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Abstract

A systematic review of the accuracy and the assessment methods

of implant impression techniques

Kyoung Rok Kim, D.D.S.

Department of Dentistry
the Graduate School, Yonsei University

(Directed by Professor Sunjai Kim, D.D.S., M.S.D., PhD.)

Objectives: The aim of the present systematic review was to evaluate and compare the
results of implant impression studies based on the assessment methods used. The
characteristics of each assessment method were also analyzed to determine the benefits
and disadvantages of each assessment.

Sources and study selection: An electronic search of the PubMed/MEDLINE database
was performed in February 2013 using specific search terms and predetermined criteria to
identify and assess laboratory studies of the accuracy of implant impression techniques. A
final list of articles deemed to be of interest was comprehensively reviewed to ensure that
these were suitable for the purpose of this review. The results of the current review were
also compared with results from a previous review.

Conclusions: Most studies measured the extent of linear distortion between specific

reference points to assess the accuracy of implant impression techniques. The effects of



splinting and of different splinting materials on impression accuracy were the most
common factors used for comparison. Recently published studies preferred direct to
indirect impression and splint to non-splint techniques. The number of studies performed

using internal connection implants is increasing.

Key words: implant, impression, accuracy, assessment method
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of implant impression techniques

Kyoung Rok Kim, D.D.S.

Department of Dentistry
the Graduate School, Yonsei University

(Directed by Professor Sunjai Kim, D.D.S., M.S.D., PhD.)

I. Introduction

The passive fit of an implant prosthesis is considered a significant factor in its long-
term success' as misfit risks biologic and mechanical failure."? Although it is difficult to
obtain a complete passive fit, it is important to minimize the discrepancy of fit.> Errors in
the implant impression procedure during fabrication of the definitive cast can cause misfit
of the implant superstructure.® Therefore, fabrication of a precise definitive cast that
exactly transfers the intraoral positions of the implants or abutments is essential for the

long-term stability of the implant prosthesis.’

The accuracy of a definitive cast for the production of an implant prosthesis is

influenced by the impression technique used,® non-parallel placement of implants,” ®



depth of the implant position,® the type of impression material used,® dimensional
stability of the gypsum used to fabricate the cast,"* the die system used,"* and by the

length of the impression copings.™

In general, implant impression techniques can be classified as either direct (pick-up) or
indirect (transfer). Direct techniques are also described as open tray impression
techniques because the tray has an open window for unscrewing the guide pins of the
impression copings. These techniques can be subdivided into splint and non-splint
techniques.* ** Indirect techniques are also known as closed tray impression techniques.
Numerous investigations have compared the accuracy of different impression techniques,
impression materials, implant connection systems, and different implant placement

situations, but no consistent results have been reported.*®

Recently, an optical impression technique that uses special healing abutment instead of
impression copings was introduced into clinical implant dentistry."” Digital impression
techniques seem to have several advantages including patient comfort, removal of
possible errors associated with elastic materials, and increased cost effectiveness.'®

However, a limited number of studies have assessed these techniques.*” %2

Different measurement devices, including profile projectors, microscopes, coordinate
measuring machines, and strain gauges, have been used to evaluate the accuracy of
implant impression techniques. However, even when the same devices have been used
these have been applied differently in different studies. To date, most implant impression

studies have just reported on the type of impression technique that produces the most



accurate results. There has been no evaluation of the optimal method of assessment or of

the benefits and drawbacks of each method.

The purpose of the current systematic review was to evaluate and compare the results
of implant impression studies based on the assessment methods used. The distribution of
the assessment methods and the characteristics of each measurement method were also
analyzed to determine the displacements of the implant components during each

impression procedure.



I1. Materials and Methods

Search strategy and study selection

A MEDLINE (PubMed) search was performed for laboratory studies published in
Dental Journals from January 1, 1990 up to Feb 28, 2013. The search was limited to

English- language publications.
The following MeSH (*) or free text (1) words were used for the electronic search:

(dental implants* OR dental abutments* OR oral implantst OR endosseous implants¥
OR dental prosthesis, implant supported* OR implant restorationi) AND (dental
impression technique* OR dental impression materials* OR dental models* OR master
castst OR definitive casts OR final impressionf OR digital impressiont OR digital
scanningt) AND (dimensional measurement accuracy* OR three dimensionf OR

distortiont OR displacementi OR fitf)

Seletion of studies

All obtained titles and abstracts were screened independently by 2 reviewers. If the
abstract was not available, or if the title and the abstract did not provide sufficient

information regarding the inclusion criteria, a full-text article was acquired for screening.



