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Aim: To evaluate the marginal adaptation of provisional crowns 
made of acrylic and bisacrylic resins using different impression 
materials. Methods: a metal die and a matrix applied through 
a direct technique were used to fabricate the specimens. The 
impression materials used as a matrix were divided into four 
groups: Irreversible hydrocolloid (IH), laboratory silicone (LS), 
condensation silicone (CS), and addition silicone (AS). After 
the impression procedures, each matrix was loaded with the 
provisional prosthetic materials, Alike, Duralay, Protemp 4, 
and Structur 3 (n = 12). Marginal discrepancy was evaluated 
using a stereomicroscope at  ×45 magnification. The images 
obtained were transferred to the Corel Draw X7 program, and 
the distances from the cervical margins of the specimen to 
the reference lines at the metal die were measured vertically. 
The data were analyzed by using 2-way ANOVA followed by 
the Tukey test (α=.05). Results: the acrylic resins had higher 
values of marginal discrepancy compared to the bisacrylic 
resins. A statistically significant difference was found between 
all impression materials, and the irreversible hydrocolloid 
presented higher values of discrepancy (303.28–613.31 μm), 
whereas addition silicone had the lowest (48.61–190.06 
μm). Conclusions: the bisacrylic resins had a better marginal 
adaptation compared to the acrylic resins. The addition silicone 
promoted a better marginal adaptation of the provisional 
prosthetic materials tested, followed by condensation silicone, 
laboratory silicone, and irreversible hydrocolloid. 

Keywords: Dental marginal adaptation. Dental restoration, 
temporary. Dental impression materials. 
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Introduction

Temporary prostheses are needed to maintain gingival health, prevent the migration 
of abutment teeth, establish oclusal contact, and provide esthetic value during treat-
ment. They also provide professionals with a prognosis as to the success of the final 
restoration in terms of its aesthetic and functional aspects1,2. Therefore, the exclusion 
or negligence of this step can lead to a failure of the final treatment3. 

A marginal adaptation is one of the fundamental requirements of a fixed prosthesis 
because a poor marginal fit allows the formation of a gap between the restorative 
material and the prepared tooth1. Open marginal configurations encourage the micro-
leakage of bacteria and their by-products owing to the dissolution of the luting agen-
tes4, and may predispose the tooth to caries or pulpitis. In addition, poorly adapted 
provisional prosthetic materials cause mechanical irritation to the surrounding tis-
sues and enhance biofilm accumulation with subsequent periodontal problems1,5. 

Choosing the appropriate combination of materials and techniques for the fabrica-
tion of a high-quality provisional restoration is important because the only difference 
between this and the definitive restoration should be the material used6. Interim res-
torations can be directly fabricated intraorally, indirectly in the laboratory, or with a 
direct-indirect technique when the restoration is formed extraorally and finalized intra-
orally7. Although an indirect technique produces a restoration with a superior marginal 
fit7,8, most dentists use a direct method with satisfactory results. A matrix planned for 
provisional fabrication may copy existing tooth contours from the mouth with a diag-
nostic cast9, or reproduce customized contours created through diagnostic waxing10. 
It has been further suggested that, when possible, this matrix should include at least 
one adjacent tooth on each side11. 

The matrices applied for a direct technique are made of thermoplastic, vacuum-formed 
templates, irreversible hydrocolloid, or elastomeric impression materials12, although 
the matrix of choice depends upon the many variables of each particular situation. 
To select an appropriate material, it does help to have a feel for the classification of 
the impression materials, as well as concepts such as the working time, setting time, 
permanent deformation, and dimensional stability. There are certainly other important 
factors that influence the decision, such as ease of manipulation, taste, and tackiness, 
but they have thus far eluded quantitative measurement13. In fact, an accurate repro-
duction of the preparation margins in an impression is a necessary requirement for 
achieving a good marginal quality14.

