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ABSTRACT

Background: Implants are not as mobile as natural teeth due to the absence of the periodontal
ligament, which means that they cannot adapt to distortions and misfit at the implant-abutment
interface. The success of implant-supported prostheses largely depends on achieving a passive fit
between the implant components. Failure to achieve a passive fit may result in a range of biological
and mechanical complications. Therefore, the precision of fit and passivity of implant-supported fixed
dental prostheses are heavily influenced by the choice of impression materials and techniques used.
Materials and Methods: The search was performed in electronic database (i.e. PubMed,
ScienceDirect, Lilacs, Cochrane Database of Systematic Review, Google Scholar, Europe PMC,
Wiley online library) using a combination of controlled vocabulary from January 1, 2010 to March 1,
2021. The combined data was analysed. Factors which affect the accuracy were pinned down and their
impact on the outcome was accessed.

Results: The 21 studies which fulfilled the inclusion criteria included 3 clinical and 18 in vitro studies.
Most in vitro (10/18) and all clinical studies demonstrated that the splinted technique was more
accurate when compared to non- splinted technique. 7 in vitro studies compared various impression
materials and showed no statistical difference between poly-ether and polyvinyl siloxane, but 2 studies
reported occlusal registration material and impression plaster used for non- splinted impressions to be
as accurate as splinted impressions. All of the studies reported open tray technique to be better than
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closed tray. 9 in vitro studies reported on the use of different splinting methods as well as modifications
for unsplinted impression copings with conflicting results. Although 2 out of 3 studies reported air-
abraded, adhesive coated and unilateral extended unsplinted copings to give as accurate results and
splinted copings in the accuracy of casts obtained. 9 invitro and 3 clinical studies demonstrated that
with the increase in angulation of implants, the accuracy of impressions decreases and splinted copings
are preferred while 2 among the in-vitro reported no change in accuracy from 0-15 degrees.

Conclusion: The current literature points towards splinted technique to have better impression
accuracy as compared to non- splinted technique but the clinical studies included show serious risk of
bias. Angulation of implants play a major factor in influencing the accuracy of impressions made.
Angulated implants show less accurate impressions as compared to parallel implants. No difference
was observed between traditional impression materials like PVS and PE for the impression technique.
Unconventional implant materials like occlusal registration materials have shown promise. Better

structured and randomized clinical trials are needed to formulate a definite protocol.

Keywords: Implant, Systematic, clinical, traditional

Aim

The aim of this systematic review is to evaluate
the efficacy of splinted versus non-splinted
direct impression techniques in completely
edentulous patients requiring implant supported
prostheses.

Structured Question

Is there a difference in the accuracy of splinted
and non-splinted direct impression techniques for
completely edentulous patients requiring implant
supported prostheses?

PICO Analysis

Population: Completely edentulous patients/
models

Intervention: Non-splinted implant impression
Comparison: Splinted implant impression
Outcome: Accuracy, Fit of framework

Study design: Clinical and in vitro studies

Null Hypothesis

There is no difference between the accuracy of
non-splinted and splinted direct impression
technique for full arch implant prostheses.

Alternate Hypothesis

There is a difference between the accuracy of
non-splinted and splinted direct impression
technique for full arch implant prostheses.

INTRODUCTION

The field of implant technology has undergone
significant advancements in recent years, with
new techniques and materials emerging. These
developments, coupled with the long-term
success of implants, have made implant-
supported prostheses the preferred treatment
option for restoring both function and aesthetics
in edentulous patients(1). Several in-vivo studies
have demonstrated the long-term efficacy of this
kind of treatment approach(2)(3). As endosseous
implants are  osseointegrated  (functional
ankylosis) with alvelolar bone, they don’t have
the inherent mobility as provided by the
periodontal ligament of natural teeth. Hence, they
cannot accommodate distortions and misfit at
implant-abutment interface. (4). Achieving a
passive fit between implant components and the
prosthetic superstructure is crucial for the success
of implant-supported prostheses. When passive
fit cannot be achieved, several biological and
mechanical complications may arise, such as
screw loosening or fracture, increased plagque
accumulation, loss of osseointegration, or even
implant fracture. Therefore, ensuring a passive fit
is essential for minimizing the risk of
complications and achieving optimal treatment
outcomes.(5)

