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The aim of this study was to evaluate 3 transfer techniques used to obtain working casts of implant-supported prostheses through the

marginal misfit and strain induced to metallic framework. Thirty working casts were obtained from a metallic master cast, each one

containing 2 implant analogs simulating a clinical situation of 3-unit implant-supported fixed prostheses according to the following

transfer impression techniques: group A, squared transfers splinted with dental floss and acrylic resin, sectioned, and re-splinted; group B,

squared transfers splinted with dental floss and bis-acrylic resin; and group N, squared transfers not splinted. A metallic framework was

made for marginal misfit and strain measurements from the metallic master cast. The misfit between the metallic framework and working

casts was evaluated with an optical microscope following the single-screw test protocol. In the same conditions, the strain was evaluated

using strain gauges placed on the metallic framework. The data were submitted to one-way analysis of variance followed by the Tukey test

(a¼5%). For both marginal misfit and strain, there were statistically significant differences between groups A and N (P , .01) and groups B

and N (P , .01), with greater values for group N. According to the Pearson test, there was a positive correlation between the misfit and

strain variables (r ¼ 0.5642). The results of this study showed that the impression techniques with splinted transfers promoted better

accuracy than the nonsplinted technique, regardless of the splinting material used.
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W
hen properly indicated, an osseointegrated im-

plant is the treatment of choice for partially and

completely edentulous patients because the sur-

gical technique is less traumatic, and it presents

good esthetic results that provide satisfactory prosthetic

rehabilitation. The prostheses are fixed to the osseointegrated

implants and provide better retention, stability, and esthetics,

thereby increasing the patient’s satisfaction.1–3

Despite the clinical relevance related to implant fixation,

the longevity of the treatment is closely related to an accurate

adaptation between the prosthetic components and fixations.4

The most substantial issue with prosthetic misfit is that

implants, unlike teeth, do not have periodontal ligament.5

Therefore, all forces applied to the implants are transmitted

directly through the alveolar bone without any form of

damping on the bone-implant interface.6–8 The most common

strains induced in implants are caused by mastication,

phonation, and excessive overload due to poor adaptation

and misfit of the prosthesis. This overload can be reduced when

the prostheses are made using accurate procedures, such as

impression technique, cast pouring, infrastructure casting,

porcelain coating, and prosthesis fixation type.9–12

The impression technique is one of the main factors that

can cause marginal misfit and increase the strain on the

implant-prostheses system, considering that the objective is to

reproduce the relationship between the implants as accurately

as possible.13 The impression also has the important purpose of

registering the morphology of soft tissues.14,15 An inaccurate

impression may result in prosthesis misfit, which may lead to

biological and/or mechanical complications.13 Mechanical

complications, such as screw loosening, screw fracture, implant

fracture, and occlusal inaccuracy, have been reported as a result

of prosthesis misfit.16–21 Biologically, the misfit that occurs from

marginal discrepancy may cause adverse soft and/or hard tissue

reactions due to increased biofilm accumulation.22–24

The transfer splint impression technique using acrylic resin

has been widely practiced and studied.25–32 However, the

disadvantage of this technique is the clinical time required for

implementation. Constant research into improved techniques

has led to a modified technique that uses bis-acrylic resin

material. The bis-acryl resin is automatically mixed in the auto-

mix gun and expressed as a heavy, very soft, and very viscous

material.33 It has shown significantly lower shrinkage values

compared with a monomethacrylate-based material.34 Howev-

er, the literature is still limited regarding this new technique.

There are questions about whether the technique increases the
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strain on the prostheses system, and whether different

impression techniques result in differences in marginal misfit

and strain values.

The aim of this study was to evaluate three transfer

techniques used to obtain working casts of implant-supported

prostheses in terms of misfit and strain induced on the metallic

framework.

