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Accurate impressions are influenced by the im-
pression material selection,1–3 impression ma-

terial manipulation and impression technique,4 
impression tray material,5 impression tray design,6–10 
tray deformation potential,11–13 impression retention 
to the impression tray surface,14 impression thick-
ness,15 impression removal,16 thermal changes after 
removal,17 storage condition after removal,1 and ma-
terial used for making the dies and its compatibility 
with the impression material. In addition, by eliminat-
ing the mobility of teeth resulting from the thickness 
of the periodontal ligament18 the demand for accuracy 
of impressions will increase in areas. That is true for 
those with minimal to no abutment mobility, such as 
those with implant-retained fixed partial dentures.19 
Considering all of these variables and their interac-
tions, it can be inferred that high impression accuracy 
is not easily achieved.

Impression trays used for polyvinyl siloxane (PVS) 
impressions are either custom made or bought as 
stock trays. The advantage of using a custom-made 
tray is that the impression material forms a uniform 
thickness inside the tray, while the advantage of using 
a stock tray is the convenience and cost, but uneven 
impression material thickness could be a problem. 
All impression materials shrink during polymeriza-
tion, suggesting that variations in impression material 
thicknesses could result in different shrinkage at dif-
ferent locations.3,20,21

Because of differences in the viscosities of different 
impression materials, different forces are needed to 
seat the tray during impression taking. Consequently, 
a rigid impression tray should suffer less distortion 
during impression taking with heavy viscous materi-
als, such as putties.

Today, some of the most popular impression tech-
niques include (1) injecting a low viscous impression 
material around the prepared teeth and seating a 
tray loaded with a high viscous impression material 
over the still unset low viscous material22; (2) tak-
ing an impression in a very high viscous material 
(putty), and after the impression has set and been 
removed, injecting a light body impression mate-
rial around the teeth and in the set putty impression, 
whereupon the set putty impression is placed back 
again over the teeth23; and (3) using a spacer (often a 
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vacuum-processed tray) that is placed over the teeth 
before an impression is taken in a putty material. 
After the putty has set, the spacer is removed and 
a low viscous material is placed around the teeth, as 
well as in the spacer region of the putty impression, 
whereupon a final impression is made.

Considering the options mentioned previously, the 
authors hypothesize that the most reliable impressions 
are achieved with a rigid tray and a thin final impres-
sion layer (techniques 2 or 3). Of techniques 2 and 3, 
technique 3 is expected to perform best, despite its 
thicker wash layer. The reason is simply that a tighter 
putty fit (technique 2) will result in increased putty 
compression while the wash impression is being taken, 
which would increase the risk that the putty “springs” 
back when the final impression is removed. To test this 
hypothesis, the authors decided to compare metal and 
polymeric stock trays, and with each of these trays, 
use the three different impression techniques.

Materials and Methods

Master Cast

A mandibular master cast was fabricated from self-
curing acrylic resin (Orthodontic Resin, Dentsply-
Caulk) with four machined stainless steel dies 
simulating prepared abutment teeth in the mandibu-
lar first premolar and second molar regions. In addi-
tion, two stainless steel reference posts were located 
in the left and right sides between the stainless steel 
dies and flat to the ridge level (Fig 1). 

The dies were designed to simulate circular full-
crown preparations with shoulders and 6-degree 
total occlusal convergence (TOC). The molar prepa-
rations were 7.0-mm high, had a cervical outer diam-
eter of 9.0 mm, and a shoulder width of 1.0 mm. The 
premolar preparations had the same TOC, height, and 
shoulder width, but an outer diameter of 7.0 mm. The 
dies were locked into the resin to avoid any move-
ment. Two 3.0-mm-diameter stainless steel reference 

rods were inserted at the ridge level halfway between 
the stainless steel replicas located on each side. A 
diamond bur (Maxima Diamonds 801-012C-FG, 
Henry Schein) attached to a parallelometer (PFG 100, 
Cendres & Métaux) was used to make marks on the 
occlusal surfaces and the shoulders of the dies, as 
well as on the stainless steel rods between the dies 
(Fig 2). These marks consisted of circular scratches 
with a distinct dot in the center of the circles. These 
center dots were used as measuring points.

To standardize the impression procedure, the mas-
ter cast was attached to a half inch–thick aluminum 
plate with two screws. On the aluminum plate, three 
stainless steel pins were positioned vertically to guide 
a second top plate with the tray attached to it (Fig 3). 