Impression materials and techniques are
fundamental in the precision of fit and passivity
of implant-supported fixed dental prostheses.(6).
Various factors involved in implant impression
precision have been investigated in literature
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(e.g., impression material and technique adopted,
splinting of impression copings, implant
angulation, and depth)(7)(8,9)(10). There are
currently two primary impression techniques for
replicating the implant position as in the oral
cavity to the working model: the direct
impression procedure (also known as the open-
tray technique) and the indirect impression
procedure (also known as the closed-tray
technique). In the direct impression technique,
the transfer copings for impression are captured
within the impression when its removed from the
oral cavity. In the indirect technique, the transfer
impression copings remain attached to the
implants as the impression is removed and are
later repositioned into the impression. According
to most research studies, the direct, open tray, or
pick-up method is superior to the indirect, closed
tray, or transfer technique, as it produces less
distortion, particularly for multi-unit implant
impressions.(9)(11)(11,12)(13)(14)

With direct technique, both splinting and non
splinting (with certain modifications) of
impression copings to improve the accuracy of
the impression have been advocated.Acrylic
resin and dental plaster have traditionally been
used to splint impression copings, but the effect
of these materials in maintaining the accurate
inter-implant positions during direct impression
transfers and fabrication of precise implant cast
is not clear(15)(16) Studies have demonstrated
that bite registration elastomers, prefabricated
acrylic/metal bars, and other rigid materials can
have a positive impact on the accuracy of multi-
unit implant impressions. This is due to their
ability to maintain dimensional stability and
rigidity during the impression-taking process. As
a result, these materials are often recommended
for use when capturing implant positions to
achieve the  best  possible treatment
outcomes.(17)(18)

There have been inconsistent findings in the
current research pool concerning the accuracy of
direct non-splinted and direct- splinted
techniques for implant-supported prostheses(6).
While some studies have shown that direct-
splinted transfer impression techniques show
more  accuracy than  direct/non-splinted
impression procedures,(19)(20)(21) other studies

have reported the opposite.(22)(23) However,
few studies have revealed that there is no
statistical significant difference in-between the
splinted and non-splinted impression
techniques.(24)(25)(26)

These results are majorly based on in vitro
studies and the few clinical studies which are
present are non-randomised.(27). No definite
technique has been recommended for varied
clinical situations that might be encountered in a
completely edentulous patient where full arch
implant placement has to be carried out.
Therefore the aim of the current systematic
review is to evaluate the efficacy of splinted
versus non-splinted direct impression technigques
in completely edentulous patients requiring
implant supported prostheses and formulate a
definitive protocol.

METHODOLOGY
The current systematic review is conducted in
accordance with the guidelines provided for
Transparent reporting of Systematic Reviews and
Meta-Analysis (PRISMA Statement)(28). The
goal of this systematic review was to mainly
assess and compare the accuracy of splinted
implant impression techniques to the non-
splinted ones. In addition, the review aimed to
evaluate the impact of various factors on implant

impression accuracy, such as impression
materials, splinting materials, and implant
angulation.

Search Strategy

For identification of the studies included or
considered for this review, detailed search
strategies were developed for the database
searched. The MEDLINE search used the
combination of controlled vocabulary and free
text terms in English. 7 databases were used-

PubMed

ScienceDirect

Lilacs

Cochrane Database of Systematic Review
Google Scholar

Europe PMC

Wiley online library
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The time period extended from January 1, 2010
to March 1 2021. The search strategy included
the following keyword combinations: (((((Full
arch implant prostheses) OR (full mouth Implant
prostheses)) OR (edentulous patients)) OR
(Hybrid prostheses)) OR (splinted implant
prostheses)) OR (Hybrid denture) AND ((((Non
splinted implant impression) OR (open tray

Search Actions Details Query
#5 “ee >

#4 >

Search: (((Accuracy) OR (passive

impression)) OR (Direct implant impression))
OR (Direct impression technigue)) OR (Open
tray impression technique) AND ((((Splinted
implant impression) OR (open tray impression))
OR (Direct implant impression)) OR (Direct
impression  technique)) OR (Open tray
impression technique) AND (((Accuracy) OR
(passive fit)) OR (precision)) OR (Passivity)

Results

Search: #1 AND #2 AND #3 AND #4 68

804,033

fit)) OR (precision)) OR (Passivity)

#3 .es >

Search: ((((Splinted implant

1,782

impression) OR (open tray
impression)) OR (Direct implant
impression)) OR (Direct impression
technique)) OR (Open tray
impression technique)