MATERIALS AND METHODS

Thirty (n¼ 10 of each type) stone working casts were obtained

from a type IV dental stone (Herostone, Vigodent, Rio de

Janeiro, Brazil), each one containing two implant analogs. A 4.1-

mm cervical stand and a prosthetic hexagonal external

connection (Conexao Prosthetic Systems, Sao Paulo, Brazil)

were placed on the lower first molar (pillar A) and lower first

premolar region (pillar B), which simulated a clinical situation

with three-unit implant-supported fixed prostheses. The casts

were made using 1 of 3 impression techniques. In group A,

working casts were obtained using squares transfers (Conexao)

splinted with dental floss and acrylic resin (Duralay II, Polidental,

Sao Paulo, Brazil) (Figure 1). After polymerization, the acrylic

resin was sectioned and splinted again. In group B, working

casts were obtained using square transfers (Conexao) splinted

by dental floss and bis-acrylic resin (Luxatemp, DMG Chemisch-

Pharmazeutische Hamburg, Germany) (Figure 2). In group N,

working casts were obtained using square transfers (Conexao)

and a nonsplinted impression technique.

A custom tray was made using methyl methacrylate resin

(Jet, Classico, Sao Paulo, Brazil) to ensure uniform thickness of

the impression material. The tray has an orifice to allow for use

of the open tray impression technique with square transfers.

Cylinders were placed on the tray like a tripod to ensure

stability during the impression procedure and during pouring

of the mold. A base of polyvinyl siloxane material (Flexitime

Easy Putty, Correct Flow, Heraeus-Kulzer, Hanau, Germany) was

made with notches to fit the custom tray in the same insertion

axis. Thus, a uniform pattern impression was obtained

according to the master cast, and the stone casts were

standardized.

The impression transfers were screwed on the implants of

the metallic master cast. The following impression procedures

were used for the treatment groups.

In group A, the transfers were screwed on the implants of

the metallic master cast and linked using unstrained dental

floss; these were subsequently recovered using the powder-

liquid paintbrush technique with acrylic resin (the Nealon

technique). After polymerization, the dental floss-resin joint was

sectioned with a diamond wheel and linked again25,30–32 to

reduce possible strain from the polymerization shrinkage of the

acrylic resin. After this step, the impression procedure was

performed.

In group B, the transfers were splinted in a manner similar

to the procedure used for group A; however, the interlace of

dental floss was linked with the bis-acrylic resin using an auto-

mix gun, and then the impression was performed.

In group N, the squared transfers were screwed to implant

analogs placed in the metallic master cast, and then the

impression was performed with square transfers not splinted.

The impressions for the 3 groups were made using

polyvinyl siloxane material.18–24,35–37 The impression material

(Flexitime Easy Putty) was manipulated using a tip and auto-

mix gun. After 3 minutes, the transfers were unscrewed, the

custom tray was removed from the master cast, and the

analogs of the implants were screwed to the transfers so the

mold could be subsequently filled with type IV dental stone

(Herostone).

The dental stone was manipulated manually for 20 seconds

and then mechanically for 40 seconds using the proportion of

100 g powder to 22 mL distilled water, according to the

manufacturer’s instruction. The first portion of the dental stone

was poured slowly into the impression without contacting the

analog surface following the latex cylinder technique,38,39 and

the latex cylinders were placed around the implant analogs to

protect them. After the dental stone set, the latex cylinders

were removed, and the resulting space was filled with the

second portion of dental stone. After 60 minutes, the cast was

removed from the impression. The impression techniques and

the working casts were performed by the same operator.

A rectangular structure was waxed on the master cast with

20 mm 3 5.0 mm 3 5.0 mm dimensions. The wax pattern was

included in investment (Rematitan Plus, Dentaurum, Insprin-

gen, Germany) in a special ring for titanium melting. The ring

was positioned in a heating oven (Vulcan 3.550, Dentsply

International, Bogotá, Colombia). Commercially pure titanium

(Tritan, Dentaurum) was melted in equipment composed of

voltaic arc-melting by injecting molten metal in a vacuum

FIGURE 1. Impression technique with dental floss and acrylic resin.

FIGURE 2. Impression technique with dental floss and bis-acrylic
resin.
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(Dentaurum). The metal framework finishing was made with

aluminum oxide blasting and burs for titanium polishing.

