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Abstract:

Aim: To comparatively evaluate the positional accuracy of multiple implants by open tray impression technique using three different splinting
materials namely self-cure acrylic resin, pattern resin and flowable composite.

Materials and Methods: An edentulous maxillary model was fabricated with heat-cure acrylic resin. Four dummy implants were placed
bilaterally at canine and second premolar positions in the acrylic model, perpendicular to the horizontal plane and parallel to each other. Open tray
impression copings were attached to dummy implants. The copings were splinted with dental floss onto which self-cure acrylic resin was added, which
was sectioned and rejoined (for Group A). Similarly, pattern resin and flowable composite were used as splinting materials for Group B and Group C
respectively. Open tray impressions were made using polyvinylsiloxane impression material to obtain 10 casts for each group categorized according
to the splinting material used. Interimplant distances were measured between implants on the master model and between the implant analogs in the
retrieved casts in three different groups using a Coordinate measuring machine and a comparative evaluation of positional accuracy was done.
Results: Splinting with materials of all three Groups showed minimal variation in positions of multiple implants and within clinical limits. Group B
(pattern resin) had more accurate values similar to master model compared to Group A (self-cure acrylic resin) and Group C (flowable composite),
although statistically insignificant. The results with Groups A and C were similar. No statistically significant difference was derived between the three
different groups.

Conclusion: Itwas concluded that all the three splinting materials evaluated in the study can be recommended as splinting material of choice for
multiple implants using open tray impression technique.
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placed in the patient apart from recording accurate surface
details.[3,4,5] The impression techniques are mainly

Dental implants have become increasingly popular and are
being successfully used for oral rehabilitation of partially and
completely edentulous patients. Precise impression of the
implant position is imperative in fabrication of accurately
fitted implant-supported prostheses.[1] This is essential to
decrease stress in the implant components and bone adjacent
to the implants.[2]

Recording the intraoral relationship of implants through
impression procedures is an important parameter for an
accurate, passively fitting prosthesis. The critical aspect is to
reproduce the 3-dimensional orientation of the implant as
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abutment level as well as implant level with closed-tray or
open-tray techniques. The open-tray technique may use either
splinted or non-splinted implant impression copings.
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During clinical and laboratory phases, inaccuracy in
transferring three-dimensional orientation of implants to the
cast can be detected due to the movement of impression
copings.[6] Splinting refers to connecting the transfer copings
with a material. This attempts to prevent rotational movement
of the impression copings within the impression material
during analog fastening, thus maintaining the relationship
between implants in arigid fashion.[4,7,8,9,10]

Some of the commonly used splinting materials include
impression plaster, dental floss, pattern resin, self-cure
acrylic resin, addition silicone, or polyether-based bite
registration material. Studies analyzing different types of
splinting materials and their accuracy have shown conflicting
results.[11,12] Some authors have suggested the use of
splinting, while some have proposed that splinting does not
produce superior results especially if the splinting material
such as acrylic is associated with some inevitable
shrinkage.[13]

The present study was undertaken to evaluate the positional
accuracy of multiple implants by open tray impression
technique using three different splinting materials namely
self-cure acrylic resin, pattern resin and flowable composite,
to determine which splinting material is most effective for the
accurate reproduction of implant positions.

An edentulous maxillary model was fabricated with heat cure
acrylic resin. Four dummy implants were placed bilaterally at
canine positions and second premolar positions in the acrylic
model, perpendicular to the horizontal plane and parallel to
each other with the help of a dental surveyor. The dummy
implants placed in the model were sequentially numbered as
1,2, 3, and 4 from left to right. Open tray impression copings
were attached to the dummy implants and tightened with
guide pins using a hex driver by applying a torque of 15 Ncm.
A metal tray was customized to occupy the master model and
windows were prepared in the metal tray coinciding with the
position of the impression copings. Stoppers were added onto
the borders of master model to ensure even distribution of
impression material.

For Group A — Dental floss was looped tightly around each of
the open tray impression copings and firmly fastened. Self-
cure acrylic resin was mixed and subsequently adapted onto
the dental floss and around the copings and allowed to set

(Fig.1).

