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ABSTRACT 

This study investigated the influence of impression material viscosities and tray types to the accuracy 

of polyvinyl-siloxane impressions. A master cast was manufactured and different viscosities of impressions 

(1-step heavy/light (HL) and 1-step putty/light (PL)) were made using two types of trays (thermoplastic stock 

tray and metal stock tray). A total of 40 impressions were made and measurements of the distances between 

reference points were calculated. The mean values differed to the master dies in the range of 0-160 

micrometers. Statistical analysis using the 1 way-ANOVA test exhibited that certain measurements 

differences were significant when comparison were made between the different tray types and different 

impression viscosities.  As a conclusion, thermoplastic stock trays tested in conjunction with very high-

viscosity impression materials demonstrated discrepancy dimensions that were deemed to be clinically 

unacceptable and likely to cause major inaccuracy in the fabrication of fixed dental prostheses provided to 

patients. 
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1.0 INTRODUCTION 

In fixed prosthodontics, procedurals accuracy is pivotal for a precise and optimum characteristic of 

the prosthesis. In order to construct an accurately fitting prosthesis, precision must be maintained from the 

impression making to the casting procedure. 

Various factors have been known to affect the accuracy and dimensional stability of an impression; 

the type of impression material, viscosity, thickness, physical properties and technique. It was also 

thoroughly investigated and reported in numerous studies that tray have significant influence on the 

accuracy of impression especially the design, the type of material and the adhesion between the tray with 

impression material. 

The most common impression materials used in crown and bridgework are the synthetic elastomers; 

polyether, polysulphide and silicone (polyvinyl-siloxane). Numerous studies have been performed and many 

agree that polyvinyl siloxane, an addition-cured silicone has the most ideal properties of an impression 

material. The combination of excellent physical properties, handling characteristics and dimensional 

stability favour this silicone material [1]-[2]. Factors influenced by the practitioner are the mixing ratio of 

the materials, the loading technique, the impression technique, distortion upon removal and storage prior 

pouring [3]. 

The putty/wash technique has evolved as a means of eliminating the need for a custom tray. The 

putty/ wash impression can be performed in either 1-step or 2-step technique. Few researchers believe that 

the 2-step putty/ wash technique minimizes the amount of alcohol byproduct and thereby retains the 

dimensional stability of the impression within certain period [4]. The dual phase technique uses two 

different viscosities of impression material. The most common combination used is heavy and light 

materials that can be done in either 1-step or 2-steps techniques. The 2-steps technique was claimed to 

minimize the setting polymerization shrinkage as the first impression (heavy-body material) will be fully set 

prior to the wash impression producing the most accurate cast [5]. 

Studies have also been done clinically and in-vivo to investigate the accuracy achieved by 

combinations of impression materials and trays. Presently, none can give the ideal combination of tray and 

impression material that can produce the most accurate castings. However, as more materials are developed, 

new studies are required to investigate these upcoming materials. Borderlock Mouldable tray (BM) is a 

newly introduced thermoplastic tray that can be moulded by immersion in warm water to customize the 

dental arch shape. This study investigated the influence of impression material viscosities (1-step HL and 1-
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step PL technique) and tray types; BM tray and metal stock tray to the accuracy of polyvinyl-siloxane 

impressions. 

 

2.0 MATERIAL AND METHODS 

2.1  Materials 

A master cast was made from polyurethane resin (AlphaDie Material) and two-nickel chrome dies 

(Fig 1) were implanted at 35 and 45 position. Two type of tray material were used; 20 metal stock trays and 

20 thermoplastic stock trays. Two combinations of polyvinyl-siloxane impression materials techniques with 

different viscosities; 1-step heavy/light (HL) and 1-step putty/light (PL) were used to make impression with 

two tray types; BM tray and metal stock tray. The designated experimental groups (n: 10) were illustrated in 

Fig 2.  

 

2.2 Impression Procedures 

The fabricated impression jig consisted of two arms with a slot to insert the tray handle on the 

movable upper arm and a fixed platform on the lower arm with a custom stop. The master cast was pinned to 

the fixed platform of the lower arm jig. Silicone impressions adhesive (VPS Tray Adhesive, Liquid LOT 

No: 370878) was painted on all the trays and were left to dry for 5 minutes for maximum efficacy [5].  

During the 1-step HL technique (Group 1 and 3), the light body material was uniformly syringed 

around the nickel-chrome abutment and over the occlusal surface of the dentition while the heavy body was 

loaded simultaneously by a second operator into the tray. After loading the tray, the tray handle was inserted 

into the slot of upper arm and the jig was closed until the upper arm contacted the custom stop on the lower 

arm. Impressions were allowed to polymerize for 10 minutes before removed [6] and inspected for voids and 

faults. If void and error noted at the required details, the impressions were repeated.  

For 1-step PL technique (Group 2 and 4), light body material was uniformly syringed around the 

nickel-chrome abutment and over the occlusal surface of the dentition while the putty material was 

simultaneously loaded in the tray.   

The usage of the impression jig confirmed the position of master cast on the platform to be identical 

for all experimental groups throughout the experiment. 

 

2.3 Specimens Preparation 

A total of 40 impressions were produced, stored at room temperature and in an unstressed condition 

prior to be poured in Type lV Dental Stone (PrimaRock, Whipmix Corporation). The 80 poured dies were 

numbered and marked to identify the mesial, distal, buccal and lingual surface before embedded in the self-

curing resin (Ortho resin, DeguDent Germany).  

The resin embedded dies were placed in a pressure pot for 15 minutes for an optimum 

polymerization prior the next stage. Then, each embedded die was mounted on the chuck of a precision 

sectioning machine (ISOMET 1000, Beuhler Corp., Lake Bluff, Illinois) at a standard position.  