On the basis of the chosen abstracts, full-text articles were selected for independent
assessment by the reviewers. In addition, references of the selected publications and of
previously published reviews relevant to the present review were searched for eligible
studies. In case of any disagreement regarding inclusion, a consensus was reached by
discussion. Finally, a selection was made based on the inclusion/exclusion criteria applied

to the full-text articles.

Inclusion criteria

The criteria for study inclusion were:

® studies with at least 3 implants

® [aboratory studies only

Exclusion criteria

The criteria for study exclusion were

® clinical or technical reports

® ‘only abstracts’ published in journals or conference proceedings
® insufficient information

® review articles

® full-text articles in languages other than English



Data extraction

A data extraction sheet was used by the reviewers to extract the relevant data from the
included papers. Information on several parameters was recorded including: author(s),
year of publication, implant system, implant-abutment connection type (external or
internal, friction-fit or slip-fit), number of implants, position (distribution) of implants,
impression level (implant-level or abutment level), impression techniques, and
measurement methods. Disagreements regarding data extraction were resolved by

discussion.

References from the selected studies were also screened to identify pertinent literature.
The initial data search generated 389 articles. Based on the initial screening of the titles
and abstracts, 88 papers were selected for full text evaluation. A total of 34 studies were
omitted based on the exclusion criteria, and the remaining 54 articles were selected for
assessment. One article was included after additional assessment of the articles and their

6-8, 10, 13-15, 17, 19, 21-66

references. In total, 55 articles were selected for the analyses (Fig. 1).



I11. Results

1. Assessment methods

The 55 selected studies®® 11312 17.19.21-66 \yare classified into 4 main groups based on
the assessment methods used (Table 1). These measured the extent of: (1) linear distortion
(Table 2) of the implant (or abutment) heads or specific reference points (n = 36),"% (2)
angular distortion (Table 3) of the implant (or abutment) long axis (n = 16),"8 23 4858.60.65
(3) gap distances (Table 4) between the cylinders of the master framework and of replicas
in test casts (n = 10),' 27 %38, 40. 41, 43, 44,66 34 (4) the strain (Table 5) produced in the

master framework (n = 4).3*° Figure 2 shows the distribution of studies based on the

assessment methods used.

Measurement of linear distortions of reference points (mostly centroids of implant or
abutment heads) was the preferred assessment method in the included studies. More than 50%
of these (n = 36) compared the amount of linear distortion when comparing the accuracy of
the implant impression techniques used."® Of these 36 studies,3° 1702123 26,29-33,45-48,50-52

were included in the previous systematic review* and 19% - 1% 15 17, 19, 24,25, 34, 35,39, 42, 54-60

were published after the review. The average number of implants was 4.61 per study.

7,8, 28, 48-58, 60, 65

Sixteen studies investigated the accuracy of the impression by measuring

the angulation change of the long axis of the implants or abutments. Half® - 38 43455759

of the studies were included in the previous review*! and the other 8 studies? 22293234



%.42 \were published after the review. The average number of implants per study was 4.75,

which was similar to that reported in the linear distortion studies.

1,3,4,6,9 11, 18, 22, 23, 27, 32, 34, 35, 39, 43-47

Nineteen studies compared the impression accuracy

achieved with direct and indirect techniques. In the previous review,* 4 studies® 2”4”4

reported that the direct impression technique was more accurate. Five studies® 3% 8

reported no dimensional difference between the techniques and 1 study™® reported that the
indirect impression technique was more accurate. Since the review, 6 further studies® %
23,21,46. 47 have reported that the direct impression technique is more accurate, 3% 3% %

have reported no dimensional difference between the techniques, and no study has

reported that the indirect impression technique is more accurate.