Fig.1: Open tray impression copings splinted with self-cure
acrylicresin

The splints were then sectioned in the centre using a diamond
disk to create a 0.2 mm standardized space between each of
the splinted sections. The sectioned pieces were then rejoined
prior to the impression procedure with an incremental
application of self-cure acrylic resin. This technique of
sectioning and rejoining helps to minimize the
polymerization shrinkage of the resin.

A double layer wax spacer was adapted on the master model.
The custom metal tray was coated with tray adhesive and
allowed to dry. Soft putty consistency polyvinylsiloxane
impression material was mixed and loaded onto the tray. The
tray was seated over the master model with finger pressure.
The wax spacer was then removed and the impression tray
was loaded with light body impression material and a wash
impression was made. Any excess material from the tray
windows was removed with a finger swipe to expose the guide
pins. This position was maintained throughout the setting
time of the impression material. The guide pins were then
loosened with the hex driver and the tray was removed from
the master model, with the impression copings along with
guide pins remaining locked in the impression (Fig.2).

Fig.2: Impression with polyvinyl siloxane impression
material

The implant analogs were then connected to the impression
copings and the guide pins were tightened with the hex driver.
Ten impressions were thus made for Group A and casts were
poured using Type IV die stone.
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For Group B — Dental floss was looped around the impression
copings and splinting was done with pattern resin (Fig.3).The
impression procedure was carried out in a similar manner as
for Group A to obtain ten impressions and casts were poured.

Fig.3: Open tray impression copings splinted with pattern
resin

For Group C — Splinting was done with flowable composite
(Fig.4) .Ten impressions were made as previously described
and casts were obtained.

Fig.4: Open tray impression copings splinted with flowable
composite

All clinical and laboratory procedures were carried out by the
same operator. Interimplant distances were measured in
millimeters in horizontal plane between implants no.1 and 2,
land 3, 1 and 4, 2 and 3, 2 and 4, 3 and 4 on the master model
and between the implant analogs in all the casts in the three
different groups using a Coordinate Measuring Machine and a
comparative evaluation of positional accuracy was done.

The present in vitro study evaluated and compared the
positional accuracy of multiple implants by open tray
impression technique using three different splinting materials
namely acrylic resin (for Group A), pattern resin (for Group
B) and flowable composite (for Group C). Ten open tray
impressions were made for each group and casts were
obtained. Interimplant distances between the dummy
implants in the master model and between the implant analogs
in all the casts in three different groups were measured in
millimeters using a Coordinate Measuring Machine.

Data was summarized as Mean + SD (standard deviation).
Groups were compared by one factor analysis of variance
(ANOVA) and the significance of mean difference between
the groups was done by Tukey's HSD (honestly significant
difference) post hoc test after ascertaining normality by
Shapiro-Wilk's test and homogeneity of variance between
groups by Levene's test. A two-tailed (0=2) p<0.05 was
considered statistically significant. Analysis was performed
on SPSS software { Windows version 22.0} (Tables 1-12).

Table 1: Interimplant distance (mm) between implant analogs
1 and 2 of three groups

Groups n | Mean+SD F value
Group A 10 | 9.847£0.046
Group B 10| 9.854 +0.029 0.34 0.712

Group C 10 | 9.839+0.044

p value

The interimplant distance (mm) between implant analogs 1
and 2 of three groups were summarized in Mean + SD and
compared by ANOVA(F value).

Table 2: Comparison of difference in mean inter-implant
distance between implant analogs 1 and 2 among three groups

by Tukey test
Comparison Mean diff. q value | Significant? | Summary
(mm) p<0.05?
Group A vs. Group B 0.007 0.52 No ns
Group A vs. Group C 0.008 0.66 No ns
Group B vs. Group C 0.015 1.17 No ns

diff: difference, q value: Tukey test value, ns: not significant

Table 3: Interimplant distance (mm) between implant analogs
1 and 3 of three groups

Groups n | Mean£SD F value
Group A 10 | 32.103+0.019
Group B 10| 32.108 £ 0.016 0.55 0.583

Group C 10 | 32.099 £0.022

Table 4: Comparison of difference in mean inter-implant
distance between implant analogs 1 and 3 among three groups

p value

by Tukey test

Comparison Mean diff. q value | Significant? | Summary
(mm) p<0.05?

