
http://dx.doi.org/10.4047/jap.2011.3.4.177ORIGINAL ARTICLE J Adv Prosthodont 2011;3:177-85

INTRODUCTION

Osseointegrated implants have provided alternative treatments
to conventional prostheses for patients who lost their teeth and
achieved predictable long-term results.1,2 An accurate and
passively fitting prosthesis as well as successful surgical
operation is suggested as one of the critical requirements
for long term implant success.3-8

Since the uneven distribution of occlusal loads and torquing
stresses on the various elements due to problems related to poor
fit of frameworks connected to implant may lead to margin-
al bone loss and failure of implants as well as in relation to
mechanical problems as loosening of screws and fatigue
fractures of implant components.4-10

It will probably not be possible to connect a multi-unit
implant prostheses with a completely passive fit in clinical sit-
uation because there are many potential inaccuracies with cur-
rent materials and techniques, which include dimensional

changes in impression materials, expansion of gypsum die prod-
uct, dimensional changes in wax and acrylic pattern, dimen-
sional changes in investment materials and volumetric shrink-
age of metal casting on solidification.11

Among these variables, the precise transfer of the spatial
relationships of implants from the mouth to the master cast with
an impression is the first and critical step to ensure passive fit
of implant framework. Therefore, clinicians should strive for
improving the transfer accuracy of the impression copings.12-14

Various techniques have been suggested to achieve an accu-
rate master cast. Squared impression coping15-18 and custom-
made, open-top impression tray19-21 were recommended instead
of tapered impression coping and stock impression tray.

In regard to splint the impression copings, there are many con-
troversies exist since Bra�nemark et al. emphasized the impor-
tance of splinting impression copings together before registration
of impression.22

Humphries et al.,12 Hsu et al.,23 Philips et al.,24 and Herbst et
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al.25 found no significant differences between the values
obtained with acrylic-splinted versus unsplinted groups in impres-
sion techniques.

Spector et al.26 also investigated the accuracy of three varied
impression procedures using the direct and indirect transfer cop-
ings. Though the study involved multiple variables of techniques
and materials, the consistent findings was one of distortion result-
ing from the transfer manipulations. The common practice of
joining the direct transfer copings with acrylic resin is an attempt
to stabilize the copings against rotation during fixture or
abutment analog fastening, control the relationship between
implants in a rigid fashion. In their study, a definite advantage
for this practice has not been shown. The same objective
could be partially accomplished with a rigid impression
material or an elastic material with a low flexibility, both of which
do not introduce the polymerization shrinkage variables
inherent in the use of acrylic resin. Interregui et al.27 and
Burawi et al.28 showed better result with unsplinted group using
polyether or additional silicone impression material alone
and presumed the main reason of distortion with resin splint-
ed group possibly occurred by the residual polymerization shrink-
age.

However, Assif et al.29 and Naconecy et al.30 showed that splint-
ing technique was significantly more accurate than unsplint-
ed techniques. Vigolo et al.31 suggested that the impression tech-
nique involved square impression copings joined together
with autopolymerizing acrylic resin or square impression
copings, previously airborne particle-abraded and adhesive-
coated could improve accuracy of the master cast than non-mod-
ified squared transfer coping without splinting. Cabral et
al.32 compared 4 impression techniques and direct impression
technique with square impression coping with acrylic resin splints

sectioned 17 minutes after setting and welded with the same
resin before impression making showed better results than oth-
er techniques studied. Also Rhyu et al.33 suggested vinyl
polysiloxane (VPS) bite registration material as a splinting mate-
rial and found impressions made with square impression
coping splinted with VPS bite registration material were bet-
ter than acrylic resin splinted group and unsplinted group. 

The purpose of this in vitro study was to evaluate the effect
of dimensional stability of splinting material on the accuracy
of master casts.

MATERIALS AND METHODS

A stainless steel metal model (SS 316, Seoul, Korea) with six
3.75 × 10 mm ad modum Bra�nemark external hex implant
(29108: Noble Biocare, Göteborg, Sweden) was fabricated.