A total of 22 studies® " 1t 12 14,1621, 23, 26-:28, 33,37, 39,42, 43. 4749 compared the impression

accuracy of splint and non-splint techniques. In the previous review, 7 studies” * 4373

42,43 41, 4,5,16

reported that the splint impression technique was more accurate, reported no
dimensional difference between techniques, and 2% ™ reported that non-splint impression
was more accurate. Since the review, 6 studies®® ?" ** 4™ have reported that splint

impression is more accurate, 3°** *® have reported no dimensional difference between

techniques, and no study has reported that non-splint impression is more accurate.

7,8, 10, 24, 25, 28, 32, 39, 42, 45, 47, 49, 50, 54, 64, 66

Sixteen studies compared the accuracy of polyether

and vinyl polysiloxane impression materials. Nine studies® 1% 25 32 45 47.49.50.84 ) ]jshed
before the previous review" reported no difference between vinyl polysiloxane and

polyether. Since then, 2 studies® ** have reported that vinyl polysiloxane is more accurate



than polyether and 1 study®® has reported that polyether is more accurate than vinyl
polysiloxane. One study™* reported no difference between the two materials. One study®*
reported that vinyl polysiloxane achieved a more accurate parallel implant placement and
polyether a more accurate non-parallel placement. Another study’ reported that there was
no difference between the two materials in terms of parallel placement of the implants but
that polyether achieved a more accurate non-parallel placement than vinyl polysiloxane.

22, 32, 42, 44, 45

Five studies investigated the effect of implant parallelism on impression

accuracy. Before the previous review,* 1 study® advocated parallelism of implants and
another study™ reported that there was no difference in accuracy based on the parallelism
or non-parallelism of implants. Since the review, 2 studies®® ® have advocated parallelism
of implants, but another study™ has reported no difference in accuracy between parallel
and non-parallel implants. Figure 2 shows the distribution of the assessment methods

used to measure the accuracy of the impression techniques.

2. Distribution of study designs

22)1, 4-7,11, 12, 14, 16, 21, 23, 26-28, 33, 37, 39, 43, 44, 48-50

Most studies (n = compared the accuracy of

implant impressions using different splinting materials for impression copings.

1,4, 10, 13, 17, 20, 23, 24, 28, 30, 36, 40, 44, 51-53

Comparison of impression materials and of direct versus

1,3, 4,6, 09, 11, 18, 22, 23, 27, 32, 34, 35, 39, 43-47

indirect impression techniques was the next most

common method. More than 90% of the studies included in this review compared the

accuracy of implant impressions using different splinting materials,> ™ 22> 2. 33,38, 39,42, 48,



54 1, 4, 10, 13, 17, 20, 23, 24, 28, 30, 36, 40, 44, 51-53

impression materials , and direct versus indirect

techniques.t ® % © 9 11 18,2223, 27, 32,34, 35,39, 4347 | ass than 10% of studies compared the

22,32,41,43, 44

accuracy of parallel versus non-parallel implants, and of external and internal

connections.*> Only 1 study® compared the accuracy of conventional (non-splinted pick
up) and digital impression techniques. Figure 3 shows the distribution of studies based on

the impression techniques used.

3.Study findings

1) Direct versus Indirect impression techniques

1,3,4,6,9, 11, 18, 22, 23, 27, 32, 34, 35, 39, 43-47

Nineteen studies compared the accuracy of implant

impressions by comparing direct and indirect impression techniques. Ten studies®®*® 9

39, 43-45 918, 22,23, 27, 32, 34, 35, 46, 47

were published before the previous systematic review*' and
were published after. Of the most recent 9 studies, 6% 2> "% preferred direct to indirect

32, 34,35

impression techniques. Three studies reported that there was no significant difference

between direct and indirect impression techniques. No study preferred an indirect technique.

2) Splint versus Non-splint techniques and splinting materials used

1, 4-7, 11, 12, 14, 16, 21, 23, 26-28, 33, 37, 39, 43, 44, 48-50

Twenty-two studies compared the effects of

splinting or of the use of different splinting materials on the accuracy of implant

10



1,4-7,11, 12, 14, 16, 37, 39, 43, 44

impressions. In the previous review,” 13 studies were included in

12,37, 39, 43, 44
5

this category, of which reported a preference for a splint technique. Only 1

21, 23, 26-28, 33, 48-50

study® advocated a non-splint technique. Nine further studies were

included in the present systematic review, 622" 33 4850

of which reported a preference for
a splint technique over a non-splint technique. No study reported that non-splint

techniques resulted in more accurate impressions.