Group A vs. Group B 0.005 0.79 No ns

Group A vs. Group C 0.004 0.69 No ns

Group B vs. Group C 0.009 1.48 No ns

diff: difference, q value: Tukey test value, ns: not significant
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Table 5: Interimplant distance (mm) between implant analogs
1 and 4 of three groups

Table 11: Interimplant distance (mm) between implant
analogs 3 and 4 of three groups

Table 6: Comparison of difference in mean inter-implant

distance between implant analogs 1 and 4 among three groups

Groups n | Mean+SD F value p value Groups n | Mean+SD F value p value
Group A 10 | 35.510+0.023 Group A 10 | 10.217 +0.040

Group B 10 | 35.524+£0.022 1.16 0.327 Group B 10 | 10.215 + 0.045 0.05 0.951
Group C 10 | 35.507 £0.032 Group C 10| 10.211 £ 0.032

Table 12: Comparison of difference in mean inter-implant
distance between implant analogs 3 and 4 among three groups

by Tukey test by Tukey test
Comparison Mean diff. q value | Significant? | Summary Comparison Mean diff. q value | Significant? | Summary
o (mm) p<0.05?
(mm) p<0.05? Group A vs. Group B 0.002 0.15 No ns
Group A vs. Group B 0.014 1.67 No ns Group A vs. Group C 0.006 0.44 No ns
Group A vs. Group C 0.003 0.36 No ns Group B vs. Group C 0.004 0.29 No ns
Group B vs. Group C 0.017 2.02 No ns

diff: difference, q value: Tukey test value, ns: not significant

Table 7: Interimplant distance (mm) between implant analogs

2 and 3 of three groups
Groups n | Mean+£SD F value p value
Group A 10 | 25.961 +£0.036
Group B 10 | 25.955 £0.049 0.09 0.910
Group C 10 | 25.952 £0.044

Table 8: Comparison of difference in mean inter-implant

distance between implant analogs 2 and 3 among three groups

by Tukey test
Comparison Mean diff. q value | Significant? | Summary
(mm) p<0.05?
Group A vs. Group B 0.006 0.42 No ns
Group A vs. Group C 0.008 0.60 No ns
Group B vs. Group C 0.002 0.18 No ns

diff: difference, q value: Tukey test value, ns: not significant

Table 9: Interimplant distance (mm) between implant analogs

2 and 4 of three groups
Groups n | Mean+£SD F value p value
Group A 10 | 31.888 £0.014
Group B 10 | 31.891£0.012 0.18 0.840
Group C 10 | 31.892+£0.016

Table 10: Comparison of difference in mean inter-implant

distance between implant analogs 2 and 4 among three groups

by Tukey test
Comparison Mean diff. q value | Significant? | Summary
(mm) p<0.05?
Group A vs. Group B 0.003 0.60 No ns
Group A vs. Group C 0.004 0.81 No ns
Group B vs. Group C 0.001 0.20 No ns

diff: difference, q value: Tukey test value, ns: not significant

diff: difference, q value: Tukey test value, ns: not significant
Discussion:

Accurate implant impressions play a vital role and serve as an
initial step in obtaining a precise working cast. Accurate
working casts are necessary for fabrication of passively fitting
implant restorations.[12] Prosthesis misfit can cause
mechanical as well as biological complications.[14]

The basic impression techniques for implants are abutment
level impression technique and implant level impression
technique (closed tray or open tray techniques). In the closed
tray technique, the impression copings remain in the patient's
mouth when the set impression is removed, and then, these
copings are unscrewed from the mouth and attached to the
implant analogs. This coping-implant analog assembly is
placed back into the impression in its respective position.[15]
In the open tray technique, the impression coping is retained
within the impression and is removed from the mouth along
with the set impression.[12] To ascertain maximum accuracy,
some authors emphasized the significance of splinting
impression copings together intraorally prior to impression
making and some authors suggested sectioning the splint
material leaving a thin space and then reconnecting with an
appropriate amount of the same material to minimize
polymerization shrinkage.[16,17]