The marginal misfit measurements were performed with an

optical microscope with accuracy of 1.0 lm and 1203

magnification, according to the protocol for the single-screw

test,40,41 to evaluate the passivity in implant-supported

structures. The measurements were performed for a single

examiner 3 times (intraclass correlation coefficient¼0.8691). An

average for each framework-pillar set was performed. The gaps

between the base of the implant analog and the gingival

surface of the metallic framework in pillar B were observed

when the screw of the pillar A was tightened.42 To standardize

the position of the readings, a reference was made on each

abutment with a hydrographic pen. The strain was assessed

after the metallic framework was placed on the implant analogs

of the cast. The framework screw was tightened with 32 Ncm

torque, according to the manufacturer’s instructions. The

measurements were performed by using strain gauges (Excel

Sensors Engineering, Embú, Sao Paulo, Brazil), following the

formation of a half Wheatstone bridge (Figure 3). One metal

strain gauge30 was placed on the upper and lower surfaces of

the framework, leaving a distance of 908 between them. The

readings of the framework elastic deformation were made after

all prosthetic screws were tightened. The electric signals were

captured by a computer-controlled apparatus (ADS0500, Lynx

Electronics, Sao Paulo, Brazil) and processed using a specific

software (AqDados 7, Lynx Electronics).30,39

Statistical analysis

The data submitted to the Kolmogorov-Smirnov test revealed

normal distribution. Afterward, the Pearson test was used to

evaluate the correlation between marginal misfit and strain.

The between-groups comparison was done using one-way

analysis of variance for the marginal misfit and strain followed

by the Tukey test. A significance level of 5% was considered for

all analyses.

RESULTS

Table 1 shows the means and standard deviations of the

vertical misfit obtained for each group. The Tukey test revealed

statistically significant differences between groups A and N (P

, .01) and groups B and N (P , .01), with greater values for

group N.

Means and standard deviations of the strains are shown in

Table 2. The Tukey test showed statistically significant

differences between groups A and N (P , .01) and groups B

and N (P , .01), with greater values for the group N.

Table 3 presents the Pearson correlation coefficient for

marginal strain and misfit.

DISCUSSION

In a recent systematic review related to implant impressions, a

large number of studies reported better accuracy with the

splinted technique than the nonsplinted one.13 However,

controversy exists in the literature regarding whether or not

to adopt the splint procedure. Although some authors have

FIGURE 3. Circuit for strain gauges.

TABLE 1

The means values (standard deviations) of marginal misfit
measurements for each group.

Marginal Misfit (lm)

Group A 77 (6 4) B

Group B 72 (611) B

Group N 251 (6152) A

*Means followed by distinct capital letters differ among themselves by the

Tukey test (a ¼ 0.05), between groups A and N (P , .01) and between

groups B and N (P , .01).

Table 2

Means values (standard deviations) of microstrain (lm) for
each treatment group

Microstrain (lm)

Group A 471.87 (615.56) B

Group B 468.66 (615.07) B

Group N 496.94 (620.91) A

*Means followed by distinct letters differ among themselves by the Tukey

test (a¼0.05), between groups A and N (P , .01) and between groups B and

N (P , .01).

Table 3

Pearson correlation coefficient for variables of marginal
misfit and strain*

r P value

Misfit 3 strain 0.5642 .0012

*Pearson correlation coefficient ranges between �1 and 1.
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favored nonsplinted square transfers,28,43–45 others have found

no difference between direct and indirect transfer tech-

niques.32,46

When the 3 impression techniques were compared in this

study, the results showed that the splinted transfer techniques

presented higher accuracy in making working casts, in

agreement with previous studies.26,29,30,36,47–49 The current

results showed no significant reduction in vertical misfit and

strain on the frameworks when comparing groups A and B,

although there are differences between these techniques.

Polymers that produce less polymerization stress may have

potential use for splinting purposes; however, this may raise

the cost of materials tested.25 While the bis-acrylic resin (auto-

mix gun) procedure quickly reproduces the impression, the

time used for separation and repair with acrylic resin is greater

than with a single piece made with bis-acrylic resin.