3) Impression materials

1, 4, 10, 13, 17, 20, 23, 24, 28, 30, 36, 40, 44, 51-53

Sixteen studies compared the accuracy of polyether

and vinyl polysiloxane. Nine studies® '* 28 32 45 47. 49, 50, 64

were published before the
previous review,"* none of which reported any significant difference between the 2
materials. Since then, however, 2 studies®®*>* have reported a preference for vinyl

polysiloxane over polyether and 1% a preference for polyether.

The accuracy of implant impressions was also assessed using different impression

materials with different inter-implants angulations. Sorrentino et al.**

reported that vinyl
polysiloxane was more accurate than polyether when implants were parallel, however,
polyether produced more accurate results than vinyl polysiloxane when implants were not
parallel. Akalin et al.* also investigated the angulation of the implant long axes using
different impression materials, and they concluded that polyether was more accurate than

vinyl polysiloxane for non-parallel implants, but there was no difference between the

impression materials for parallel implants.

11



4) Parallel versus Non-parallel implants

22,32, 41, 43, 44

Five studies investigated the effect of implant parallelism on impression

accuracy. Three studies® **

reported greater accuracy with parallel implants, but the
other 2 studies?® ** did not find any significant difference in accuracy between parallel

and non-parallel implant placements.

5) External versus Internal

Mpikos and colleagues® investigated the effect of impression techniques and implant
angulations on the accuracy of implant impressions using both internal and external
connection implants. They reported that accuracy was not influenced by impression
technique or inter-implant parallelism when external connection implants were used.
However, accuracy was significantly influenced by implant parallelism when internal

connection implants were used as parallel implant placement resulted in greater accuracy.

6) Conventional versus Digital

Eliasson and Ortorp>’ compared conventional and digital impression techniques and
concluded that conventional non-splint pick-up produced more accurate definitive casts

than digital impression.

12



V. Discussion

The current systematic review analyzed relevant studies of the accuracy of implant
impression techniques. This review not only summarized the results of the included
studies, but also classified the studies according to the assessment methods used to

determine the benefits and disadvantages of each method.

Comparison of the amount of linear distortion was the most frequently used method of
evaluating the accuracy of implant impressions. The studies included in this systematic
review used one of 4 different evaluation methods to measure the amount of linear
distortion: (1) the amount of three-dimensional displacement (AX, Ay, Az) of the centroids
of implant or abutment heads, (2) the change in linear distance (Ar, = x*+ y* + 7%
between the centroids of implant or abutment heads, (3) the distance between 2 reference
points (i.e., the outer surfaces of the implant head), and (4) the closest distance between

the long axes of an implant.

Displacement of the implant or abutment head position is the most important factor for
evaluating the accuracy of an implant impression, and thus evaluating the amount of
displacement of each implant or abutment centroid in 3 axes (X, Y, Z) appears to be the
most accurate of the linear distance assessment methods. However, this method has an
inherent problem. When an impression technique results in greater displacement in the X-

axis direction (Ax) but less displacement in the Y-axis (Ay) or Z-axis direction (Az) than

13



the other impression technigue used in the same investigation, it is difficult to determine
which impression technique is more accurate. Therefore, many studies have also assessed
the total amount of three-dimensional displacement (Ar) to determine which impression
technique is the most accurate. The second method determines the degree of accuracy by
measuring the linear distance (in a single plane) between 2 centroids of implant or
abutment heads. Even though this method cannot detect the translational rotation of the
implant body or long axis, it is still considered a simple and intuitive means of evaluating
the accuracy of different impression techniques. The third method is a modified version
of the second, and practically it is difficult to locate calipers at the same positions.
Simeone et al.® measured the closest distance between implant long axes to compare
impression techniques. This method cannot detect translational or axial rotation of
implants, and the implant position can be moved without changing the closest distance
between the inter-implant long axes. Therefore, the researchers also measured changes in
the angles between the implant axes and combined the results with the closest distance

between the implant long axes.