In the literature, there have been differences in opinions
regarding the accuracy of different impression techniques and
splinting materials used in multiple implant cases.
Considering the conflicting results reported by several
authors, this study was carried out to investigate the positional
accuracy of multiple implants by open tray impression
technique using three different splinting materials namely
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self-cure acrylic resin, pattern resin and flowable composite.
Since the flowable composite has attained popularity in recent
years, its use as an alternative for conventionally used
splinting materials such as acrylic resin and pattern resin has
been evaluated in the present study.

Several researchers claimed achieving greater accuracy and
improved fit with open-tray impression copings. The open-
tray technique allows the impression copings to be retained in
the impression. The closed-tray technique can create
discrepancies in the axial rotation and inclination of the
analogs; therefore, many authors have advocated superior
results with the open-tray method.[18,19,20] However, some
authors have reported potential problems related with the
splinting technique, such as distortion of the splinting
materials and fracture of the connection between the splinting
material and the impression copings.[21-25] Considering
errors in positional accuracy due to shrinkage of splinting
materials, sectioning and rejoining of splinting materials was
done for all the groups in this study prior to impression
making.

Mojon et al[26] and other authors have advocated [27,28-30]
that separation and rejoining of acrylic splint when done 17
minutes after the setting reaction results in 80% reduction in
the effects of polymerization shrinkage. To standardize the
dimensions of the acrylic resin splints for each sample, a
silicone index was used.[27,31] It has been reported that the
total shrinkage of acrylic resin is between 6.5% and 7.9% in
the first 24 hours, with 80% of the shrinkage occurring in the
first 17 minutes after mixing.[26]

Herman et al described a method of intraoral splinting of
implant transfer copings for the final impression procedure.
The purpose of this technique was to reduce the effects of
acrylic resin polymerization shrinkage by prefabricating
acrylic resin bars that were utilized for splinting implant
transfer copings. The benefits of this procedure included ease
of fabrication of the resin bars and ease of intraoral
application for splinting transfer copings. Intraoral splinting
of transfer copings was done without requiring excessive
amount of acrylic resin at the time of final impression, thus
reducing the effects of acrylic resin polymerization
shrinkage.[32]

In order to obtain appropriate and well-fitting superstructures,
it is necessary to maintain fidelity with the impression
procedures.[33] A precise master cast requires an impression

technique that replicates the intraoral position between
implants accurately in all dimensions. Achieving a rigid
connection between transfer copings enables accurate
reproduction of implant spatial relationships independent of
impression material considerations.[32]

During the comparative evaluation of the results of the present
study, it was found that all the three splinting materials used in
this study showed minimal variation in the reproduction of the
spatial relationship of implant analogs in the retrieved casts.
However, the measurements recorded by Coordinate
measuring machine for Group B splinted with pattern resin
were closer to the master model compared to Group A and
Group C, though statistically insignificant.

Coordinate measuring machine was used in this study for
recording measurements which provides a three-dimensional
analysis. However, the measurements in this study were
recorded only in horizontal plane. Considering possibilities of
discrepancies in other spatial planes, further comprehensive
studies are required.

The results of the present study were in support of the findings
by Joseph TM et al[34] in their study on evaluation of
positional accuracy in multiple implants using four different
splinting materials. They concluded that flowable composite
can be recommended as splinting material of choice for
multiple implant cases, as it exhibited similar results like
other groups (pattern resin and acrylic resin) which are
conventionally used.

Ibrahim and Ghuneim[35] reported no significant differences
on comparing composite resin and acrylic resin. In contrary,
Farshid Akbari Kamrani and Amir Namazi in their study on
comparison of accuracy of an open-tray implant impression
technique with three splinting materials using pattern resin,
acrylic resin and a dual-cured composite resin found that the
composite resin demonstrated better accuracy than the other
tested splinting materials.[36]

Conclusion:

On the basis of results, observations and statistical analysis,
the following conclusions were drawn:

1. Splinting of open tray impression copings with three
different splinting materials used in Groups A, B and C
respectively exhibited minimal alteration in positions of
implant analogs.
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2.