The main challenge with implant-supported procedures is

to develop an acceptable prosthesis that does not compromise

long-term treatment.16 Passive fit is assumed to be a significant

prerequisite for maintaining the bone-implant interface.4 To

provide a passive fit, the framework should theoretically not

induce any strain on the implant components and peri-implant

bone.50

Previous studies showed that none of the assessed

frameworks exhibited passive fit.42,51 The average vertical misfit

in the current study was 77 lm for group A, 72 lm for group B,

and 251 lm for group N. Branemark5 proposed 10 lm of

vertical misfit to allow bone maturation and remodeling in

response to occlusal load; however, these values of vertical

misfit are difficult to achieve. Jemt52 defined passivity as the

level that did not cause long-term complications and suggested

that values of vertical misfit ,150 lm are clinically acceptable.

In this study, the mean passive-fit values were considered

clinically acceptable for groups A and B and not acceptable for

group N. These results showed the accuracy of the splinted

transfer technique.

Considering the procedures to obtain an impression, each

step has some importance and should not be neglected. The

procedures between the impression and the final cast could

influence the analog’s position in the working casts, which

could increase distortion and the occurrence of misfit and strain

in the prosthesis.38 The open tray technique allows the coping

to remain in the impression. This fact decreases the deforma-

tion of the mold during the impression material recovery time

outside the mouth, eliminates concerns about replacing the

coping back into its respective space in the impression, and

reduces the effect of implant angulations.53

Splinting squares transfer with resin has been recommend-

ed for obtaining a more accurate inter-implant relationship

because it prevents rotation of the copings in the impression

during fastening of the implant analog. The weak union

between the tapered coping and the impression material may

facilitate the movement of the analogs as a result of the dental

stone expansion during setting.54 The hardness of the acrylic

resin splint resists the potential forces of distortion, increasing

the accuracy of the working cast.25 The impression material and

impression technique,29,55 disinfection of the mold, waiting

time, and conditions of cast pouring are factors that can

influence accuracy in reproducing the desired clinical situation.8

The polyvinyl-siloxane impression material was chosen for

this study as it has been widely used in clinical practice and

presents a dimensional stability compatible with achieving

adequate, accurate casts for implant-retained impressions.18–

24,35–37 A lower-expansion type IV dental stone was used

because its main characteristics are high resistance, hardness,

and low hygroscopic expansion.56 In addition, some previous

studies used the strain gauges measurement method to

determine which technique introduces fewer distor-

tion.25,28,30,57–59

The present study used the arrangement following the

formation of a half-Wheatstone bridge by using 2 strain gauges

on the framework (one parallel on the upper surface and the

other perpendicular on the lower surface).30 This condition

allowed for the measurement of the strain in the metallic

framework, which represents a complementary way to do the

linear analysis of the marginal misfit and not to measure the

strain induced. The higher values of strain (496.94 lm) were

found in group N, the same group that induced a higher level

of marginal misfit; this demonstrates the inaccuracy of the

nonsplinted technique.

The present study found that marginal misfit was

responsible for the strain level induced on the infrastructure.

The Pearson coefficient obtained for misfit and strain was r ¼
0.5642, indicating a moderate, though positive, relationship.

According to this result, it can be understood that when the

marginal misfit increases, the strain values also increase. In

other words, the strain level establishes a dependency with the

marginal misfit. This result is in accordance with the findings of

some previous studies.51,60–63

The limitation of the study was that no cyclic loading was

applied in the framework. It is claimed that the location and

magnitude of occlusal forces can affect the amount and quality

of the strain transmitted to the components of the bone-

implant-prosthesis system.16 Based on this consideration,

further studies are needed to verify the influence of different

metals in fabricating the framework and the effect of

mechanical cycles under different clinical situations.

CONCLUSION

Based on the results of this study, the following conclusion can

be considered: the impression techniques with splinted

transfers promoted better accuracy than a nonsplinted

technique, regardless of the splinting material used.

REFERENCES

1. Somanathan RV, Simunek A, Bukac J, Brazda T, Kopecka D. Soft

tissue esthetics in implant dentistry. Acta Medica. 2007;50:183–186.

2. Deporter D, Pilliar RM, Todescan R, Watson P, Pharoah M. Managing
the posterior mandible of partially edentulous patients with short, porous-

surfaced dental implants: early data from a clinical trial. Int J Oral Maxillofac
Implants. 2001;16:653–658.