Angular distortion can be classified into 2 categories: rotation of the implant head

around the implant long axis®® ®

and translational rotation of the implant long axis to a
specific reference axis or plane. The XY, YZ, and ZX planes were frequently chosen as
the reference plane with the amount of angular change described as d6XY, doYZ, or
dozZX, respectively. When a specific implant or replica was chosen as a reference axis, the

angles between the reference axis and the long axes of the implants were measured and

the difference in value between the measurements taken before and after the impression

14



procedure was regarded as the angular distortion. The majority of the angular distortion
studies used a coordinate measuring machine or similar equipment to measure the

rotations.

Before the previous systematic review,” only 1 study®” had compared impression
accuracy by measuring the gap between the master framework and the implant (replica)

46-50, 53-56

head. Since then, 9 studies included in the present review have measured the gap

distance between the master framework and the implant, this measuring technique thus

436,37,43,66 Of

appears to be popular among investigators. However, it should be noted that
the 9 studies were published by the same research group. This assessment method has one
major disadvantage in that the amount of displacement of a specific implant or abutment

replica cannot be measured.

5740 in the previous review* used strain gauges attached to a master

Four studies
framework to measure the accuracy of definitive casts. No study published since met the

inclusion criteria for the present systematic review.

Studies published before the previous systematic review*' preferred direct to indirect
impression techniques and splinting over non-splinting. The previous systematic review™
reported that the pick-up technique resulted in more accurate results when more than 4
implants were included in the experimental design. Only 1 study® reported more accurate
results with a non-splinted pick-up impression compared to an auto-polymerized acrylic
resin splinted pick-up impression technique. However, the researchers did not measure

the position of the replicas in the definitive casts; they only measured the positional

15



change of impression copings in the master model and the impression tray. Kim et al.*®
reported that splint techniques resulted in greater displacement of copings during the
impression procedure, but produced less displacement of replicas during cast fabrication.
Therefore, study design can also influence study findings. Recent investigations (studies
performed after the previous systematic review)* have also reported a preference for
direct impressions over indirect impressions, and for splinting versus non-splinting

techniques. Al Quran et al.?’

reported on the reliability of impression techniques as well
as their accuracy. They compared the accuracy of transfer, non-splinted pick-up, and
splinted pick-up impression techniques and concluded that the splinted pick-up technique

was the most accurate. However, the transfer technique was the most reliable due to its

low standard deviation.

Implant/abutment connection types are simply classified as external or internal

18-36, 42, 46-50, 53-56

connections. Of the 29 investigations published since the previous

H 41 19, 21, 22, 24, 26-28, 31-36, 56
review, 14

used internal connection implants, which reflects the
popularity of internal connections in modern implant dentistry. Most internal connection
implants have longer or broader implant/abutment connections than external connection
implants. The longer and broader connection area can cause displacement of the
impression copings during removal of the impression tray. The amount of distortion can
also be exaggerated when the implants are not parallel to each other. Sorrentino et al.**
compared the accuracy of internal connection implant impressions with different implant

alignments (parallel versus non-parallel) and coping engagement lengths (1 mm versus 2

mm). When the implants were not parallel, impression copings with a short engagement

16



length produced more accurate results than impression copings with longer

engagements.” Rashidan et al.*

compared the accuracy of internal connection implant
impression using different coping designs.® They reported that less retentive shape
copings produced more accurate results than more retentive shape copings. Greater
vertical distortion (Az) was also reported in the more retentive coping group. However,
they ignored one important difference other than the shape of impression copings. Two
kinds of connections were used in the study: one had an internal slip fit and the other an
internal friction fit connection. In contrast to an internal slip fit, an internal friction fit
design does not have a vertical stop between components and so there is vertical

displacement between the components.® It can be concluded that internal friction fit

connections have a greater chance of vertical displacement during impression procedures.