The fixtures were widely distributed throughout the stainless
steel model to simulate fully edentulous condition. This met-
al model was embedded in epoxy resin to serve as stop for
impression tray and standardize tray positioning during
impression making procedures (Fig. 1).

To make accurate impressions for fabrication of sample
casts, custom impression tray incorporating 6 squared trans-
fer copings was fabricated using light-polymerizing tray
material according to manufacturer’s instruction (Triad Tru-
Tray; Dentsply International Inc, York, PA, USA)(Fig. 2). For
uniform thickness of impression materials, the 6 squared
transfer copings were attached to each implant fixtures and were
covered by 2 layers of baseplate wax (Kims international, Seoul,
Korea). The impression tray was designed to have superior open-
ings for the access of guide pins. 
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Fig. 1. Stainless steel master model simulating fully edentulous condition. Fig. 2. Open-top, custom impression tray incorporating 6 squared
transfer copings  was fabricated using light-polymerizing tray material
(Triad Tru-Tray; Dentsply International Inc, York, PA, USA).



Impression procedures

Six squared pick-up type transfer copings (29072; Nobel
Biocare, Göteborg, Sweden) connected on each fixture with
guide pins (Fig. 3). Impressions were made after 6 impression
copings were splinted with each other using five different meth-
ods as follows. Group 1, squared transfer copings splinted with
autopolymerizing acrylic resin (GC pattern resin; GC Corp,
Tokyo, Japan) for 24hours and sectioned, reconnected just before
impression procedure (Fig. 4).

Group 2, squared transfer copings splinted with autopoly-
merizing acrylic resin (GC pattern resin; GC Corp, Tokyo, Japan)
17 minutes before impression procedure (Fig. 5).

Group 3, primary impression was made around transfer
copings with impression plaster (Snow-White plaster No.2; Kerr,

Romulus, MI, USA) following manufacturer’s instruction
and then secondary impression was made with polyether
impression material (Fig. 6).

Group 4, squared transfer copings splinted with impres-
sion plaster (Snow-White plaster No.2; Kerr, Romulus, MI, USA)
over dental floss (Fig. 7). 

Group 5, squared transfer copings splinted with VPS bite reg-
istration material (Blu-Mousse; Parkell Bio-Materials,
Farmingdale, NY, USA)(Fig. 8).

For every impression procedure, the impression material was
machine-mixed (Pentamix;3M ESPE, Seefeld, Germany)
and the mixed material was both syringed around impression
coping and loaded in the impression tray. The impression tray
was hand-pushed until its periphery meets the epoxy resin base
and maintained in position with hand pressure.
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Fig. 3. Six squared transfer copings (29072; Nobel Biocare, Göteborg,
Sweden) connected on each fixture with guide pins.

Fig. 4. Group 1. Squared transfer copings splinted with autopolymerizing acrylic resin (GC pattern resin, GC Corp, Tokyo, Japan) for 24 hours and
sectioned, reconnected just before impression procedure.

A B

Fig. 5. Group 2. Squared transfer copings splinted with autopolymerizing
acrylic resin 17 minutes before impression procedure.



Polyether impression materials (Impregum penta, 3M ESPE,
Seefeld, Germany) were used for impression procedure except
group 5 impressions (Fig. 9). They were made using additional
type polyvinyl siloxane impression material (Dimension
Penta H; 3M ESPE, Seefeld, Germany).

Laboratory procedures

After impressions were made, fixture analogs (29108;
Nobel Biocare, Göteborg, Sweden) were screwed into squared
transfer copings (29072; Nobel Biocare, Göteborg, Sweden)
in the impressions. Each impression was poured with vacuum-
mixed improved dental stone (ResinRock; Whip-Mix,
Louisville, KY, USA). The casts were retrieved from the
impressions after 24 hours.
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Fig. 6. Group 3. Primary impression was made with impression plaster
(Snow-White plaster No.2; Kerr, Romulus, MI, USA) following man-
ufacturer’s instruction and then secondary impression was made with
polyether impression material. The polyether adhesive was applied
onto primary impression (blue color).