#2 e >

Search: ((((Non splinted implant

1,687

impression) OR (open tray
impression)) OR (Direct implant

#1

impression)) OR (Direct impression
technique)) OR (Open tray
impression technique)

> Search: (((((Full arch implant
prostheses) OR (full mouth Implant
prostheses)) OR (edentulous
patients)) OR (Hybrid prostheses))
OR (splinted implant prostheses))
OR (Hybrid denture)

19,087

FIGURE 1: The search methodology employed ( P I C O from #1 to #4 respectively)

Inclusion Criteria

e Studies conducted on completely edentulous
patients or models indicated for implant
supported prosthesis

e Comparison of non splinted and splinted
direct impression techniques

e English language articles were considered

e Accuracy assessment and methodology
mentioned

e Invitro and in vivo studies

o All literature published on and after 2010

Exclusion Criteria

o Partially edentulous patients/ models

e Case reports and reviews

e Only one method of direct impression used
(splinted or non-splinted)

e Multiple publications of the same literature.

o All literature published before 2010

Selection Strategy and Data Collection

The search for relevant articles was conducted
using the keywords and databases mentioned
earlier, with duplicates removed through
electronic means. Two reviewers (ADS and VB)
screened the titles and abstracts of the remaining
citations for potential inclusion based on pre-
determined criteria. Full-text versions of the
selected articles were obtained and independently
screened by the two reviewers according to the
inclusion and exclusion criteria. Figure 2
illustrates the screening process. Data were
collected wusing a standardized electronic
spreadsheet, which included details such as study
design, edentulous jaw, number of implants,
impression techniques used, connection type,
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abutment angulations, accuracy method, implant
brand, splint method and material, impression
material, and impression accuracy results.

Risk of bias assessment

The assessment of the risk of bias was performed
using the risk of bias in non-randomized studies
of intervention (ROBINS-I) tool(29). The risk of
bias in the selected studies was assessed for
potential confounding factors, such as missing
information on implant angulation, use of both

techniques on the same patient, and impressions
made by a single clinician. Other factors that
were evaluated included participant selection,
intervention classification, deviations from the
intended intervention, missing data, outcome
measurement, and selection of reported results.
Each included study was ranked independently
by the reviewers, with any disagreements
resolved through discussion. In vitro studies were
not subjected to bias analysis as no suitable tool
is available for this purpose(30).

Records Revords Records Records Records Records Records
identified from identified identified from identified from identified from identified from identified
PubMed c ;““’“ﬁh . Science Direct LILAC Search EuropePMC Google using WILEY
chrane cent
Secarch E;m’::‘.:m:: Search (n=0) (n=13) Scholar Search || online library
(=109 {=0) (n=67) (n=143) (n=51)
| I
Total no. of articles (n=
383) -
H Removal of
"5 duplicates
= (n=96)
=
3
i~ Articles identified after
removing duphcates
(n=287)
Records excluded
after reading the
titles (n=125)
=1
=
-
E Articles identified after
o reading titles (n=162)
>
w
Articles excluded with
reason after reading
abstracts (Table 1)
(n=153)
z
= Articles identified after
S0 reading abstracts (n=09)
=
=
z l
g
= Studies included in
E qualitative synthesis
= (n=09)