Implant parallelism also influences internal connection implants. Mpikos et al.®

compared the accuracy of impressions performed with different impression techniques
(transfer or non-splinted pick-up) using parallel and non-parallel implant placements.
They found that the impression accuracy of external connection implants was not
influenced by the impression technique or by implant parallelism. However, the accuracy
of internal connection implant impressions was significantly influenced by implant
parallelism. Sorrentino et al.** also reported that more accurate casts were produced when
the implant alignment was parallel rather than non-parallel when internal connection

implants were used.

Thus, in contrast to findings for external connection implants, the effects of splinting

the impression copings when internal connection implants are used appear to be

17



inconsistent. Vigolo et al.'? reported that non-splinted pick-up techniques were less
accurate than auto-polymerized acrylic resin (APAR) splinted pick-up techniques.

1. reported no significant difference between non-splinted and

However, Ongul et a
APAR splinted pick-up techniques when 6 implants were buccally placed. The former
study used internal slip fit, whereas the latter study used internal friction fit connection
implants. As mentioned earlier, internal friction fit connections can produce more vertical
errors than internal slip fit connection implants and therefore greater distortion, which
may hinder the detection of statistical differences between non-splinted and splinted

techniques. Further investigations are needed for a definitive conclusion as to the effect of

splinting copings in internal connection implant impressions.

18



V. Conclusions

Based on the analyses of the studies included in the present review, the conclusions

were as follows:

1. Measurement of linear distortion at specific reference points was the most frequently

chosen method for assessing the accuracy of the implant impression techniques.

2. Most studies included in this review compared splinting and non-splinting impression

copings and the effects of different splinting materials.

3. Recently published studies preferred direct to indirect impression and splint versus

non-splint techniques.

4. In contrast to reports of external connection implants, results reported for internal
connection implants were inconsistent even though the number of studies of internal

connection implants is increasing.

19
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Figures

Figure 1. Search strategy for studies related to multi-unit implant impression

accuracy
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Figure 2. Distribution of assessment methods used in the current review. The values in
parentheses show the publication year of the studies concerned, that is (~2008) indicates
studies published before the previous systematic review performed in 2008 and (2008~)

indicates studies published after the systematic review performed in 2008

W linear (~2008) mlinear (2008~) mangular (~2008) mangular (2008~)
mgap (~2008) mgap (2008~)  mstrain (~2008)
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Figure 3. Distribution of impression techniques compared in the included studies

M splint vs non-splint M direct vs indirect M impression material

M parallel vs non-parallel ® external vs internal M digital vs analogue
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Tables

Table 1. Selected articles on the classification of assessment method

Authors Year Connection inl:l;I'a%fts Mes}s:t:]eogent
Humphries et al * 1990 Ext 4 Distance
Spector et al 2 1990 Ext 6 Distance
Carretal ® 1991 Ext 5 Distance
Assif etal © 1992 Ext 5 Gap
Barrettetal * 1993 Ext 6 Distance
Hsu et al ® 1993 Ext 4 Distance
Liou et al > 1993 Ext 5 angular distortion
Phillips et al ® 1994 Ext 5 a”gu'dai;f;rsltc‘;”'on'
Assif et al ¥ 1996 Ext 5 Strain
Carretal ’ 1996 Ext 4 Distance
Burawi et al ® 1997 Int 4 Distance
Assif ® 1999 Ext 5 Strain
Herbst et al ° 2000 Ext 5 Distance
Lorenzoni et al > 2000 Int 8 angular distortion
Wee et al *° 2000 Ext 5 Distance
Delacruz et al ** 2002 Ext 3 Distance
Vigolo et al *? 2003 Int 6 Distance
Akcaetal ** 2004 Int 4 angular distortion,

distance
Assuncao et al * 2004 Ext 4 angular distortion
Naconecy et al ** 2004 Ext 5 Strain
Vigolo et al ** 2004 Int 4 Distance
Ortorp et al 2005 Ext 5 dlstgir;ct:ce),rz:ir;gnular
Cehreli et al 2006 Int 4 Strain
Kim et al 1 2006 Ext 5 angula_r distortion,