The materials available for fabricating provisionally fixed partial dentures include 
autopolymerizing polymethyl methacrylate, polyethylene methacrylate, polyvinyl 
methacrylate, urethane methacrylate, bis-acryl, and microfilled resins15. Historically, 
autopolymerizing polymethyl methacrylate resin (PMMA) has been the most popular 
material and is widely used by clinicians, although during the last several years, tem-
porary bis-acryl composite materials have been introduced and are rapidly gaining 
acceptance15 owing to such benefits as ease of use3, better color stability16, resistance 
to wear17, and low exothermic heat18. 
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Studies conducted to assess the degree of marginal gap formation of provisional 
materials have shown contradictory results. Some studies have indicated that acrylic 
resins have lower marginal discrepancies compared to bisacrylic resins, some of 
which have shown a comparable fit between both types, whereas other studies have 
demonstrated bis-acryl composite resin to be superior to acrylic resin5,17,19. 

Thus, the aim of this study was to evaluate the marginal adaptation of provisional 
crowns made of acrylic and bisacrylic resins using different impression materials 
(irreversible hydrocolloid, laboratory silicone, condensation silicone, and addition sili-
cone). The null hypothesis was that there was no difference between marginal adap-
tations of these restorative materials and between these impression materials. 

MATERIALS AND METHODS
The materials used in this study are described in Tables 1 and 2.

Specimen preparation

An in vitro method was used to simulate a direct clinical technique in which a pro-
visional crown was made directly on the prepared tooth using different impression 
materials as a matrix (Table 1). Mandibular left first molar prepared for a complete 

Table 1. Impression materials used in the present study.

Impression material Product Manufacturer

Irreversible hydrocolloid Hydrogum 5 Zhermack SpA, Germany

Laboratory silicone Zetalabor Zhermack SpA, Badia Polesine, RO, Italy

Condensation silicone Zetaplus Putty/Oranwash Zhermack SpA, Badia Polesine, RO, Italy

Addition silicone Elite HD/Putty Regular Zhermack SpA, Badia Polesine, RO, Italy

Table 2. Provisional prosthetic materials used in the present study.

Product name Material classification Composition Manufacturer

Alike Polymethymethacrylate 
(PMMA)

Barium silicate glass, benzoyl 
peroxide, dimethylp-toluidene, 
methacrylate polymer, methyl 
methacrylate, ethyl-2-cyano-3-

diphenylacrylate, methanol

GC América, Alsip - IL, 
EUA

Duralay Polymethymethacrylate 
(PMMA)

Copolymer of plasticizable 
methacrylate, Monomer of 

methylmethacrylate, Paraffin, 
mineral oil

Reliance, Cotia, São 
Paulo, Brasil

Structur 3 Bis-acryl composite
Bis-GMA, BHT, amines, benzoyl 

peroxide, dimethacrylates, glass 
particles

VOCO SmbH Cuxhaven, 
Alemanha

Protemp 4 Bis-acryl composite
Dimethacrylate polymer, Bis-GMA, 

zirconium, silica and silane particles, 
pigments

3M-ESPE, Seefeld, 
Alemanha 
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metaloceramic crown with a 1-mm chamfer finish line and a taper of approximately 5 
degrees was cast in a base metal alloy and adapted to the left mandibular hemi-arch 
(Fig. 1). A standard crown was fabricated for the prepared die to represent the form 
of the tooth prior to preparation (Fig. 2). A matrix planned for provisional fabrication 
was used to copy the contours from the standard crown adapted to the metal die. 
This matrix was extended onto at least one tooth adjacent to the teeth being restored. 
The impression materials were divided into four groups: irreversible hydrocolloid (IH), 
laboratory silicone (LS), condensation silicone (CS), and addition silicone (AS). Twelve 
impressions were taken for each impression material. This impression served as 
a matrix for making the provisional crowns for all materials applied: Alike, Duralay, 
Protemp 4, and Structur 3 (n=12). A verticulator (Bio-art Equipamentos Odontológi-
cos Ltda., São Carlos – SP, Brazil) was used to standardize the path of insertion and 
removal of the partial stock tray and the applied force (Fig. 2).  

Figure 1. The metal die (copy of the mandibular left first molar prepared for a complete metaloceramic 
crown) adapted to the left mandibular hemi-arch. 