3. Johansson LA, Ekfeldt A. Implant-supported fixed partial prosthe-

ses: a retrospective study. Int J Prosthodont. 2003;16:172–176.

4. Jemt T, Lekholm U. Measurements of bone and frame-work
deformations induced by misfit of implant superstructures. A pilot study

in rabbits. Clin Oral Implants Res. 1998;9:272–280.

Journal of Oral Implantology 665

Zen et al
D

ow
nloaded from

 http://m
eridian.allenpress.com

/joi/article-pdf/41/6/662/2039805/aaid-joi-d-13-00126.pdf by U
nicam

p user on 29 January 2021



5. Branemark PI. Osseointegration and its experimental background. J
Prosthet Dent. 1983;50:399–410.

6. Skalak R. Biomechanical considerations in osseointegrated pros-
theses. J Prosthet Dent. 1983;49:843–848.

7. Gomes EA, Assuncao WG, Tabata LF, Barao VA, Delben JA, de Sousa
EA. Effect of passive fit absence in the prosthesis/implant/retaining screw
system: a two-dimensional finite element analysis. J Craniofac Surg. 2009;20:
2000–2005.

8. Barbosa GA, Neves FD, Mattos MG, Rodrigues RC, Ribeiro RF.
Implant/abutment vertical misfit of one-piece cast frameworks made with
different materials. Braz Dent J. 2010;21:515–519.

9. Barzilay I. Rotational accuracy of implant components for single-
tooth, root-form implants. Dent Implantol Update. 1991;2:5–7.

10. Jemt T, Book K. Prosthesis misfit and marginal bone loss in
edentulous implant patients. Int J Oral Maxillofac Implants. 1996;11:620–625.

11. Kan JY, Rungcharassaeng K, Bohsali K, Goodacre CJ, Lang BR.
Clinical methods for evaluating implant framework fit. J Prosthet Dent. 1999;
81:7–13.

12. Pietrabissa R, Gionso L, Quaglini V, Di Martino E, Simion M. An in
vitro study on compensation of mismatch of screw versus cement-retained
implant supported fixed prostheses. Clin Oral Implants Res. 2000;11:448–457.

13. Lee H, So JS, Hochstedler JL, Ercoli C. The accuracy of implant
impressions: a systematic review. J Prosthet Dent. 2008;100:285–291.

14. Gregory-Head B, LaBarre E. Two-step pick-up impression procedure
for implant-retained overdentures. J Prosthet Dent. 1999;82:615–616.

15. Wee AG, Cheng AC, Eskridge RN. Accuracy of 3 conceptually
different die systems used for implant casts. J Prosthet Dent. 2002;87:23–29.

16. Sahin S, Cehreli MC. The significance of passive framework fit in
implant prosthodontics: current status. Implant Dent. 2001;10:85–92.

17. Hsu CC, Millstein PL, Stein RS. A comparative analysis of the
accuracy of implant transfer techniques. J Prosthet Dent. 1993;69:588–593.

18. Wenz HJ, Hertrampf K. Accuracy of impressions and casts using
different implant impression techniques in a multi-implant system with an
internal hex connection. Int J Oral Maxillofac Implants. 2008;23:39–47.

19. Daoudi MF, Setchell DJ, Searson LJ. A laboratory investigation of
the accuracy of two impression techniques for single-tooth implants. Int J
Prosthodont. 2001;14:152–158.

20. Akca K, Cehreli MC. Accuracy of 2 impression techniques for ITI
implants. Int J Oral Maxillofac Implants. 2004;19:517–523.

21. Cehreli MC, Akca K. Impression techniques and misfit-induced
strains on implant-supported superstructures: an in vitro study. Int J
Periodontics Restorative Dent. 2006;26:379–385.

22. Liou AD, Nicholls JI, Yuodelis RA, Brudvik JS. Accuracy of replacing
three tapered transfer impression copings in two elastomeric impression
materials. Int J Prosthodont. 1993;6:377–383.

