 (n=72	measuring	points)	 (n=60	measuring	points)	
Mean	±	SD	 				210±116	 					132±56	
Minimum	 60	 20	
Maximum	 597	 338	
Median	 188	 134	
95%	CI	 		 		
Lower	 183	 117	
Upper	 237	 146	
E.	Occlusal	measuring	points	(µm)	 (n=126	measuring	points)	 (n=60	measuring	points)	
Mean	±	SD	 						200±65	 					218±83	
Minimum	 75	 113	
Maximum	 359	 515	
Median	 205	 199	
95%	CI	 		 		
Lower	 189	 197	
Upper	 212	 240	
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Table	2:	Summary	of	Gap	Widths	at	different	Measuring	Points	in	mesiodistal	and	buccolingual	cut	

direction	of	the	silicone	replicas	of	the	Luxatemp	crowns	

	 Luxatemp	(mesiodistal)	 Luxatemp	(buccolingual)	

A.	Marginal	measuring	points	(µm)	 (n=30	measuring	points)	 (n=30	measuring	points)	

Mean	±	SD	 202±170	 208±140	

Minimum	 0	 0	

Maximum	 845	 572	

Median	 168	 187	

95%	CI	 	 	

Lower	 139	 156	

Upper	 265	 260	

B.	Proximal	measuring	points	(µm)	 (n=30	measuring	points)	 (n=30	measuring	points)	

Mean	±	SD	 115±57	 67±25	

Minimum	 41	 0	

Maximum	 375	 98	

Median	 108	 72	

95%	CI	 	 	

Lower	 94	 58	

Upper	 136	 77	

C.	Proximal-occlusal	measuring	points	(µm)	 (n=30	measuring	points)	 (n=30	measuring	points)	

Mean	±	SD	 125±55	 139±56	

Minimum	 20	 24	

Maximum	 259	 338	

Median	 118	 138	

95%	CI	 	 	

Lower	 104	 118	

Upper	 145	 160	

D.	Occlusal	measuring	points	(µm)	 (n=30	measuring	points)	 (n=30	measuring	points)	

Mean	±	SD	 211±76	 226±90	

Minimum	 129	 113	

Maximum	 466	 515	

Median	 196	 216	

95%	CI	 	 	

Lower	 183	 192	

Upper	 240	 260	
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