distance
Conrad et al *° 2007 Ext 3 angular distortion
Holst et al ' 2007 Int 4 Distance
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Dullabh et al *® 2008 Ext Distance
Walker et al *° 2008 Int Distance
Aguilar et al 2010 Ext 5 angular distortion,
distance
Assuncao et al * 2010 Ext 4 angular distortion
Del'Acqua et al > 2010 Ext 4 Gap
Del'Acqua et al *® 2010 Ext 4 Gap
Del'Acqua et al *® 2010 Ext 4 Gap
Hariharan et al % 2010 Int 4 angular distortion,
distance
Joetal ® 2010 Int Distance
Leeetal 2010 Ext Gap
Mostafa et al 2010 Ext distance
Sorrentino et al * 2010 Int 4 distance
Yamamoto et al *° 2010 Ext 3 gap
Faria et al 2011 Ext 4 gap
Lee etal ® 2011 Ext 6 distance
Simeone et al ® 2011 Int 6 angular distortion,
distance
Al Quran et al ¥ 2012 Int 4 Distance
Avilaetal 2012 Ext 4 Gap
Chang etal # 2012 Int 5 Distance
Del'Acqua et al *° 2012 Ext 4 Gap
Eliasson & Ottorp % 2012 Ext 3 angula_r distortion,
distance
Ferreira et al 2012 Ext distance
Holst et al ** 2012 Int distance
Mpikos et al 2012 Exyint | 4~ Ext | angulardistortion,
4 —Int distance
Ongul et al * 2012 Int 6 distance
Rasgidan et al ** 2012 Int 5 angular distortion,
distance
Stimmelmayr et al 2012 Int 4 distance
Akalin et al % 2013 Int 6 angular distortion,
distance
Fernandez et al *° 2013 Int 4 gap
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Table 2. Studies comparing the accuracy of impressions by measuring the linear

distortion
. Splint Parallel
Authors Year Céi)ir;r:]e Iaari?'ztc/t /Non- Material /Non-
splint parallel
Humphries et al * 1990 | Ext 'Egggft ND ND -
Spector et al 1990 | Ext - — — —
Carretal ® 1991 | Ext Belz;tegrt - - -
Barrett et al * 1993 | Ext E;fé’: ND ND -
Hsu etal ® 1993 | Ext - ND — —
Direct Non-
Phillips et al ° 1994 | Ext better splint - -
better
Carretal 1996 | Ext - — — —
Burawi et al 1997 Int - - - -
Herbst et al ° 2000 | Ext ND - - -
Wee et al *° 2000 | Ext - — ND —
Non-
Delacruz et al ** 2002 | Ext ND splint - -
better
Vigolo et al *? 2003 | Int - gg,:tlg: — —
Akcaetal ¥ 2004 | Int - - ND -
Vigolo et al ** 2004 | Int - ﬁg,:tlgrt - -
Ortorp et al ** 2005 | Ext - — — —
Kim et al *° 2006 | Ext - ND - -
Holst et al *' 2007 Int - - ND -
Dullabh et al *® 2008 | Ext E’;{fgf - - -
Walker et al *° 2008 | Int - - - -
Aguilar et al ° 2010 | Ext - - VPS better -
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Hariharan et al % 2010 Int - ND - ~
Joetal 2 2010 | It | Direct - - ND
better
Mostafa et al 2010 | Ext E"e“ ND | VPS better -
etter
VPS
Sorrentino et al 2 2010 Int - - bettF?IrE(P), -
better(NP)
Leeetal ® 2011 | Ext - — — —
Simeone et al % 2011 Int - ipllnt — —
etter
27 Direct Splint B _
Al Quran et al 2012 Int better better
Chang et al % 2012 | Int - ND ND —
Eliasson & Ottorp *° 2012 | Ext - - - -
Ferreira et al ¥ 2012 | Ext - - - -
Holst et al ** 2012 | Int - — — —
. 32 Ext/In _ _ Parallel
Mpikos et al 2012 ¢ ND better
33 _ Splint _ _
Ongul et al 2012 Int better
Rashidan et al * 2012 | Int ND — — —
Stimmelmayr et al 2012 | Int ND - - -
ND(P),
Akalin et al ** 2013 | Int - — PE —
better(NP)