Figure 2. The partial stock tray and standard crown on the metal die in the left mandibular hemi-arch. Both 
were adapted to the upper and lower parts of the verticulator, respectively.
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Group IH: The irreversible hydrocolloid (IH), (Hydrogum 5, Zhermack, BadiaPolesine – 
RO, Italy) was used at a ratio of 1:1; the powder was dispensed into water in a rubber 
vat and manipulated using a plastic spatula until homogenization. The irreversible 
hydrocolloid was loaded into the partial stock tray and seated on the standard crown 
with the aid of the verticulator, where it remained locked for 2 min until the gelation 
was complete. 

Group LS: Laboratorial silicone (Zetalabor, Zhermack, BadiaPolesine – RO, Italy) 
was proportioned and manipulated following the manufacturer’s instructions. The 
material was then loaded into the stock tray and seated on the standard crown with 
the aid of the verticulator. It remained locked until complete polymerization of the 
laboratory silicone. 

Group CS: Condensation silicone (Zetaplus, Zhermack, BadiaPolesine – RO, Italy) was 
used, and a putty material was proportioned and manipulated following the manufac-
turer’s instructions, and loaded into the stock tray. A light paste and catalyst were placed 
on a glass plate (at a 1:1 ratio) and handled using a #24 spatula. The light-body material 
was dispensed using an elastomer syringe on the standard crown. Thereafter, the stock 
tray loaded with the putty material was seated on the standard crown, and the verticula-
tor was locked until complete polymerization of the condensation silicone. 

Group AS: Addition silicone (Elite HD, Zhermack, BadiaPolesine – RO, Italy) was used at 
a 1:1 ratio. The putty material was provided and handled following the manufacturer’s 
instructions and loaded into the stock tray. The light-body material was dispensed 
using a dispenser gun and compatible mixing tip on the standard crown. The stock 
tray loaded with the material was seated on the standard crown and the verticulator 
was locked until complete polymerization of the addition silicone. 

Next, the metal die (copy of the tooth prepared) was lubricated (Vaseline; Quimidrol) 
to prevent adhesion to the resin samples. The acrylic resins (Duralay and Alike) were 
dispensed and mixed according to the manufacturer’s instructions, and placed in the 
matrices with the aid of a manipulating spatula (#24). The bisacryl composites (Pro-
temp 4 and Structur 3) were inserted into the matrices using a dispenser gun and 
compatible mixing tips. The resin-filled impression was seated on the metal die with 
aid of the verticulator, which remained locked during polymerization.

Before complete polymerization (plastic phase), any excess material was trimmed 
from the margins of the provisional restorations using a scalpel blade (15c). The test 
specimens were kept in a closed, dry container for 24 h until an analysis of the mar-
ginal discrepancy was conducted.

Analysis of marginal discrepancy

The provisional crowns were adapted to the metal die with the aid of a “C” clamp 
(Metasul, Braço do Norte - SC, Brazil) (Fig. 4) and kept at a standardized position 
during the analysis in a stereomicroscope lupe (Optima MDCE-5ª, 2.0, Hiperquímica, 
Santo André - SP, Brazil). 

Photographs at 45X magnification were obtained from the buccal, lingual, mesial, and 
distal surfaces, and the images were transferred to Corel Draw X7 program. The mar-
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ginal discrepancy of the provisional crowns was determined by measuring the space 
(marginal opening) between the margin of the provisional crowns and the finish line 
of the metal die. For each provisional crown, the measurements were made at four 
vertical reference lines previously marked at the midpoint of the metal die finish line 
at four locations to represent the buccal, lingual, mesial, and distal surfaces of the die. 
The measurements were made three times along the long axis of the die at each of 
the four reference points. All procedures were performed by one operator calibrated. 

Statistical analysis

The amounts of marginal discrepancy were compared among the 4 provisional resto-
ration materials and impression materials with a 2- way analysis of variance (ANOVA) 
followed by the Tukey test for multiple comparisons (a=.05). The analyses were con-
ducted using the statistical program, SAS, version 9.1 (SAS Institute, Cary, NC, USA).

RESULTS
Table 3 shows the mean and standard deviation of the marginal discrepancy values 
obtained.

Table 3. Mean (standard deviation) of the marginal discrepancy (μm).