FIGURE 2: Prisma flowchart

TABLE 1: Excluded studies and the reason for exclusion

S.no. Author Year Reason of Exclusion

1 KimKRetal 2019 Comparison between the splinted and non-splinted
impression techniques not made.

2 Huang R et al 2020

3 Ozan Oetal 2019
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4 Osman M et al 2019

5 Roig E et al 2019 Full arch Implant models not used

6 Ozcelik et al 2018 Comparison between the splinted and non-splinted
impression techniques not made

7 Dang L et al 2020 mpresst 10

8 Liu Y etal 2019

9 Ribeiro et al 2018

10 Badwal A Setal 2019

11 Nishioka R S et al 2018 Comparison done for only 3-unit implant prostheses

12 Bratis M et al 2018 Comparison between the splinted and non-splinted

- impression techniques not made

13 Basaki K et al 2017

14 Selvaraj S et al 2016

15 Di Fiore A et al 2015

16 Saboury et al 2017 Full arch Implant models not used

17 Kurtulmus-Yilmaz S et al 2014 Comparison done on partially edentulous models

18 Alshawaf B et al 2018 Comparison done on partially edentulous models

19 Gallucci G O et al 2011 Comparison done on partially edentulous models

20 Bergin J M et al 2013 Comparison between the splinted and non-splinted
impression techniques not made

21 Beyabanaki E et al 2017 Full arch Implant models not used

22 Revilla-Leon M et al 2018 Comparison between the splinted and non-splinted
. . hni

7 ALAbdullan K et al 2013 impression techniques not made

24 Roig E et al 2021

25 Enkling N et al 2012 Comparison done on partially edentulous models

26 Tarib N Aetal 2012 Full arch Implant models not used

27 Alikhasi M et al 2018 Comparison between the splinted and non-splinted
. . hni

o8 Knechile N 2071 impression techniques not made

29 Chaudhary N K et al 2021

30 Tandon A et al 2018

31 Tuwaijri et al 2018 Comparison between the splinted and non-splinted
impression techniques not made

32 George JS et al 2019

33 Banjar A et al 2020

34 Sallam H l et al 2016

35 Abdalla M F et al 2016

36 Al-Mahdy et al 2017

37 Chochlidakis K et al 2020

38 Amin Setal 2016

39 Gupta et al 2016
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TABLE 2: Characteristics of included studies (OT- Open Tray, CT- Closed Tray, DI- Digital
Impressions, S- Splinted, NS- Non-Splinted, NR- Not Reported, DF- Dental Floss)

Autho | Study | Edentulo | No. of | Impressi | Accurac | Impla | Splint Splint Connectio | Angulati | Impression
r and | design | usjaw Implan | on y nt Method Material | n type on accuracy
Year ts techniqu | method | Brand
e
Marti | In Maxilla 6 CT, OT-|3D Zimm | -Splint with | - Internal 0, 15, 30 | Splinted more
nez- vitro NS, OT- er prefab Impressi degrees accurate
Rus et S Dental | metal on
al , framework | plaster
2013 Carlsb | -Splint,
ad, CA | section, -Duralay
rejoin resin
Castro | In Mandible | 4 OT-S, 3D INP; Splint, Palavit External Parallel No difference
et al | vitro OT- NS Sistem | section, G
2018 a de [ rejoin
Impla
ntes
Nacio
nal e
de
Prétes
es
Comér
cio
Ltda,
Séo
Paulo,
Brazil
Richi | In Maxilla 6 OT-S, 3D T6 Splint, Pattern Internal 0, 10, 20 | Splinted more
et al | vitro OT- NS 4110; | section, Resin degrees accurate
2020 Nucle | rejoin LS
0SS,
Mende
res,
[zmir,
Turke
y
Baig In Mandible | 6 oT-S, 3D Strau | -Splint, -GC Internal Parallel No difference
et al | vitro OT- NS mann, | section, pattern
2017 Basel, | rejoin resin
Switze [ -Splint -
rland | -Splint Ramitec
-GC
Exabite
I NDS
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Buzay | In Mandible | 6 oT-S, 3D Strau | -Splint, -Duralay | Internal Parallel No difference
an et | vitro OT- NS mann, | section, -
al Basel, | rejoin Ramitec
2013 Switze | -Splint -Exabite

rland | -Splint
Khors | Clinic | Maxilla 6 OT-S, 3D Not Splint Duralay | NS Angulate | Splinted more
hid et | al OT- NS specifi resin d, NR accurate
al ed
2018
Ghane | In Mandible | 4 oT-S, 2D TUT Splint, Duralay | Internal Parallel Splinted more
m et al | vitro OT- NS Dental | section, resin accurate
2014 implan | rejoin

ts,

Egypti

an Co.

for

Dental

Impla

nts,

Cairo,

Egypt
Rama | In Mandible | 4 OT-S, 3D Nobel [ -Splint, -GC Internal Parallel Splinted more
subhra | vitro OT- NS Replac | section, pattern accurate
mania e rejoin resin
m et al Select, | -Splint -Imprint
2010 Nobel [ -Splint bite