Ext: external connection implant ; Int: internal connection implant ; ND : no difference ;
PE: polyether ; VPS: vinyl polysiloxane ; P: parallel ; NP: non-parallel
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Table 3. Studies comparing the accuracy of impressions by measuring the angular

distortion
Authors Year | Connection | Direct/Indirect Splint{Non- Material Parallel/Non-
splint parallel
Liou et al ** 1993 Ext - - ND -
Phillips et al ° 1994 Ext Direct better | 'or-splint — -
better
Lorenzoni et al 2 | 2000 Int - - ND -
Akcaetal ¥ 2004 Int - — ND -
44 Splint Parallel
Assuncao et al 2004 Ext ND better ND better
Ortorp et al ** 2005 Ext - — — -
Kim et al *° 2006 Ext - ND - -
Conrad et al © 2007 Ext ND — — ND
. 2 B B VPS _
Aguilar et al 2010 Ext better
Assuncao et al ¥ | 2010 Ext - - - Parallel
better
Hariharan et al 2 | 2010 Int - ND - -
Simeone etal % | 2011 Int - Splint - -
better
Eliasson &
Ortorp 29 2012 Ext
Mpikosetal ® | 2012 | Exvint ND - - Parallel
better
Rasgidan et al * | 2012 Int ND - - -
ND(P),
Akalin etal*® | 2013 Int - - PE -
better(NP)

Ext: external connection implant ; Int: internal connection implant ; ND : no difference ;
PE: polyether ; VPS: vinyl polysiloxane ; P: parallel ; NP: non-parallel
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Table 4. Studies comparing the accuracy of impressions by measuring the gap

distance
Direct/ i - .
Authors Year |Connection Spllnt_/Non Material Parallel/Non
Indirect splint parallel
Assif et al 1992 Ext Direct Splint better | — -
better
' 54 — — PE —
Del'Acqua et al 2010 Ext better
Del'Acqua et al > 2010 Ext - Splint better - -
Del'Acqua et al “® 2010 Ext - - - -
Lee etal *° 2010 Ext Direct - - -
better
Yamamoto et al *° 2010 Ext - Splint better - -
Faria et al *’ 2011 | Ext | Direct ND - -
better
Avila et al 2012 Ext - Splint better | — -
Del'Acqua et al > 2012 Ext - - - -
Fernandez et al *° 2013 Int - - - -

Ext: external connection implant ; Int: internal connection implant ; ND : no difference ;
PE: polyether ; VPS: vinyl polysiloxane ; P: parallel ; NP: non-parallel
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Table 5. Studies comparing the accuracy of impressions by measuring the strain

Authors Year | Connection Dir.ect/ Splint_/ Materi | Parallel/N
Indirect Non-splint al on-parallel
Assif etal ¥ 1996 Ext - ﬁp"”t = -
etter
Assif et al 1999 Ext - — - -
Naconecy et al *° 2004 Ext ND Splint - -
better
Cehreli et al *° 2006 Int - — ND -

Ext: external connection implant ; Int: internal connection implant ; ND : no difference ;

PE: polyether ; VPS: vinyl polysiloxane ; P: parallel ; NP: non-parallel
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Table 6. Excluded studies

Author Year Reason for exclusion

Carretal *® 1992

Inturregui et al *° 1993

Bartlett et al ®° 2002

Burns et al ** 2003

Bambini et al ® 2005

Carbal et al ® 2007

Assuncao et al * 2008

Assuncao et al * 2008

Assuncao et al ®° 2008

Leeetal. 2008 lack of implants
Wostmann et al ® 2008

Filho et al * 2009

Leeetal 2009

Assuncao et al * 2010

Alikhasi et al * 2011

Jangetal ® 2011

Rutkunas et al 2012

Tarib etal ™ 2012

Howell et al "° 2013

Jemtetal "’ 1999

clinical subjects

Papaspyridakos et al ® 2012

Schmitt et al 1994 lack of information
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Lechner et al ® 1992
Vigolo et al 1993
Wee et al & 1998
Cranin et al ® 1998
May et al * 1999
Wee et al & 2002
Castilho et al ® 2007
Lee etal * 2008
Del corso et al & 2009
Kwon et al & 2011
Stimmelmayr et al * 2012
Ono et al 2012
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other subjects
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