Because of differences in tray designs, separate 
plates were used for the metallic and plastic trays. 
The holes in the top plate slid along the rods attached 
to the base plate and allowed precise positioning onto 
the master cast during the impression taking proce-
dures. Three plastic stops were assembled on the 
pins to control the seating of the tray against the cast. 
Because of differences in tray designs between the 
metallic and plastic trays, two different sets of vertical 
stops were used.

Tray Materials 

The two trays used were either plastic stock trays 
(Disposable impression trays, Henry Schein) or me-
tallic stock trays (Rim-Lock trays, Dentsply-Caulk). 
Tray adhesive (V.P.S. Tray Adhesive, Kerr; lot: 5-1082) 
was applied to the inside of the trays 10 minutes prior 
to impression taking. 

Impression Technique Groups 

Three impression groups (IT1, IT2, and IT3) were used 
in this study. Group IT1 used heavy- and light-bodied 
PVS materials (Aquasil, Dentsply-Caulk; lots: 050618 
and 050421, respectively). A tray attached to the top 

Fig 1    Frontal view of the master 
cast. Note the stainless steel rods 
between the abutment replicas.

Fig 2    Simulated preparations and the marks 
used as measuring points.

Fig 3    Lateral view of the impression 
device with a 3-lb weight on top while 
taking an impression (IT3).

1

3

4

2

6
7

8

9

11

10
5



Volume 24, Number 1, 2011            51

Hoyos/Söderholm

plate was loaded with the heavy-bodied material. 
Simultaneously, the light body material was injected 
directly onto the right side abutment replicas. The 
top plate was then placed on the vertical rods and 
guided close to their stops, whereupon a 3-lb weight 
was placed on the top plate to fully seat the tray to the 
pre-established ideal cast-tray relation. The impres-
sion was left undisturbed for 10 minutes before it was 
removed in one quick pulling action.

Group IT2 used a putty (Exaflex, GC; lot: 0505201) 
and a light body material (Aquasil). The top plate was 
first removed from the stand and the tray was loaded 
with the putty material. The top plate was then placed 
on the vertical rods and guided close to their stops. 
A 20-lb weight was then placed on top of the plate to 
fully seat the tray to the pre-established ideal cast-
tray relation. The impression was left undisturbed for 
6 minutes and afterward was removed in one quick 
pulling action. The light body material was then in-
jected around the abutments and inside the already 
set putty impression. The top plate with the already 
set putty impression was once again placed on the 
vertical rods and guided close to their stops, and a 
28-lb weight was placed on top to fully seat the tray 
to the pre-established ideal cast-tray relation. The im-
pression was left undisturbed for 10 minutes and then 
removed in one quick pulling action.

Group IT3 used a spacer created with a 2-mm-
thick plastic pressure-formed template (Great Lakes 
Orthodontics) placed over the abutments, on which 
a putty impression (Exaflex) was made, as described 
for group IT2. The impression was left undisturbed for 
6 minutes and then removed in one quick pulling ac-
tion. The 2-mm plastic spacer was removed carefully 
from the putty impression. The light body material 
was then injected around the abutments and inside 
the already set putty impression. The top plate was 
placed and guided close to the stops, and then a 3-lb 
weight was placed on top to fully seat the tray to the 
pre-established ideal cast-tray relation. The impres-
sion was left undisturbed for 10 minutes and then re-
moved in one quick pulling action.

Ten impressions of each tray–impression technique 
combination were made. All 60 impressions were 
made at room temperature (23°C to 25°C) and kept at 
that temperature for 24 hours before being measured 
under a microscope. The humidity where the impres-
sions were stored was 55% ± 1%. 

Measurements 

The x-, y-, and z-coordinates of the 11 marks on the 
master cast were first measured with a measuring mi-
croscope (Unitron Universal Measuring Microscope, 

Unitron). These coordinates were recorded 10 times 
on the master cast for the abutments on the right side 
and the reference rod located between them. Similar 
readings were made on the impressions 24 hours after 
they had been taken. The spatial distances between 
the marks on the abutments and the reference point 
between them were calculated. Since each abutment 
had 5 marks, a total of 10 distances were measured on 
each impression. 

Statistical Analysis

The mean values of the different distances on the 
master cast were compared with the matching mean 
values measured on the impressions, and compari-
sons between the different tray (stiffness) and impres-
sion thickness groups were conducted by use of the 
Student t test at a significance level of P < .05 (SAS).

Results

Table 1 shows the five distances measured between 
the five points on the second molar abutment tooth 
(1–5) and the reference point (6) and the five dis-
tances between the five points on the first premolar 
abutment tooth (7–11) and the reference point on the 
master cast. As seen from the distance values, the 
standard deviation (SD) for the different distance val-
ues varied from 18.9 to 70.1 µm. The largest SDs were 
associated with points 5 and 11, the points located on 
the top of the abutment teeth. Of all measured points, 
these were the points that were most out-of-plane 
with the other points. Minor errors in x, y, and z de-
terminations have a more dramatic effect on points 
located out-of-plane, and the 5-6 and 11–6 distances 
were determined from space coordinates. 