Biocar -

e Ramitec
Ribeir | In Maxilla 4 OT-S, 3D Klock | -Splint, GC Internal 0, 15 | Splinted more
o et al | vitro OT- NS, ner section, pattern degrees accurate
2018 CT, DI Impla | rejoin resin

nt

Syste

m SA,

Barcel

ona,

Spain
Mosta | In Mandible | 4 OT-S, 2D Micro | Splint with | GC Internal Parallel No difference
faetal | vitro OT- NS dent prefab. pattern
2010 Impla | Acrylic bars | resin

nt

Syste

m,

Micro

dent
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Shank | In Mandible | 6 oT-S, 3D ADIN | -Splint, -GC Internal 0, 10, 20 | Splinted more
ary et | vitro OT- NS Dental | section, pattern degrees accurate
al Impla | rejoin resin
2016 nt -Splint -Plastic
Syste rod +
ms GC
Ltd., pattern
Afula, resin
Israel
Shank | In Maxilla 4 oT-S, 3D Dentiu | -Splint, -GC Internal Angulate | Splinted more
ar S et | vitro OT- NS m section, pattern d, NR accurate
al Impla | rejoin resin
2020 nt -Splint with | -
India | prefab bar | Titaniu
Pvt. m
Ltd,
Benga
luru,
India
Menin | In NR 4 OT-S, 3D Biome | Splint Duralay | External Parallel No difference
i et al | vitro OT- NS, t 3 resin
2017 CT, DI Palm
Beach
Garde
ns, FL,
USA
Papas | Clinic | Maxilla/ | 5to8 | OT-S, 2D Nobel | Splint, DF and | External Angulate | Splinted more
pyrida | al Mandible OT- NS Biocar | section, Triad d, NR accurate
kos et e, rejoin gel
al Brane
2011 mark
Papas | In Mandible | 5 OT-S, 3D Strau | Splint, Triad Internal 0, 10, 15 | Splinted more
pyrida | vitro OT- NS, mann, | section, gel degrees accurate
kos et DI Basel, | rejoin
al Switze
2015 rland
Papaz | In Mandible | 4 oT-S, 3D Xive; | Splint, GC Internal Parallel No difference
ogluet | vitro OT- NS, Dents | section, pattern
al CT ply rejoin resin
2019 Sirona
Peraet | In NR 4 OoT-S, 3D Biome | Splint Duralay | External Angulate | No difference
al vitro OT- NS, t 3 resin d, NR
2015 CT Palm
Beach
Garde
ns, FL
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Pujari | In Maxilla 4 oT-S, 3D LifeCa | Splint, DPI- RR | Internal Parallel Splinted more
et al | vitro OT- NS re section, cold accurate
2014 Devic | rejoin cure
es Pvt
Ltd,
Mumb
ai,
India
Elshe | In Mandible | 3 OoT-S, 3D Osseo | Splint, Acrosto | Internal 0, 15, 30 | Splinted more
nawy | vitro OT- NS, Link section, ne cold degrees accurate
et al CT USA rejoin cure
2018
Tsagk | In Maxilla 6 oT-S, 3D Dr Splint, Duralay | Internal 0, 15, 25 | Splinted more
alidis | vitro OT- NS, lhde section, resin degrees accurate
et al CT Dental | rejoin
2015 AG,
GmbH
Papas | Clinic | Maxilla/ | 5to8 | OT-S, 2D Nobel | Splint, DF and | External Angulate | Splinted more
pyrida | al Mandible OT- NS Biocar | section , | Triad d, NR accurate
kos et e, rejoin gel
al Brane
2012 mark
TABLE 3: ROBINS-I Risk of bias analysis for non randomised clinical trials for the included
studies
Author | Confou | Selecti | Classificati | Deviations Missing Measurement  of | Selection of | Overall
and nding on of | on of | from data outcomes reported results
year of particip | interventio | intended
publica ants ns intervention
tion S
Papasp | Moderat | Modera | Low Moderate Low Low Low Moderate
yridak | e te
os et al
2011
Papasp | Serious | Modera | Low Moderate Low Low Low Serious
yridak te
os et al
2012
Khorsh | Serious | Modera | Low Moderate Low Low Moderate Serious
id et al te
2018
RESULTS revealed 60 articles. Among the 60 studies

Search results

The first search of the keywords yielded 258 hits
after which 77 were discarded as they were
duplicates. The subsequent analysis of the titles
identified 155 studies. The abstract investigation

selected for full analysis, 21 articles were
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Following the full text analysis, three clinical and
18 in-vitro studies met review’s inclusion criteria
and were used for the statistical analysis. It
should be noted that dissimilar two- dimensional
(2D) and three- dimensional (3D) measurement
tools were used to assess accuracy. Comparing
the studies was challenging because some used
3D equipment but only measured 2D horizontal
distances for comparison. Optical scanning and
an designing software for superimposition of
scanned data sets are now considered as precise
and efficient techniques to measure and compare
discrepancies between different groups in a three
dimensional microscopic level. This technique is
recommended for future investigations. The
details of the studies included are presented in
Table 2.