Fig. 7. Group 4. Squared transfer copings splinted with impression plas-
ter (Snow-White plaster No.2; Kerr, Romulus, MI, USA) over dental floss. 

Fig. 8.Group 5. Squared impression copings splinted with VPS bite registration
material (Blu-Mousse, Parkell Bio-Materials, Farmingdale, NY, USA).

Fig. 9. Polyether impression material (Impregum F, 3M ESPE, Seefeld, Germany) was used for group 1 to 4 (left) and VPS impres-
sion material was used for group 5. 

A B



From master model, 5 impressions and experimental mod-
els were made for each of 5 splinting methods represented by
group 1 to 5 (Fig. 10). Consequently, total 25 experimental mod-
els were obtained.

Measurements

A computerized numerical control (CNC), coordinate mea-
suring machine (CMM) (STRATO Bright 710; Mitutoyo
Corporation, Tokyo, Japan) was used for all coordinate mea-
surements (Fig. 11A). The accuracy of this CMM was less than
0.0001 mm for the x, y, and z axes. All measurements were per-
formed by the same operator using probe head (PH10M;
Mitutoyo Corporation, Tokyo, Japan) and signal probe (TP7M;
Mitutoyo Corporation, Tokyo, Japan). Geopak-win software
(Mitutoyo Corporation, Tokyo, Japan) was used for geomet-
ric transformation and data processing (Fig. 11B).

The coordinate system used throughout this study was
defined as follows. The centroid of fixture or analog 1 which
is on the right side of model was designated as the origin of coor-
dinated system. The planar surface around it was regarded as
XY plane. An imaginary line was laid on the ZX plane
between centroid of cylinder 1 and the centroid of cylinder 6.
Thus the centroid of fixture or analog 1 lay on the origin (0,0,0)
and the centroid of fixture or analog 6 lay on the ZX plane (x,0,z)
(Fig. 12). This coordinate system marks several dots on the ellip-
tical plane created by platforms of fixtures or analogs and imag-
inary Z plane. The software convert ellipse to circle and
determine centroids of each platform. 

To evaluate the accuracy of each impression methods, coor-
dinates of the centroids on the master model were located in
three dimensions and compared with the coordinates of the cen-
troids on the experimental casts obtained from 5 different impres-
sion methods.  
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Fig. 10. From master model, 5 impressions and experimental models were
made for each splinting method.

Fig. 11. All measurements were made by the same operator using STRATO Bright coordinate measuring machine,
TP7M signal probe and Geopak-win software (Mitutoyo Corporation, Tokyo, Japan).

A B

Fig. 12. Schematic drawing of measurement done by STRATO Bright
710 coordinate system. 



Statistical analysis

Means and standard deviations were calculated for each item
measured (i.e., each type of impression methods). A one-
way analysis of variance (ANOVA) at a confidence level of 95%
was used to evaluate the data and Tukey’s studentized range
test was used to determine significant differences between the
groups.

RESULTS

Table 1 shows means of actual distortion amount on each fix-
ture analogs of 5 experimental models resulted from 5 different
impression methods. The Δx, Δy, and Δz values are the
amounts of displacement of each fixture analogs in the direc-
tion of axis from standard position (circle 1) and they were com-
pared with x, y, z points of master model.

The difference of means for each of 3 distortion variables
between master model and each splinting method are given as
each entry in Table 2. The result of one sample T-test shows
discrepancies in x, y and z axes between master model and each
of 5 splinting method (P<.0001). Not any impression method
perfectly duplicated the master model, but some extent of dis-
tortion values was clinically acceptable.

Table 3 shows comparison between the global means in each
splinting methods. In x-axis, the mean distortion value of
group 1 model was 14 ± 11.3 μm which was significantly less
than other groups. 

