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Comparative Evaluation of Dimensional Accuracy of 
Impression Techniques for Parallel Implants and  
Implants Placed with Angulation: An in vitro Study
1Aditi Prasad, 2Laxman Rao

ABSTRACT
Objective: This study aims to measure and compare the accu­
racy of various implant impression techniques in specimens with 
parallel implants placed at 90° to the horizontal plane and at 75°.

Materials and methods: Polyether medium body (3M ESPE 
Impregum) was selected as the material of choice. Two metal 
samples with three lab analogs placed in each were used as the 
master models. One had implants placed at 90° to the horizontal 
plane, and the other at 75°. Ten impressions were made each 
of stock metal tray, closed custom tray and open custom tray 
techniques. Photographs were taken and measurements were 
made using Adobe Photoshop software. Intragroup comparisons 
were done using the analysis of variance (ANOVA) and one way 
t-test. Intergroup comparison was done using two way t-test.

Results: All the techniques studied showed some distortion 
and the difference had no statistical significance. However, 
closed custom tray technique gave better results for the 90° 
specimen, and open custom tray technique gave better results 
for the 75° specimen.

Conclusion: Within the limitations of this study, it can be con­
cluded that provided operator error is minimized and guidelines 
are followed, it may be possible to achieve impressions of 
similar accuracy regardless of technique used. However, it was 
impossible to achieve a level of exactness that would ensure a 
completely passive fitting prosthesis.
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INTRODUCTION

The major objective of a multiple implant-supported 
restoration is to ensure that it exhibits a passive fit on 
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the implants.1 Precise reproduction of implant position 
and angulations is chiefly dependent on accuracy of the 
implant impression, which is more critical than for tooth 
supported restorations since implants lack the compensating 
physiologic mobility of natural teeth. Failure to meet this 
objective may result in a progressive loss of fixture inte­
gration leading to treatment failure. 

Forcibly tightening the superstructure might cause 
microfracture of bone, a zone of marginal ischemia, and 
healing with a nonmineralized attachment to the implant.2,3 

Adequate stress distribution through passively fitting 
prosthesis also encourages the maintenance of marginal 
bone close to the implant,4 promoting longevity of the 
prosthesis.5,6 Impression techniques are mainly divided 
into direct (open-tray) technique and indirect (closed-tray) 
technique.7 However, clinically stock metal tray impressions 
are also utilized, and have been included in this study. 
Many modifications have also been suggested in previous 
literature to increase exact relation of the transfer copings 
to each other.8,9

The aims of this study were to apply different types of 
impression techniques to reference models with implants 
placed parallel to each other and with a specific angulation.

MATERIALS AND METHODs

Triangular metal specimens with three lab analogs (ADIN) 
at its apices were used as the reference models.10 One had 
analogs placed at 90° angulations to the horizontal plane, 
and the other at 75° angulations. They were held in place 
using a low fusing soldering alloy (Figs 1A to D). Three 
types of impression trays were used; they were (i) metal 
stock trays, (ii) closed custom trays and (iii) open custom 
trays (Figs 2A to D). Metal stock trays (Jabbar) were selected 
such that at least a minimum of 5 mm space was obtained 
around the impression post. Custom impression trays were 
fabricated using autopolymerizing acrylic resin with 5 mm 
space for impression material. Twenty identical custom 
trays were made by duplication. Windows were created in 
the same trays for making the open tray impressions after 
the completion of closed-tray impressions.

The following impressions were made:
•	 Group 1: Analogs placed parallel to each other at a 90° 

angulation to the horizontal plane.
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Figs 1A to D: (A and B) Implants placed at 90° and (C and D) 75° to horizontal plane

Figs 2A to D: (A) Stock tray, (B) closed custom tray and (C and D) open custom tray
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	 –	 Subgroup a: Using stock metal tray
	 –	 Subgroup b: Using closed custom tray
	 –	 Subgroup c: Using open-window custom tray.
•	 Group 2: Analogs placed at a 75° angulation to the 

horizontal plane.
	 –	 Subgroup a: Using stock metal tray
	 –	 Subgroup b: Using closed custom tray
	 –	 Subgroup c: Using open-window custom tray.

The impression posts were connected to implant analogs 
with the screws tightened manually such that their flat 
surfaces were facing outward. Ten impressions were made 
for each subgroup.

In group 1, the trays were coated with a uniform layer 
of tray adhesive (3M ESPE polyether adhesive) and were 
allowed to set for 15 minutes according to manufacturer’s 
instructions. Polyether medium body material (3M ESPE) 
was mixed for 45 seconds and impressions were allowed to 
set for 10 minutes as per manufacturer’s instructions. 

In subgroup a, stock metal trays were used and in sub­
group b, closed custom-made trays were used. In subgroup c, 
open window custom trays were used. Open tray impression 
copings were splinted together with fast setting plaster just 
before impression procedure.11

The closed tray impressions were separated from the 
reference model, after which the transfer copings discon­

nected from the model were affixed to lab analogs and 
repositioned in the impressions. In open tray impressions, 
the transfer copings were unscrewed after the impression 
material had set; after which the impressions were separated 
from the model along with the transfer copings. Analogs 
were then connected to the copings before pouring of the 
casts. Procedure was repeated for group 2.