Abutment 45 and 35 were sectioned bucco-lingually using the spinning diamond blade (Series 

15HC, 15.2mm x 0.5mm, Beuhler Corp., Lake Bluff, Illinois). 

 

2.4 Measurements 

After the dies were sectioned, each of the specimens was inspected for defects or debris prior to 

placement on the microscope stage for image capturing. The camera (Olympus Digital) was set to manual 

focus and x20 magnification to capture the image of each specimen. Halogen illumination lamps were 
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arranged to illuminate the specimen on the stage producing the sharpest image. Then, all the images were 

downloaded into the DP Soft Image Analysis software (Fig 3) and ready for distance measurements.  

Each specimen was measured for four distances as summarized in Table I. During the measurement 

session, a colleague opened the image to be measured by a single investigator blindly. Each image was 

digitally enlarged by 400% to enable accurate location of the reference points for the measurements. Only 

the colleague knew which image belonged from which experimental group to avoid bias from the 

investigator during distance measurements. 

 

3.0  RESULTS 

The differences in distance measurement values of each experimental specimen from the master 

model were illustrated graphically in Figure 4 (dies sectioned bucco-lingual).  

The 1-step HL impression technique did produce specimens with minimal difference in distance 

measurement (positive values less than 40µm) despite the type of trays used. However, the 1-step PL 

impression technique exhibited specimens with mixture of distance differences (positive and negative value 

from the range of -100 to 130) for both tray types.  

Further analysis using One-way Analysis of Variance (ANOVA) of data recorded on the mean 

values of master dies and experimental groups were done. Comparison was made among the experimental 

groups and the master dies and the results of statistical analysis were displayed in Table II. No significant 

differences were noted when comparing 1-step HL impression technique made with different type of trays. 

However, highly significant differences were noted when comparing 1-step PL used with the different tray 

types. 

 

4.0  DISCUSSIONS 

The master cast and the abutments shapes were designed to represent the clinical condition. This is to 

allow the impression material to experience similar strain upon insertion and removal of the impression.  

The different values of experimental dies dimensions from the master die determined that the 

experimental groups were smaller (negative value) or larger (positive value) than the master dies. The 1-step 

HL impressions taken with metal trays and thermoplastic stock tray (Groups 1 and 3) displayed the 

dimensional closest to the master dies and clinically not significant. This is in agreement by many 

researchers where the dimensional changes were clinically acceptable and does not affect the accuracy of 

produced prostheses [7]-[9]. 

The thermoplastic stock tray was not rigid enough to avoid the distortion from the heavy-filled putty 

impression material. The tray flanges were deflected outward when the putty impressions were seated but 

recoiled back to the actual position upon removal from the cast. The recoil incidence occurs because putty 

impression material has the elastic properties. The impression will then produced distorted and smaller dies. 

The metal stock trays on the other hand were very rigid and did not exhibit any distortion of the impressions. 

No significance differences were noted on the dimension when the metal stock trays were used with 1-step 

HL and 1-step PL. 

Prostheses if fabricated on a slightly larger dies usually ease the seating of prosthesis during fitting 

sessions. However, smaller dies may cause larger problems such, as binding of the prostheses to the axial 

wall of preparations therefore the prostheses could not fit intra-orally.  

Within the limitations of the study and from the data recorded and analyzed statistically, tray types 

and impression material viscosities had significant effects on the dimensional accuracy of the dies produced. 
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5.0 CONCLUSIONS 

The clinical application was that the BM trays when used with 1-step HL technique produce good 

accuracy of the polyvinyl-siloxane impressions and therefore can be suggested to replace the use of metal 

stock trays. The disposable characteristics of these BM trays reduce the chances of cross infection. 

However, these thermoplastic stock trays were not rigid enough to resist the putty viscosity of 1-step PL 

technique that did deflect the trays resulting in a clinically unacceptable working dies. 
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7.0 TABLES AND FIGURES 

 

Fig 1. Master die exhibiting sectioning directions 

 
 

 

 

Fig 2. Experimental Design 

 

 

METAL STOCK TRAYS                           BM TRAYS 

 

 

1-step HL (n:10)  1-step PL (n:10)   1-step HL (n:10) 1-step PL (n:10) 

Group 1   Group 2    Group 3          Group 4 

 

 

35 Sectioned bucco-

lingually (B-L) 

45 Sectioned bucco-

lingually (B-L) 
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Fig 3. Distance measurements on dies 

 

 
1: Marginal distance (MD)  

2: Occlusal width (O) 

3: Buccal height (B) 

4: Lingual height (L) 

 

 

Fig 4. The differences measurements value of all dimensions for dies sectioned bucco-lingually (B-L) 
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TABLE I.  

MEASUREMENTS MADE ON EACH DIE SPECIMENS 

 

Die specimens Parameter 

35 (B-L) Marginal distance (MD) 

Occlusal width(O) 

Buccal height (B) 

Lingual height (L) 

45 (B-L) Marginal distance (MD) 

Occlusal width (O) 

Buccal height (D) 

Lingual height (M) 

 

 

TABLE II 

STATISTICAL RESULT FOR DIFFERENCE VALUES BETWEEN MASTER DIE AND 

EXPERIMENTAL GROUPS 

 

 MARGIN OCCLUSAL HEIGHT 

(B) 

HEIGHT 

(L) 

1-step HL 

 

Metal Mean diff - * - - 

 

BM Mean diff  - - * - 

1-step PL Metal Mean diff ** - - ** 

BM Mean diff *** - *** *** 

 

* Probably significant 

** Significant 

***Highly significant 
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