Of the measured distances, the difference between 
the two extreme measurements (maximum and mini-
mum values) for a certain distance was below 100 µm 
for most measurements. However, for distances 5–6 
and 11–6, the differences between the extreme values 
were around 200 µm, which can be related to the out-
of-plane location of points 5 and 11.

Considering the results presented in Table 1, it is 
obvious that the measuring technique being used is 
not as reliable as one would like it to be (SD as large 
as up to 0.4% of the distance). Despite that limitation, 
it was possible to use the Student t test and perform 
pairwise comparisons, and by doing so, significant dif-
ferences between four of the investigated groups and 
the master cast were identified (P < .05, Figs 4 and 5).

All techniques used with the plastic trays had one 
or more distance that was significantly different from 
the master cast, while for the metal trays, only the IT1 
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group had a distance that was significantly shorter 
than the matching distance on the master cast. 

When plastic trays were used, groups IT2 and IT3 
(Figs 4b and 4c) had the greatest number of distances 
that were significantly different from the master cast. 
For IT2, distances 3, 4, 8, and 10 had values of 101.0, 
–94.2, 142.3, and 161.8 µm, respectively, all of which 
were significantly different. For IT3, distances 1, 3, 5, 
and 8 differed from the master cast with differences 
of 75.8, 104.0, 70.6, and 96.8 µm, respectively. 

IT1 with the plastic (Fig 4a) and metal tray (Fig 5a) 
each had one distance that was significantly different 
from the master cast. IT1 with the plastic tray was sig-
nificantly different in distance 5 with 72.6 µm; IT1 with 
the metal tray was significantly different in distance 3 
with –54.5 µm. Regarding the metal tray, it should be 
noted that distance 9 had a higher numerical value, 
but despite being larger, that value was not signifi-
cantly different from the master cast. 

Table 1    Means and Standard Deviations of 10 Rounds of Measurements 
Performed on the 11 Marks of the Master Cast

Distance*
 No. of  

measurements Mean (µm) SD (µm)
Minimum 

(µm)
Maximum 

(µm)

1–6 10  18,071.5 27.9  18,032.4  18,121.8

2–6 10 14,899.0  32.5  14,846.2  14,948.7

3–6 10 15,577.4  26.3  15,538.3 15,613.6

4–6 10 9,186.0 46.7  9,087.3 9,251.2

5–6 10  17,665.2 70.1 17,567.9 17,789.3

6–6 10 0 0 0 0

7–6 10 9,994.1  26.1  9,959.0  10,036.5

8–6 10  14,336.6 25.3  14,313.2  14,390.0

9–6 10 12,629.7 35.5  12,594.5  12,708.0

10–6 10  15,721.6 18.9  15,694.6  15,765.6

11–6 10  14,758.2 58.3  14,655.2 14,861.1

SD = standard deviation. 
*See Fig 2 for location of measuring marks.

1 2 3 4 5 6 7 8 9 10 11
Distances measured

200
150
100
50
0

–50
–100
–150
–200

9.49 11.07

–2.13 –4.41

72.61*

0 1.01
33.93 23.94

–16.35

35.55

M
ea

n 
di

ffe
re

nc
e 

(µ
m

)

1 2 3 4 5 6 7 8 9 10 11
Distances measured

200
150
100
50
0

–50
–100
–150
–200

28.26

–18.37

100.98*

–94.15*

41.45
0

–19.53

142.27*

–56.42

161.79*

–25.59

M
ea

n 
di

ffe
re

nc
e 

(µ
m

)

1 2 3 4 5 6 7 8 9 10 11
Distances measured

200
150
100
50
0

–50
–100
–150
–200

75.82*

2.58

103.96*

22.82

70.64*

0

–0.43

96.79*

2.36

63.39

–13.9

M
ea

n 
di

ffe
re

nc
e 

(µ
m

)

Fig 4    Mean difference values for (a) IT1, (b) IT2, and (c) IT3 with 
the disposable plastic impression tray for all disances in compar-
ison to master cast. *Significant difference between impression 
and master cast. A negative number implies a shorter distance 
on the impression than on the original.
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Discussion

The results support the hypotheses that a metal tray 
is less likely to result in impressions that deviate sig-
nificantly from the master cast. Of all six groups, IT2 
and IT3 with the metal tray were the only ones that did 
not have any distance that deviated significantly from 
the master cast, while IT1 with the metal tray had only 
one distance that deviated significantly. Regarding 
the plastic trays, IT1 had one significant difference, 
while IT2 and IT3 had four and three significant differ-
ences, respectively.