All impressions were poured with die stone (Kalrock 
type IV) using water powder ratio of 23 ml of water to 100 
gm of powder according to manufacturer’s instructions. 
These were mixed using vacuum mixer before pouring of 
cast (Cuumyx Confident). Casts were allowed to set for  
1 hour and regular standard straight abutments with 1 mm 
collar height were attached to analogs before photographs 
were taken for measurements.

Putty indices were fabricated for positioning of casts 
during photographs, one type of measurement was designed 
to measure relative distortion, i.e., inter-implant distances in 
group 1 and quantitative angulations in group 2. The other 
used an external reference point for measuring absolute 
distortion, lateral shift of each abutment from a point on an 
externally placed metal ruler for both groups (Figs 3A to D). 
Photographs were taken using a Canon DSLR 1100 D at a 
55 mm fixed focal distance using a tripod, and measurements 
were made using Adobe Photoshop CS 5. All clinical, 

Figs 3A to D: (A) Inter implant distance measured in group 1, (B) lateral shift measured in group 2, (C) angulation measured in  
group 2, and (D) lateral shift measured in group 2
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Table 1: Intragroup analysis for group 1 using student t-test and anova

Number 
of 
samples Mean

Standard 
deviation

Standard
error

Mean
difference

Min. 95% 
confidence 
interval

Max. 95% 
confidence 
interval t-value

Degree of 
freedom p-value

Stock tray 30 2570.46 1.07 0.19 0.39 –0.003 0.79 2.02 29 0.051

Closed 
custom

30 2570.33 1.07 0.19 0.26 –0.133 0.67 1.36 29 0.182

Open 
custom

30 2570.40 0.96 0.17 0.33 –0.028 0.69 1.88 29 0.07

Student t-test: Significance level at p < 0.05

Sum of squares Degree of freedom Mean square f-value p-value

Stock tray 0.254 2 0.127 0.117 0.889

Closed 
custom

94.040 87 1.081

Open 
custom

94.294 89

Anova test: Significance level at p < 0.05

laboratory procedures, and measurements were performed 
by the same operator. Distances were measured in pixels and 
angulations in degrees with accuracy up to 0.01.

All values of relative distortion were compared to the true 
values of the reference values using one way student t-test. 
Intragroup analysis to compare subgroups used analysis of 
variance (ANOVA) test. Intergroup analysis using only the 
lateral shift measurements (common to both groups) utilized 
the two way t-test to compare percentage errors and compute 
statistical significance.

RESULTS

Intergroup analysis of percentage errors in lateral shift 
measurements made in the vertical plane with external 
reference point were analyzed using two way sample 
t-test (Table 3). Although, statistically insignificant (p > 
0.05), stock tray measurements showed greater error in 

measurements of implants in the 75° samples as compared 
to those placed at 90°. Closed custom tray measurements 
showed greater error in the angulated samples than in the 90° 
ones, where closed custom trays gave the least error among 
techniques. Open custom tray measurements showed greater 
error in the 90° samples than in the ones with angulations, 
where they gave the least error among techniques. 

Intragroup analysis of group 1 (Table 1) yielded the 
following results through ANOVA test: data obtained from 
measurements of inter implant distance for implants placed 
at 90° both showed best results with both open and closed 
custom tray techniques, as compared to stock tray usage 
which showed a borderline significant error (p > 0.05). 
The data analyzed through one way t-test also showed 
insignificant differences from their true values (p > 0.05).

Intragroup analysis of group 2 (Table 2) by using 
ANOVA test confirned that measurements of degree of 

Table 2: Intragroup analysis for group 2 using student t-test and anova

Number of 
samples Mean

Standard 
deviation

Standard
error

Mean
difference

Min. 95% 
confidence 
interval

Max. 95% 
confidence 
interval t-value

Degree of 
freedom p-value

Stock tray 30 75.23 0.636 0.116 0.23 –0.007 0.467 1.97 29 0.057

Closed 
custom

30 75.22 0.984 0.18 0.225 –0.141 0.593 1.25 29 0.218

Open
custom

30 74.95 0.660 0.121 –0.046 –0.293 0.199 0.38 29 0.701

Student t-test: Significance level at p < 0.05

Sum of squares Degree of freedom Mean square f-value p-value

Stock tray 1.509 2 0.754 1.250 0.292

Closed 
custom

52.496 87 0.603

Open 
custom

54.005 89

Anova test: Significance level at p < 0.05
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Table 3: Intergroup analysis between lateral shift of groups 1 and 2 using  
two-way t-test and percentage error values

Number of 
samples

Group 1
(Percentage error)

Group 2  
(Percentage error) t-value

Degree of 
freedom p-value

Stock tray 30 0.38113 0.89581 0.25 58 0.8033

Closed custom 30 0.14823 0.19588 0.045 58 0.9646

Open custom 30 0.15452 0.13349 0.021 58 0.9829

Two-way t-test: Significance level at p < 0.05

implant angulations showed that the usage of open tray 
technique gave better results as compared with stock tray 
and closed custom tray techniques, when used for implants 
placed at 75° (p > 0.05). The data analyzed through one way 
t-test also showed insignificant differences from their true 
values (p > 0.05).