The measurements recorded by Coordinate measuring
machine were closer to the master model and within
acceptable clinical limits.

Group B splinted with pattern resin had more accurate
values similar to master model as compared to Groups A
and C splinted with acrylic resin and flowable composite
respectively. However, no statistically significant
difference was found between the three Groups.

Thus, the study concluded that the three splinting materials

namely acrylic resin, pattern resin and flowable composite

evaluated in the study can be recommended as splinting

material of choice for multiple implants using open tray

impression technique. It was observed that the splinting

materials were statistically similar to each other. Some

variations in results might be observed if the study was

performed under in vivo conditions or with more sample size.

References:

34

Schneider A, Kurtzman GM, Silverstein LH. Improving
implant framework passive fit and accuracy through the
use of verification stents and casts. J Dent Technol. 2001;
18:23-25.

Joseph Nissan and Oded Ghelfan, The press-fit implant
impression coping technique.J Prosthet Dent
2009;101:413-414

Barrett MG, de Rijk WG, Burgess JO. The accuracy of
six impression techniques for osseointegrated implants. J
Prosthodont. 1993; 2:75-82.

Wee AG. Comparison of impression materials for direct
multi-implant impressions. J Prosthet Dent. 2000;
83:323-31.

Wee AG, Aquilino SA, Schneider RL. Strategies to
achieve fit in implant prosthodontics: a review of the
literature. Int J Prosthodont. 1999; 12:167-78.

Lahori M, Mahesh L, Nagrath R, Singh S. An evaluation
of the accuracy of multiple implant impression
techniques: an in vitro study. J Implants Adv Clin Dent
2012 May-Jun; 4(3): 57-69.

Vigolo P, Majzoub Z, Cordioli G. In vitro comparison of

master cast accuracy for single- tooth implant

replacement. J Prosthet Dent 2000; 83:562-6.

Herbst D, Nel JC, Driessen CH, Becker PJ. Evaluation of
impression accuracy for osseointegrated implant
supported superstructures. J Prosthet Dent 2000;

83:555-61.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Michalakis KX, Kalpidis CD, Kang K, Hirayama H. A
simple impression technique for dental implants placed
in close proximity or adverse angulations. J Prosthet

Dent 2005;94:293-5.

Fueki K, Kimoto K, Ogawa T, Garrett NR. Effect of
implant- supported or retained dentures on masticatory
performance: A systematic review. J Prosthet Dent 2007;
98:470-17.

Faria AC, Rodrigues RC, Macedo AP, Mattos Mda G,
Ribeiro RF. Accuracy of stone casts obtained by different

impression materials. Braz Oral Res 2008; 22:293-8.

Lee H, SoJS, Hochstedler JL, Ercoli C. The accuracy of
implant impressions: A systematic review. J Prosthet

Dent 2008; 100:285-91

Wenz HJ, Hertrampf K. Accuracy of impressions and
casts using different implant impression techniques in a

multi- implant system with an internal hex connection.

IntJ Oral Maxillofac Implants 2008; 23:39-47

Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JY.
Clinical complications with implants and implant
prostheses. J Prosthet Dent. 2003;90:121-32.

Lee H, Ercoli C, Funkenbusch PD, Feng C. Effect of
subgingival depth of implant placement on the
dimensional accuracy of the implant impression:an in
vitro study. J Prosthet Dent. 2008; 99:107-13.

Al Quran FA, Rashdan BA, Zomar AA, Weiner S.
Passive fit and accuracy of three dental implant
impression techniques. Quintessence Int. 2012;
43:119-25.

Kim S, Nicholls JI, Han CH, Lee KW. Displacement of
implant components from impressions to definitive
casts. IntJ Oral Maxillofac Implants. 2006; 21:747-55.
Goll GE. Production of accurately fitting full-arch im-
plant frameworks: Part I--Clinical procedures. J Prosthet
Dent. 1991; 66: 377-384.