Impression materials /
Resins  Alike Duralay Protemp 4 Structur 3

Irreversible hydrocolloid 613.31 (19.53) Aa 605.08 (25.97) Aa 334.35 (24.99) Ab 303.28 (16.76) Ac

Laboratorial silicone 440.92 (18.61) Ba 387.21 (24.69) Bb 237.90 (11.82) Bc 238.87 (15.16) Bc

Condensation silicone 258.77 (19.48) Ca 250.85 (16.71) Ca 133.86 (12.49) Cb 104.00 (4.79) Cc

Addition silicone 190.06 (9.74) Da 192.83 (6.01) Da 73.58 (6.68) Db 48.61 (7.08) Dc

Mean followed by distinct letters represents a significant difference (Anova 2-way/Tukey, a=.05)). Upper case 
letters compare the impression materials within each level of the resin factor. Lower case letters compare 
resins within each level of the impression material factor.

Figure 3. Temporary crown adapted to the metal die with a “C” clamp. 
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The statistical analysis showed the significance of the interaction between the main 
factors impression material x resin (p <0.0001), demonstrating dependence between 
the levels of one factor on the outcome of another. Statistically significant differences 
among the impression materials were found at all resin factor levels. Irreversible 
hydrocolloid was shown to have the highest discrepancy, followed by laboratory sil-
icone, condensation silicone, and addition silicone. For the resins, it was observed 
that when irreversible hydrocolloid, condensation silicone, or addition silicone was 
applied as the impression material, the acrylic resins Alike and Duralay showed statis-
tically similar and significantly higher values ​​than the bisacrylic resins Protemp 4 and 
Structur 3, presenting statistical differences among them. For the laboratory silicone 
material, the acrylic resins Alike and Duralay presented statistically significant differ-
ences between them; however, both showed a superior discrepancy compared to the 
bisacryl resins Protemp 4 and Structur 3.

DISCUSSION
In this study, 4 provisional restorative materials and 4 impression materials were 
evaluated for marginal fit. The results indicate that the null hypothesis was rejected. 
The accuracy of fit has been extensively investigated in the dental literature. Mar-
ginal openings of between 100 and 200 mm are considered clinically acceptable 
with regard to longevity20-22. However, some authors have considered a marginal dis-
crepancy between 50 and 120 μm to be within the range of clinical acceptance23-25. 
Holmes et al.26 (1989) described this divergence of values between various studies 
as resulting from the fact that, unlike the physical and mechanical properties of the 
materials applied, the fit of a restoration has never been strictly defined. The reference 
points for the measurements and the descriptive terminology defining a fit vary con-
siderably among investigators.

In the present study, some groups, namely, addition silicone for all resins, and conden-
sation silicone for bisacryl composites (table 3) were within the clinically acceptable 
threshold established in the literature20-22. However, the other groups presented values 
above these limits. The variations in the results of this study as compared with other 
studies could be because of the differences in the materials and fabrication tech-
niques applied. A direct relationship exists between an initially poor marginal adapta-
tion and the dissolution of cement (with a resultant microleakage)27, and damage to 
the adjacent tissues28.

The bisacrylic resins showed a significantly lower marginal discrepancy when com-
pared with the acrylic resins. Young et al.29 (2001) compared the quality of the pro-
visional restorations fabricated by dental students using two materials (bis-acryl 
composite resin and PMMA), and found that the bis-acryl composite resin (Integrity) 
was significantly superior to PMMA (C&B Resin and Snap) as a provisional restorative 
material, including marginal adaptation. Tjan et al.5 (1997) evaluated the vertical dis-
crepancies of the margins for complete crowns and indicated that provisional crowns 
fabricated using Protemp Garant (bys-acryl composite) and Splintline (EMA) recorded 
the least marginal discrepancies. These results corroborate with those of the present 
study despite the different materials used.  
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This difference in adaptation between acrylic and bisacrylic resins can be attributed 
to the higher polymerization shrinkage of the acrylic resins. Deficiencies can occur 
when autopolymerizing acrylic resin is used owing to a dimensional contraction 
because of the difference in density between the polymer and monomer applied30. 
Temporary crowns maintained in water at 20–30° C for 10 min help to obtain a bet-
ter marginal fit31. This technique decreases the monomer content and reduces the 
chance of irritation from the free monomer content, which may directly influence 
the polymerization shrinkage, and consequently the marginal adaptation. Moreover, 
a bis-acrylic or bis-acrylate composite differs from a methacrylate resin, but is sim-
ilar to a composite restorative material because it is made of a bis-acryl resin and 
inorganic fillers, the latter of which reduces polymerization shrinkage32. It has been 
stated that volumetric polymerization shrinkage for PMMA is 6%, compared with 
1–4% for composite materials33. 