Risk Of Bias

The risk of bias judgements in ROBINS-I
including pre-, at-, and post-intervention domains
are depicted in Table 3. 2 of the included clinical
studies were evaluated to have an overall serious
risk of bias and one has an overall moderate risk
of bias.

Summary statistics

Impression Materials Used

7 in-vitro studies included in this review
compared various impression materials used for
the two different impression
techniques.(10)(8)(7,31)(25) (31)(26,32).

3 of the studies reported no difference between
polyvinyl siloxane (PVS) and polyether (7,8,31),
one reported polyether to be better(32) while one
reported PVS gave better results(25).

2 in-vitro studies used a newer impression
material-  Vinylpolyether siloxane (VPES)
among which 1 reported similar results as
polyether(10) while the other reported VPES to
be more accurate (7).

2 studies used unconventional implant
impression materials like- occlusal registration
material and impression plaster, both of which
reported better accuracy than conventional
impression materials(26,31)

Impression Technique
Closed tray versus Open tray

7 in-vitro studies compared open tray technique
with a closed tray technique and all of them
reported open tray to be  more
accurate.(9,11,12,21,26,31)(33)

Splinted versus Non- Splinted

18 laboratory and 3 in- vivo studies compared the
accuracy of splinted vs. non- splinted impression
techniques. 8 laboratory studies reported no
difference between splinting and not splinting the
implants during open tray impression.(8,10—
12,24-26,31) and 10 in vitro studies reported
splinted technique to be significantly better than
non- splinted (9)(7,17,20,21,32-36)

All 3 clinical studies displayed that the splinted
impressions were more accurate than the non-
splinted impressions and recommended the
former for clinical use. (19,37,38)

Various Splinted Materials

9 in vitro studies used various splinting materials
or modifications of non splinted impression
copings. 2 studies used preformed metal bars to
splint the copings and compared it with acrylic
resin. One reported metal splinted to be more
accurate (36) while the other one reported no
difference (9).

3 studies compared bite registration PE , PVS and
autopolymerizing acrylic resin as splinting
materials. 2 of them reported no difference
(10,25) while one demonstrated bite registration
PE to be more accurate followed by acrylic resin
and bite registration PVS(17). 1 study used
plastic rods (stirrer) to splint and reported it to be
not as accurate as acrylic splinted
impressions.(7). 3 in vitro studies compared
conventional acrylic splinting with modifications
of unsplinted copings like air abrasion followed
by impression adhesive coating , unilateral
acrylic extensions. 2 studies reported modified
unsplinted impressions to be as accurate as

J Popul Ther Clin Pharmacol Vol 30(10):e292—e308; 04 May 2023.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2021 Muslim OT et al.

e302


https://paperpile.com/c/sWcOeC/Xkrj9
https://paperpile.com/c/sWcOeC/IfKaH
https://paperpile.com/c/sWcOeC/RVQsW+8YVRj
https://paperpile.com/c/sWcOeC/VWYhl
https://paperpile.com/c/sWcOeC/8YVRj
https://paperpile.com/c/sWcOeC/DEJ8o+vKUdf
https://paperpile.com/c/sWcOeC/RVQsW+8YVRj+IfKaH
https://paperpile.com/c/sWcOeC/vKUdf
https://paperpile.com/c/sWcOeC/VWYhl
https://paperpile.com/c/sWcOeC/Xkrj9
https://paperpile.com/c/sWcOeC/RVQsW
https://paperpile.com/c/sWcOeC/8YVRj+DEJ8o
https://paperpile.com/c/sWcOeC/rxH4o+mQKky+AOKKn+DEJ8o+7Ivua+8YVRj
https://paperpile.com/c/sWcOeC/kuVpe
https://paperpile.com/c/sWcOeC/Xkrj9+AOKKn+nbVWy+mQKky+VWYhl+8YVRj+IfKaH+DEJ8o
https://paperpile.com/c/sWcOeC/Xkrj9+AOKKn+nbVWy+mQKky+VWYhl+8YVRj+IfKaH+DEJ8o
https://paperpile.com/c/sWcOeC/rxH4o
https://paperpile.com/c/sWcOeC/2UdRi+tyZxr+vkbNy+RVQsW+cJP2p+yHXXu+vKUdf+kuVpe+7Ivua
https://paperpile.com/c/sWcOeC/SHTSS+gY4e6+wo4Tr
https://paperpile.com/c/sWcOeC/cJP2p
https://paperpile.com/c/sWcOeC/rxH4o
https://paperpile.com/c/sWcOeC/Xkrj9+VWYhl
https://paperpile.com/c/sWcOeC/vkbNy
https://paperpile.com/c/sWcOeC/RVQsW

Efficacy of Splinted and Non-splinted Direct Impression Techniques for Completely Edentulous Patients Requiring

Implant Supported Prostheses- A Systematic Review

acrylic splinted impressions.(8,35) while one
study showed splinted to be superior (32).