Humphries RM, Yaman P, Bloem TJ. The accuracy of
implant master casts constructed from transfer impres-
sions. IntJ Oral Maxillofac Implants. 1990; 5: 331-336.
Hsu CC, Millstein PL, Stein RS. A comparative analysis
of the accuracy of implant transfer techniques. J Prosthet
Dent. 1993;69: 588-593.

University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India



University J Dent Scie 2021; Vol. 7, Issue 2

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

35

Prithviraj DR, Malesh L, Pooja G, Shruthi DP. Accuracy
of the implant impression obtained from different
impression materials and techniques: Review. J Clin Exp

Dent2011;3:106-11.

Lee SJ, Cho SB. Accuracy of five implant impression
technique: Effect of splinting materials and methods. J

Adv Prosthodont2011;3:177-85.
Ma J, Rubenstein JE. Complete arch implant impression
technique. J Prosthet Dent 2012; 107:405-10.

Balamurugan T, Manimaran P. Evaluation of accuracy of
direct transfer snapon impression coping closed tray
impression technique and direct transfer open tray
impression technique: An in vitro study.J Indian

Prosthodont Soc 2013;13:226-32.

Geramipanah F, Sahebi M, Davari M, Hajimahmoudi M,
Rakhshan V. Effects of impression levels and trays on the
accuracy of impressions taken from angulated implants.

Clin Oral Implants Res 2015; 26:1098-105.

Mojon P, Oberholzer JP, Oberholzer JP, Meyer JM,
Belser UC. Polymerization shrinkage of index and
pattern acrylic resins. J Prosthet Dent. 1990;64:684-8.
Choi JH, Lim YJ, Yim SH, Kim CW. Evaluation of the
accuracy of implant level impression techniques for
internal-connection implant prostheses in parallel and
divergent models. Int J Oral Maxillofac Implants.
2007;22:761-8.

Naconecy MM, Teixeira ER, Shinkai RS, Frasca LC,
Cervieri A. Evaluation of the accuracy of 3 transfer
techniques for implant-supported prostheses with
multiple abutments. Int J Oral Maxillofac Implants.
2004;19:192-8.

Hazboun GB, Masri R, Romberg E, Kempler J, Driscoll
CF. Effect of implant angulation and impression
technique on impressions of Nobel Active implants. J
Prosthet Dent. 2015; 113(5):425-31.

Martinez-Rus F, Garcia C, Santamaria A, Ozcan M,
Pradies G. Accuracy of definitive casts using 4 implant-
level impression techniques in a scenario of multi-
implant system with different implant angulations and
subgingival alignment levels. Implant Dent. 2013;
22(3):268-76.

Shankar YR, Sahoo S, Krishna MH, Kumar PS, Kumar
TS, Narula S. Accuracy of implant impressions using
various impression techniques and impression materials.
J DentImplant. 2016; 6(1):29-36

32.

33.

34.

35.

36.

Herman B. Dumbrigue, Dincer C. Gurun and Nikzad S.
Javid. Prefabricated acrylic resin bars for splinting
implant transfer copings. J Prosthet Dent 2000; 84:108-
10.

Eames WB, Wallace SW, Suway NB, Rogers LB.
Accuracy and dimensional stability of elastomeric
impression materials. J Prosthet Dent. 1979
Aug;42(2):159-62.

Joseph TM, Ravichandran R, Lylajam S,Viswabharan P,
Janardhanan K, Rajeev S. Evaluation of positional
accuracyin multiple implants using four different
splinting materials: An in vitro study.J Indian
Prosthodont Soc 2018; 18:239-47.

Ibrahim TO, Ghuneim WA. Composite resin versus two
different splinting techniques on evaluation of
impression accuracy for dental implants. Life Sci J
2013;10:12.

Farshid Akbari Kamrani, Amir Namazi,
Hamedy,Pakhshan Ghaderi. Accuracy of an open-tray
implant impression technique with 3 splinting materials:
Anin vitro study.General dentistry 2014; 62(2):62-6

Reza

University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