The most common materials used for the fabrication of provisionals are polymethyl-
methacrylate (PMMA) and composite-based resin (CBR)34. The PMMA comes in the 
form of a polymer, which is a powder and monomer in liquid form that has to be hand 
mixed. The CBR comes in the form of an auto-mixed paste or in paste tubes. PMMA is 
chemically polymerized, whereas CBR is available as a chemically or light cured mate-
rial34. One attractive aspect of a bisacryl composite is its convenient, cartridge-based 
dispensing system, which should result in a more accurately proportioned and con-
sistent mix29. This innovative approach may have contributed to the superior results 
credited to Protemp 4 and Structur 3. 

However, Wang et al.17 (1989) observed that acrylic resin and bisacrylic produce 
similar marginal gaps. They indicated that Alike e Protemp produced the best fitting 
crowns, exhibiting respective marginal gaps of 90.7 and 94.2 mm. 

Few studies in the dental literature have compared the accuracy of the impression 
material used to fabricate a temporary crown. In this study, a direct technique was 
used with different impression materials, and a significant difference in marginal dis-
crepancy was found among all of them. It was verified that the impression material 
influenced the accuracy of the temporary crowns. Addition silicone promoted the 
smallest marginal discrepancy in the provisional crowns, followed by condensation 
silicone, laboratory silicone, and finally, irreversible hydrocolloid. Addition-cured sili-
cone rubber is considered the most dimensionally stable impression material, which 
is set using an addition-cured polymerization reaction, with no by-product produced 
during cross-linkage, resulting in an extremely stable impression13. 

Irreversible hydrocolloid promoted the highest marginal discrepancy in the provisional 
crowns. This material has two major disadvantages, firstly, very poor dimensional 
stability because of the ready loss or imbibition of water on standing in dry or wet 
environments respectively. Secondly, low tear resistance which can be a real problem 
when attempting to record the gingival sulcus13.

Faria et al.35 (2008) evaluated the the accuracy of different impression materials 
used for fixed partial dentures (irreversible hydrocolloid, condensation silicone, 
addition silicone, polyether, and polysulfide), and verified that different impression 
materials and techniques influence the accuracy of the stone casts in such a way 
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that polyether, polysulfide, and addition silicone, when following a single-phase tech-
nique, are more accurate than the other materials35. An accurate stone cast is indis-
pensable for the fabrication of a crown or bridge, and the choice of the impression 
material is a vital step. 

Vitti et al.36 (2013) compared the dimensional accuracy of casts made using three 
impression techniques with addition and condensation silicone, and concluded that 
stone casts made from addition silicone is also dimensionally more accurate, corrob-
orating the results of the present study. However, an analysis of the accuracy of the 
impression material in a stone cast differs from that of a specimen36. As with the pres-
ent study, the authors also used putty and a light-body material. The high filler loading 
of the putty was initially devised to reduce the effects of polymerization shrinkage. 
Putty is commonly combined with a low viscosity silicone when recording an impres-
sion to produce more accurate results13. 

This study attempted to highlight some of the issues related to the marginal opening 
of the provisional materials available in the market associated to a direct tecnhnique 
used to fabricate provisional restorations with diferentt impression materials. How-
ever, further studies are needed for the development of more durable and accurate 
materials for provisional restorations. 

In conclusion, bisacrylic resins showed a better marginal adaptation than acrylic 
resins. Addition silicone promoted a better marginal fit of the provisional pros-
thetic materials tested, followed by condensation silicone, laboratory silicone, and 
irreversible hydrocolloid.
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