Digital versus Conventional Impression

3 in vitro studies compared conventional splinted
open tray impressions with a digital technique.
One reported digital to be better(12), one
demonstrated digital to be better for parallel
implants but similar as conventional for
angulated implants(11) and one showed no
difference between the two (20).

Implant Angulation

Regarding Implant angulation, 9 invitro and three
in-vivo studies elaborated on accuracy outcomes
in respect to implants placed with various
angulations. The three clinical studies did not
focus on the details of the implant angulation but
reported that splinted technique was clinically
better than non splinted technique for angulated
implants.(19,37,38).

5 of the 9 in-vitro studies demonstrated that
splinted implant technique was statistically
significantly better than non-splinted or close
tray while taking the impression for angulated
implants(7,9,11,21,34). 2 studies reported that
angulation till 15° did not affect the accuracy of
implant impression.(20,33) 2 studies did not
specify the implant angulations and no
correlation was made (26,36).

DISCUSSION
Among 258 initial hits, 21 studies were included
in the present review which included 3 clinical
and 18 in vitro studies. The primary objective of
this systematic review was to elaborate on and
compare the accuracy of splinted implant
impression technique with non-splinted ones.
The secondary goals were to assess various
impression materials, splinting materials used,
and implant angulation’s effect on the accuracy
of full arch implant impressions.

In implant prosthodontics, only when passively
fitting prostheses are fabricated, can a good result
be obtained. When attaching the superstructure to
the abutments, excessive torque on the screws
will jeopardize the result. Designing should be

performed on a master cast that reproduces the
location of the abutments in the patient's mouth
as precisely as possible so as to eliminate fit
discrepancies. The accuracy of the impression
made is a significant factor that affects precision
of fit.(39)

Impression Materials

Only in vitro studies evaluated differences
between various impression materials with varied
observations. The general agreement among the
studies reviewed was that polyether (PE) is the
preferred material for achieving precise
orientation of implant analogs in the laboratory
master casts. This could be attributed to the
greater rigidity of PE compared to regular body
polyvinyl siloxane (PVS), which helps to prevent
motion of the impression transfer copings within
the impression material.(40). A newer impression
material, PVES showed comparable results to PE
and PVS if not more accurate(7,10). Use of more
rigid materials like occlusal registration material
and impression plaster produced more accurate
impressions.(26,31). Although use of such
materials is only advised for completely
edentulous patients as these materials cannot be
retrieved from undercuts. The findings of this
review are in full accordance with those
supporting that such rigid materials could offer
remarkable advantages for implant impressions
in patients with full-arch rehabilitations(41)(42).
Though clinical feasibility of using such
materials in daily practice is questionable(43).

Impression Technique

Included in-vitro studies had a unanimous
conclusion that open tray was significantly better
as compared to close tay impressions and has
been established in the past studies
(44)(45)(46)(46,47)

Based on 18 in vitro and 3 clinical studies, the
scientific evidence regarding splinted vs non-
splinted techniques supports the use of splinting
impression copings for full arch implant
impressions. These findings are consistent with
previous research that suggests splinting leads to
better reproduction of implant positions in the
resulting cast.(48)(49)(50)(6)(27).The splinting
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technique requires more time for impression
making compared to the non-splinting method.
However, it has been recommended to maintain
a more precise interimplant relationship and
avoid rotation of impression copings in the
impression during fastening of the implant
analog, which is a drawback of the direct
impression method(17)(51). Taking into account
the clinical studies, 2 of them displayed a serious
risk of confounding in form that separate
technique was followed for  different
individuals(38), and accuracy was measured on
casts instead in patient’s mouths(19). All of the
clinical studies showed the confounding in not
reporting the implant angulations.