23. Wee AG. Comparison of impression materials for direct multi-
implant impressions. J Prosthet Dent. 2000;83:323–331.

24. Lorenzoni M, Pertl C, Penkner K, Polansky R, Sedaj B, Wegscheider
WA. Comparison of the transfer precision of three different impression
materials in combination with transfer caps for the Frialit-2 system. J Oral
Rehabil. 2000;27:629–638.

25. Cerqueira NM, Ozcan M, Goncalves M, et al. A strain gauge analysis
of microstrain induced by various splinting methods and acrylic resin types
for implant impressions. Int J Oral Maxillofac Implants. 2012;27:341–345.

26. Vigolo P, Majzoub Z, Cordioli G. Evaluation of the accuracy of three
techniques used for multiple implant abutment impressions. J Prosthet Dent.
2003;89:186–192.

27. Leonhardt A, Renvert S, Dahlen G. Microbial findings at failing
implants. Clin Oral Implants Res. 1999;10:339–345.

28. Inturregui JA, Aquilino SA, Ryther JS, Lund PS. Evaluation of three
impression techniques for osseointegrated oral implants. J Prosthet Dent.
1993;69:503–509.

29. Assif D, Fenton A, Zarb G, Schmitt A. Comparative accuracy of
implant impression procedures. Int J Periodontics Restorative Dent. 1992;12:
112–121.

30. 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:
192–198.

31. Dumbrigue HB, Gurun DC, Javid NS. Prefabricated acrylic resin bars
for splinting implant transfer copings. J Prosthet Dent. 2000;84:108–110.

32. Spector MR, Donovan TE, Nicholls JI. An evaluation of impression
techniques for osseointegrated implants. J Prosthet Dent. 1990;63:444–447.

33. Flanagan D. The bis-acryl stent. J Oral Implantol. 2013;39:69–72.

34. Kim SH, Watts DC. Polymerization shrinkage-strain kinetics of
temporary crown and bridge materials. Dent Mater. 2004;20:88–95.

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

36. Assuncao WG, Filho HG, Zaniquelli O. Evaluation of transfer
impressions for osseointegrated implants at various angulations. Implant
Dent. 2004;13:358–366.

37. Holst S, Blatz MB, Bergler M, Goellner M, Wichmann M. Influence of
impression material and time on the 3-dimensional accuracy of implant
impressions. Quintessence Int. 2007;38:67–73.

38. Del’Acqua MA, Arioli-Filho JN, Compagnoni MA, Mollo FA Jr.
Accuracy of impression and pouring techniques for an implant-supported
prosthesis. Int J Oral Maxillofac Implants. 2008;23:226–236.

39. Rodrigues MA, Luthi LF, Henriques GE. The influence of master cast
technique on the cast precision of implant-retained fixed prostheses. Gen
Dent. 2012;60:122–127.

40. Farina AP, Spazzin AO, Pantoja JM, Consani RL, Mesquita MF. An in
vitro comparison of joint stability of implant-supported fixed prosthetic
suprastructures retained with different prosthetic screws and levels of fit
under masticatory simulation conditions. Int J Oral Maxillofac Implants. 2012;
27:833–838.

41. Farina AP, Spazzin AO, Consani RLX, Mesquita MF. Screw joint
stability after the application of retorque in implant-supported dentures
under simulated masticatory conditions. J Prosthet Dent. 2014;111:443–534.

42. Sartori IA, Ribeiro RF, Francischone CE, Mattos MG. In vitro
comparative analysis of the fit of gold alloy or commercially pure titanium
implant-supported prostheses before and after electroerosion. J Prosthet
Dent. 2004;92:132–138.

43. Del’Acqua MA, Chavez AM, Compagnoni MA, Mollo FA Jr. Accuracy
of impression techniques for an implant-supported prosthesis. Int J Oral
Maxillofac Implants. 2010;25:715–721.

44. Burawi G, Houston F, Byrne D, Claffey N. A comparison of the
dimensional accuracy of the splinted and unsplinted impression techniques
for the Bone-Lock implant system. J Prosthet Dent. 1997;77:68–75.