When it comes to the different impression tech-
niques, IT2 and IT3 were predicted to be more reliable 
than IT1. However, the results do not support that hy-
pothesis when it comes to the plastic trays. It was only 
for the metal trays that the results were in line with 
the proposed hypothesis. The reason this hypothesis 
did not find any support when it came to the plastic 
trays can be related to the lower tray rigidity. During 
the impression-taking process, both the IT2 and IT3 
techniques required much higher impression load 
than the IT1 technique. The IT1 technique needed a 
force of 3 lbs to seat the tray, while IT2 needed 20 lbs 
when the first putty impression was taken and then 
28 lbs when the final impression with the light-bodied 
PVS was created. IT3 needed 20 lbs when the putty 
impression was taken and then 3 lbs for the light body 
impression. Considering these differences in loads, it 

seems reasonable to explain the poor performance of 
IT2 and IT3 with the plastic tray as primarily being at-
tributed to tray distortion during loading. Considering 
that IT2 used a higher load than IT3, it is interesting to 
note that IT2 had four significant distance deviations 
with the plastic tray, while IT3 had three such signifi-
cant differences. The comparison becomes even more 
interesting when IT2 and IT3 with the plastic tray are 
compared to that with the metal tray. There were no 
significant deviations for IT2 and IT3 with the metal 
tray, but by comparing Figs 5b and 5c, the results fa-
vor IT3, an outcome that can be related to the lower 
pressure used for the final light body impression.

The changes seen for IT1 with both the plastic and 
metal trays may primarily be related to material bulk 
thickness and associated polymerization shrinkage. 
Based on clinical experience from use of technique IT1 
with the plastic tray, it seems as though the discrepan-
cies found for these two groups are still clinically ac-
ceptable for certain, if not most, clinical procedures. 
Differences in distances up to 90 µm between abut-
ments for a fixed partial denture have been estimated 
as acceptable14 because the periodontal ligament 
measures between 100 and 250 µm.18 Even higher 
values than 90 µm are probably acceptable for some 
patients. However, a 90-µm distortion for a multiple 
implant structure would have a different outcome; it 
would probably be clinically unacceptable because of 
its inability to adapt to the stiff implants. Vigolo et al19 
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Fig 5    Mean difference values for (a) IT1, (b) IT2, and (c) IT3 
with the metal tray for all distances in comparison to master cast. 
*Significant difference between impression and master cast. A 
negative number implies a shorter distance on the impression 
than on the original.
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found that discrepancies up to 34 µm were judged 
as acceptable and “passive” to manual and visual in-
spection for multiple implant structures. Fortunately, 
such variations in length are found only when dealing 
with edentulous spans where the impression mate-
rial bulk is large and highly susceptible to polymeriza-
tion shrinkage and thermal changes. Intra-abutment 
dimensions are not affected enough by the impres-
sion variables to make them clinically important. It has 
been recognized that dimensional changes in intra-
abutment dimensions are very minimal when PVS or 
polyether is used in conjunction with stock or custom 
trays.2,8,16 These claims, though, may not be valid for 
the IT2 and IT3 techniques with plastic trays.

The findings of this study confirm other findings 
that the rigidity of the tray is one factor related to im-
pression accuracy.12,23 Cho and Chee13 showed that 
tray distortion must be considered when plastic stock 
or metal trays are used in combination with putty 
material. Rigid trays have also been recommended 
to reduce distortion during seating and removal of 
the trays from the patient’s mouth.12,22 For example, 
Gordon et al9 found up to 100-µm differences in in-
terabutment distances and a 260-µm cross-arch dis-
crepancy when plastic stock trays were used. They 
attributed this distortion to tray flexibility.  

Undercut size and their effect on distortion was 
not included in this study. Its importance regarding 
impression accuracy is well recognized15 and could 
have impacted the results. The greater the undercuts 
are, the more likely a thin layer of impression material 
will deform permanently. Thus, in such cases, the IT1 
technique might perform better than IT2 and IT3.

Conclusion

Plastic trays produce less accurate impressions than 
metal trays. However, if plastic trays are used, one 
should avoid using techniques IT2 and IT3 to minimize 
the risk of tray deformation. If metal trays are used, 
the best results can be achieved with putty-and-wash 
impressions, particularly with the IT3 technique. 