Studies included in the current review (only in
vitro) reported contradicting results on the
comparison of accuracy of digital versus a
conventional impression technique and drawing
out concrete results is not possible(52).Notably,
however, numerous factors pertaining to the oral
cavity can influence the accuracy of optical
impressions, including lack of space, patient
movement, and saliva flow (53). Therefore, in
vivo studies investigating full-arch impressions
acquired via digital intraoral impression
techniques are necessary.p; result by splinting of
angulated implants. .(20,33)

Splinting Material

According to the current review, acrylic resin is
commonly used for splinting impression
copings.(6)To minimize the adverse effects of
polymerization shrinkage, it is recommended to
separate the autopolymerizing resin (AR) splint
after polymerization and reconnect it with a small
amount of the same material. Research shows
that 80% of the AR shrinkage occurs within the
first 17 minutes(54). The splint, section, and
rejoin method was followed by 15 in vitro and 2
clinical studies included in the review.

Use of more rigid materials than AR to splint like
prefabricated metal bars and bite registration PE
material is slowly gaining popularity(55). Even
modifications of unsplinted copings showed
comparable accuracy to AR splinted coping
impressions. These results were similar to as
observed by other authors(50)(56). Although, the

in vitro studies which reported on the outcome
used only parallel implants, which can be a
confounding factor while taking
impressions(57).

Implant Angulation

Implant angulation is an important factor that can
affect the accuracy of implant impressions.
Impressions made with angulated implants may
result in lower accuracy compared to those made
with parallel implants. This can be attributed to
the distortion of the impression material caused
by the different angulations of the implants. The
higher forces required to remove the impression
copings after the impression material has set may
also contribute to this distortion(58,59)(47).
Most of the studies included in the review
reported that splinted impressions were more
accurate for angulated implants. However, two
in- vitro studies displayed no significant
difference in between splinted and non-splinted
impressions in implant angulations up to 15°. The
varying results can be attributed to the
differences in evaluating impression accuracy,
number of implants, degree of angulation, and
impression material used. Thus, more controlled
studies are required to establish a standardized
protocol.

Accuracy Assessment

Different methods have been used to evaluate the
accuracy of implant impressions, including
coordinate measuring machines, travelling

microscopes, CT scans, and optical scanning.
However, it is important to note that the
machining tolerance, which refers to the
rotational displacement that can occur during the
connection of prosthetic components, is an
unknown variable that can affect the accuracy
measurements.(60) This tolerance cannot be
controlled by the clinician, and it varies between
different implant systems. Therefore, it is crucial
to consider the potential impact of machining
tolerance when interpreting the results of
accuracy assessments(61)(62).

Study Setting
Among the 3 included clinical studies, two
reported that both impression techniques were
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performed on the same individual while in one, it
was performed for different individuals and
comparison was done. This is indicative of a
weak internal validity of the systematic review.
Nevertheless, included studies showed a pan-
global distribution indicative of a strong external
validity for the current review. ROBINS-I tool
was used to assess risk of bias for the non
randomised clinical studies and revealed 2 out of
three clinical studies to have serious risk of bias
overall and due to confounding, while one
showed moderate risk of bias. This brings the
level of evidence of the current review into
question.

Limitations & Future scope

The available data for the systematic review is
limited as it mainly comprises in-vitro studies.
Only three non-randomized clinical studies from
the past decade could be identified. The use of in-
vitro setups in the majority of studies reduces the
informative value of the data for clinicians. The
decision to use either splinted or non-splinted
implant impressions should be based on available
data for the accuracy of each technique. Hence,
evidence-based data and randomized clinical
trials are essential to support clinical guidelines.
The current literature does not provide high-
quality evidence to support the selection of a
specific impression technique.

CONCLUSIONS
Inspite of the limitations of the present systematic
review, the following conclusions can be drawn:

Although the current literature points to the
splinted technique to give more accurate
impressions, the clinical studies lack internal
validity with serious risk of bias for confounding.
Therefore further regulated and randomised
clinical trials are needed to formulate a proper
protocol for impression technique to be used.

Impressions made with angulated implants are
less accurate than those made with parallel
implants. However more clinical studies are
required to establish a definite connection
between various angulations of implant and
accuracy of it’s impression.

The open tray impression technique was more
accurate than the close tray impression
techniques for completely edetulous patients.

There is no difference between the traditional
impression materials like PVS and PE used for
the two techniques. Unconventional implant
materials like occlusal registration materials have
shown promising results, but lack standardized
evidence for clinical acceptance.
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