45. De La Cruz JE, Funkenbusch PD, Ercoli C, Moss ME, Graser GN,
Tallents RH. Verification jig for implant-supported prostheses: a comparison
of standard impressions with verification jigs made of different materials. J
Prosthet Dent. 2002;88:329–336.

46. Herbst D, Nel JC, Driessen CH, Becker PJ. Evaluation of impression
accuracy for osseointegrated implant supported superstructures. J Prosthet
Dent. 2000;83:555–561.

47. Assif D, Marshak B, Horowitz A. Analysis of load transfer and stress
distribution by an implant-supported fixed partial denture. J Prosthet Dent.
1996;75:285–291.

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

49. Cabral LM, Guedes CG. Comparative analysis of 4 impression
techniques for implants. Implant Dent. 2007;16:187–194.

50. Karl M, Winter W, Taylor TD, Heckmann SM. In vitro study on passive
fit in implant-supported 5-unit fixed partial dentures. Int J Oral Maxillofac
Implants. 2004;19:30–37.

51. Abduo J, Lyons K. Effect of vertical misfit on strain within screw-
retained implant titanium and zirconia frameworks. J Prosthodont Res. 2012;
56:102–109.

52. Jemt T. Failures and complications in 391 consecutively inserted
fixed prostheses supported by Branemark implants in edentulous jaws: a
study of treatment from the time of prosthesis placement to the first annual
checkup. Int J Oral Maxillofac Implants. 1991;6:270–276.

53. Faria JC, Silva-Concilio LR, Neves AC, Miranda ME, Teixeira ML.
Evaluation of the accuracy of different transfer impression techniques for
multiple implants. Braz Oral Res. 2011;25:163–167.

54. Hariharan R, Shankar C, Rajan M, Baig MR, Azhagarasan NS.
Evaluation of accuracy of multiple dental implant impressions using various
splinting materials. Int J Oral Maxillofac Implants. 2010;25:38–44.

55. Castilho AA, Kojima AN, Pereira SM, et al. In vitro evaluation of the
precision of working casts for implant-supported restoration with multiple
abutments. J Appl Oral Sci. 2007;15:241–246.

56. Heshmati RH, Nagy WW, Wirth CG, Dhuru VB. Delayed linear
expansion of improved dental stone. J Prosthet Dent. 2002;88:26–31.

57. Assif D, Marshak B, Schmidt A. Accuracy of implant impression
techniques. Int J Oral Maxillofac Implants. 1996;11:216–222.

58. Assif D, Nissan J, Varsano I, Singer A. Accuracy of implant

666 Vol. XLI / No. Six / 2015

Transfer Impression Techniques’ Accuracy
D

ow
nloaded from

 http://m
eridian.allenpress.com

/joi/article-pdf/41/6/662/2039805/aaid-joi-d-13-00126.pdf by U
nicam

p user on 29 January 2021



impression splinted techniques: effect of splinting material. Int J Oral
Maxillofac Implants. 1999;14:885–888.

59. Nissan J, Laufer BZ, Brosh T, Assif D. Accuracy of three polyvinyl
siloxane putty-wash impression techniques. J Prosthet Dent. 2000;83:161–
165.

60. Clelland NL, Carr AB, Gilat A. Comparison of strains transferred to a
bone simulant between as-cast and postsoldered implant frameworks for a
five-implant-supported fixed prosthesis. J Prosthodont. 1996;5:193–200.

61. Millington ND, Leung T. Inaccurate fit of implant superstructures.

Part 1: stresses generated on the superstructure relative to the size of fit

discrepancy. Int J Prosthodont. 1995;8:511–516.

62. Hegde R, Lemons JE, Broome JC, McCracken MS. Validation of strain

gauges as a method of measuring precision of fit of implant bars. Implant

Dent. 2009;18:151–161.

63. Abduo J, Swain M. Influence of vertical misfit of titanium and

zirconia frameworks on peri-implant strain. Int J Oral Maxillofac Implants.

2012;27:529–536.

Journal of Oral Implantology 667

Zen et al
D

ow
nloaded from

 http://m
eridian.allenpress.com

/joi/article-pdf/41/6/662/2039805/aaid-joi-d-13-00126.pdf by U
nicam

p user on 29 January 2021