References

  1.	 Williams PT, Jackson DG, Bergman W. An evaluation of the 
time-dependent dimensional stability of eleven elastomeric 
impression materials. J Prosthet Dent 1984;52:120–125.

  2.	 Tjan AHL, Whang SB, Tjan AH, Sarkissian R. Clinically oriented 
evaluation of the accuracy of commonly used impression ma-
terials. J Prosthet Dent 1986;56:4–8.

  3. 	 Eames WB, Wallace SW, Suway NB, Rogers LB. Accuracy 
and dimensional stability of elastomeric impression materials.  
J Prosthet Dent 1979;42:159–162.

  4. 	 Chee WWL, Donovan TE. Polyvinyl siloxane impression mate-
rials: A review of properties and techniques. J Prosthet Dent 
1992;68:728–732.

  5. 	 Martinez LJ, von Fraunhofer JA. The effects of custom tray 
material on the accuracy of master casts. J Prosthodont 
1998;7:106–110.

  6. 	 Breeding LC, Dixon DL, Moseley JP. Custom impression trays: 
Part 1—Mechanical properties. J Prosthet Dent 1994;71:31–34.

  7. 	 Smith PW, Richmond R, McCord JF. The design and use of 
special trays in prosthodontics: Guidelines to improve clinical 
effectiveness. Br Dent J 1999;187:423–426.

  8. 	 Valderhaug J, Fløystrand F. Dimensional stability of elasto-
meric impression materials in custom-made and stock trays.  
J Prosthet Dent 1984;52:514–517.

  9. 	 Gordon GE, Johnson GH, Drennon DG. The effect of tray se-
lection on the accuracy of elastomeric impression materials.  
J Prosthet Dent 1990;63:12–15.

10. 	 Saunders WP, Sharkey SW, Smith G, Taylor WG. Effect of im-
pression tray design and impression technique upon the ac-
curacy of stone casts produced from a putty-wash polyvinyl 
siloxane impression material. J Dent 1991;19:283–289.

11. 	 Tjan AHL, Whang SB, Miller GD. Why a rigid tray is so impor-
tant to the putty wash impression method. CDAJ 1981;9:53–58.

12. 	 Dixon DL, Breeding LC, Moseley JP. Custom impression trays: 
Part III—Stress distribution model. J Prosthet Dent 1994;71: 
532–538. 

13. 	 Cho GC, Chee WWL. Distortion of disposable plastic stock 
trays when used with putty vinyl polysiloxane impression ma-
terials. J Prosthet Dent 2004;92:354–358.

14. 	 Tjan AHL, Whang SB. Comparing effects of tray treatment on 
the accuracy of dies. J Prosthet Dent 1987;58:175–178. 

15. 	 de Araujo A, Jorgensen KD. Effect of material bulk and under-
cuts on the accuracy of impression materials.  J Prosthet Dent 
1985;54:791–794. 

16. 	 Shigeto N, Murata H, Hamada T. Evaluation of methods for dis-
lodging the impression tray affecting the dimensional accuracy 
of the abutments in a complete dental arch cast. J Prosthet 
Dent 1989;61:54–58.

17. 	 Jamani KD, Fayyad MA, Harrington E, Wilson HJ. Temperature 
changes of materials during impression taking. Br Dent J 1988;165: 
129–132.

18. 	 Wilson TG, Kornman KS (eds). Fundamentals of Periodontics, 
ed 1. Chicago: Quintessence, 1996;20.  

19. 	 Vigolo P, Fonzi F, Majzoub Z, Cordioli G. An evaluation of im-
pression techniques for multiple internal connection implant 
prostheses. J Prosthet Dent 2004;92:470–476.

20. 	 Gilmore WH, Schnell RJ, Phillips RW. Factors influencing the 
accuracy of silicone impression material. J Prosthet Dent 
1954;4:94–103.

21. 	 Eames WB, Sieweke JC, Wallace SW, Rogers LB. Elastomeric 
impression materials: Effect of bulk on accuracy. J Prosthet 
Dent 1979;41:304–307.

22. 	 Carrotte  PV, Johnson A, Winstanley RB. The influence of the 
impression tray on the accuracy of impressions for crown and 
bridgework—An investigation and review. Br Dent J 1998; 
185:580–585.  

23. 	Haim M, Luthardt RG, Rudolph H, Koch R, Walter MH, Quaas S. 
Randomized controlled clinical study on the accuracy of two-
stage putty-and-wash impression materials. Int J Prosthodont 
2009;22:296–302.



Copyright of International Journal of Prosthodontics is the property of Quintessence Publishing Company Inc.

and its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright

holder's express written permission. However, users may print, download, or email articles for individual use.