The mean distortion values of group 3: 19.6 ± 10.5 μm; group
4: 28.9 ± 20.5 μm; group 5: 31.2 ± 29.7 μm were found to
have no significant difference. The maximum mean distortion
value was measured in group 2: 32.1 ± 11.2 μm. In the
same manner the mean distortion value of group 1 in y-axis was
7.4 ± 6.9 μm which was also significantly less than other groups.
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Table 1. Means of actual distortion amount on each fixture analogs
Impression Element number Distortion (Mean ± SD)

type (Implant position) Δx (mm) Δy (mm) Δz (mm)
1 1 0 0 0

2 0.0076 ± 0.0077 0.0124 ± 0.0129 0.0017 ± 0.0079
3 -0.0053 ± 0.0136 -0.0019 ± 0.0099 0.0041 ± 0.114
4 -0.0259 ± 0.0135 0.0022 ± 0.0066 0.0049 ± 0.0152
5 0.0069 ± 0.0110 0.0016 ± 0.0106 0.0026 ± 0.0117
6 0.0086 ± 0.0182 0 0.0096 ± 0.0047

2 1 0 0 0
2 0.0086 ± 0.0421 -0.0287 ± 0.0164 -0.1241 ± 0.0909
3 0.0042 ± 0.0186 -0.0089 ± 0.0050 -0.1059 ± 0.0976
4 0.0242 ± 0.0241 -0.0243 ± 0.0081 -0.0877 ± 0.0898
5 0.0352 ± 0.0252 -0.0301 ± 0.0099 -0.0689 ± 0.0829
6 0.0557 ± 0.0184 0 -0.0690 ± 0.0733

3 1 0 0 0
2 -0.0186 ± 0.0068 0.0325 ± 0.0101 -0.0014 ± 0.0084
3 0.0185 ± 0.0158 0.0308 ± 0.0143 0.0044 ± 0.0071
4 0.0221 ± 0.0149 0.0060 ± 0.0167 -0.0114 ± 0.0127
5 0.0090 ± 0.0148 0.0195 ± 0.0103 0.0102 ± 0.0130
6 0.0206 ± 0.0142 0 0.0043 ± 0.0140

4 1 0 0 0
2 0.0099 ± 0.0219 0.0041 ± 0.0080 -0.0222 ± 0.0166
3 0.0314 ± 0.0201 -0.0150 ± 0.0284 -0.0364 ± 0.0251
4 0.0216 ± 0.0189 0.0362 ± 0.0210 -0.0182 ± 0.0229
5 0.0473 ± 0.0241 0.0154 ± 0.0219 -0.0287 ± 0.0178
6 0.0225 ± 0.0237 0 -0.0170 ± 0.0076

5 1 0 0 0
2 0.0356 ± 0.0428 0.0277 ± 0.0361 0.0002 ± 0.0336
3 0.0105 ± 0.0321 0.0266 ± 0.0293 0.0168 ± 0.0272
4 0.0014 ± 0.0213 0.0359 ± 0.0209 0.0227 ± 0.0280
5 0.0118 ± 0.0276 0.0396 ± 0.0190 -0.0059 ± 0.0347
6 0.0501 ± 0.0485 0 -0.0018 ± 0.0210

Values are mean ± SD



The mean distortion values of group 2: 18.4 ± 15 μm, group
3: 19.5 ± 14.9 μm, group 4: 18.2 ± 18 μm were found to have
no significant difference. The mean distortion value of group
5 in y-axis was 28.4 ± 23.6 μm and it was the largest among
all groups.

Likewise, similar result was observed from z-axis as well, group
1 had the statistically smallest mean distortion value which was
8.6 ± 7.1 μm. The mean distortion values of group 3, group
4, group 5 model were 10.2 ± 7.6 μm, 25.7 ± 17 μm, 23.4 ±
17.9 μm, respectively and found to have statistically no significant
difference between group 1, 3, 4, and 5. The mean distortion
value of group 2 was 108 ± 57.7 μm that gave the worst results
within all distortion data of experimental models (Table 3).