DISCUSSION

The influence of impression techniques and implant angu­
lation was proved to be statistically insignificant at the 
p-value being lesser than 0.05. This is in agreement with 
previous studies conducted by Assif et al,12 Assif et al,13 
Vigolo et al,14 Assuncao et al,15 Naconecy et al,16 Vigolo et 
al,17 Cabral and Guedes,18 Filho et al,19 Wöstmann,20 Barrett 
et al,21 Hsu et al,22 Herbst et al,23 Del’Acqua et al,24 Choi et 
al,25 Daoudi et al26 and Conrad et al.27

In intergroup analysis, the comparable accuracy of 
angulated implant impressions may be attributed to the para­
llelism of the analogs to each other, despite their 75° angu­
lation to the horizontal plane. Also, the splinting together 
of the transfer copings in open tray impressions may have 
yielded better results.

In intragroup analysis of group 1, custom tray impre­
ssions were found to be more accurate than stock metal tray 
impressions. This can be explained by the difference in the 
thickness of impression material and setting shrinkage of the 
impression material away from the specimen, because it is 
adhered to the tray by the adhesive and not to the specimen. 
This distortion along with differential thickness would result 
in more distortion. In the same way, the mean error values 
obtained show that closed custom tray impressions were 
more accurate then open custom tray impressions.

In group 2, open-tray technique was found to be more 
accurate than the other techniques. This can be explained 
by the need to reposition copings with the closed-tray tech­
nique and because the abutments are shorter than direct 
impression copings.

The comparable and high levels of accuracy of impres­
sions, regardless of techniques and angulations used, may have 
also been influenced by the use of polyether medium body 
impression material. Impression materials that present with 

a high shore A hardness number are better suited for implant 
impression due to increased rigidity which will decrease the 
amount of copings’ movement. Wee et al28 also stated that 
when using the pick-up implant impression technique, the 
impression material must fulfill two requirements: rigidity 
to hold the impression coping and to prevent accidental 
displacement of the coping when an abutment is connected 
and minimal positional distortion between abutment replicas 
as compared with their intraoral implant abutments. They 
found that the torque required to rotate an impression coping 
in the impression was found to be maximum in polyether 
(medium body). Polyether was recommended as the material 
of choice in several studies due to its high rigidity.12,13,22,29-32

As to the intraoperator error variability, the same ope­
rator performed all steps and measurements. Small stan­
dard deviations were indicative of the dependability and 
uniformity of the measurement method. 

However, errors could be easily introduced during any 
of the steps required to make an implant master cast. There 
may have been errors due to the dimensional changes 
of the impression material, inaccurate repositioning of 
impression copings, improper connection of components 
and dimensional changes of the material used to fabricate 
the master cast.  A possible source of error was the fit of the 
individual impression copings to the implants or implant 
analogs. This study may not be relevant for more or less 
than three implants in a clinical situation. Another possible 
limitation of the current study lies in the measurement 
protocol. Although, no specific method has been proven to be 
superior, the measurement of distortion is greatly influenced 
by the experimental methods and operator reliability.33 

It is worth stressing that throughout this study, an exact 
reproduction of the implant position as recorded on the 
control models was never achieved. Clinically, this could 
mean that completely passive fit of an implant supported 
prosthetic superstructure is not attainable yet, despite the 
impression technique and the laboratory procedures.34 
Clinical experience and skill of the operator still appear to 
remain the most important factors to be involved.

This study analyzes both absolute and relative distor­
tion for both the groups and subgroups to verify the results 
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obtained from either method. Mostly, similar results were 
obtained, which could also be attributed to maintaining a 
uniform space around analogs to minimize volumetric shrin­
kage of impression material.

Also, this study includes stock metal tray in the tech­
niques of implant impression, since it decreases chairside 
time significantly and must be tested as an alternative. This 
study shows that following guidelines and reducing operator 
error may be able to diminish the effects of other variables 
in impression accuracy.

MANUFACTURERs’ NAME

•	 Polyether impression material: Impregum medium body 
by 3M ESPE

•	 Implant analogs and other components: Adin 
•	 Gypsum products: Kalabhai
•	 Acrylics: DPI 
•	 Equipment: Confident.

CONCLUSION

Within the limitations of this study, it can be concluded that:
The influence of technique on impression accuracy was 

not significant in both the 90 and 75° angulations.
The open tray technique with splinted impression copings 

may be recommended for highly unparallel implants.
The closed tray technique gives better results in implants 

placed parallel to the direction of removal of impression.
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