In summary, group 1 showed the smallest distortion and the
mean distortion values of group 3 and 4 were shown to be the
similar and next to group 1. On the other hand, group 2
showed relatively larger distortion than any other group.

DISCUSSION

Passive fit was described by Bra�nemark to be ideally in the
10 μm range.34 The definition has evolved to describe a clin-
ically acceptable fit in which stress/strain conditions are
within the physiologic range that enables the immature bone
to mature or remodel in response to occlusal loads following
prosthesis connection. 

Inaccuracy can be related to horizontal and vertical errors.
Horizontal fit discrepancy leads to binding of the screws
and bending stresses in implant system and when vertical fit
discrepancy is present, the preload is used to bring the mating
surface closer together, which makes the screw vulnerable to
fatigue fractures and loosening.35

Horizontal (x- and y-axes) displacement in relation to the mas-
ter cast replicas contributes to a major part of the distortion of
prostheses. However, the vertical dimension of distortion (z-
axis) seems to increase more than the increase in the horizontal
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Table 2. Difference of means for each of 3 distortion variables between master model and each splinting method
Impression Distortion (Mean ± SD, 95% CI)

type Δx (mm) Δy (mm) Δz (mm)
1 0.0140 ± 0.0112 0.0074 ± 0.0069 0.0086 ± 0.0071

(0.0094, 0.0186) (0.0045, 0.0102) (0.0057, 0.0116)
P value <.0001 <.0001 <.0001

2 0.0321 ± 0.0242 0.0184 ± 0.0150 0.1080 ± 0.0577
(0.0221, 0.0421) (0.0122, 0.0246) (0.0842, 0.1318)

P value <.0001 <.0001 <.0001
3 0.0196 ± 0.0105 0.0195 ± 0.0149 0.0102 ± 0.0076

(0.0152, 0.0239) (0.0134, 0.0257) (0.0070, 0.0133)
P value <.0001 <.0001 <.0001

4 0.0289 ± 0.0205 0.0182 ± 0.0180 0.0257 ± 0.0170
(0.0204, 0.0374) (0.0108, 0.0257) (0.0187, 0.0328)

P value <.0001 <.0001 <.0001
5 0.0312 ± 0.0297 0.0284 ± 0.0236 0.0234 ± 0.0179

(0.0189, 0.0436) (0.0186, 0.0381) (0.0160, 0.0308)
P value <.0001 <.0001 <.0001

H0 : μ= 0, P values were determined by one-sample t-test.

Table 3. Comparison between the global means in each splinting methods
Impression Global means (Mean ± SD)

type Δx (mm) P value Δy (mm) P value Δz (mm) P value 
1 0.0140 ± 0.0112A .0067 0.0074 ± 0.0069A .0008 0.0086 ± 0.0071A <.0001
2 0.0321 ± 0.0242B 0.0184 ± 0.0150AB 0.1080 ± 0.0577B

3 0.0196 ± 0.0105AB 0.0195 ± 0.0149AB 0.0102 ± 0.0076A

4 0.0289 ± 0.0205AB 0.0182 ± 0.0180AB 0.0257 ± 0.0170A

5 0.0312 ± 0.0297AB 0.0284 ± 0.0236B 0.0234 ± 0.0179A

P values were determined by one-way ANOVA
A,B The same letter indicated no significant difference between the global means in each impression type by Tukey’s studentized range test (P>.05).



axis when tested in the mouth, which could be critical because
this direction of distortion may be more related to introduce
preload in the implant.36

It is known that there are some built in machining tolerances
in each implant system but any discrepancy above the machin-
ing tolerance in the x, y or z axis may not allow a proper clamp-
ing effect of the components. Furthermore the amount of
introduced stress may vary, depending on the stiffness of
the framework for exactly the same degree of misfit. Thus, the
biomechanical impact of fit between osseointegrated implants
and superstructures seems to be complex, and there is at
present time no answer to the question of what acceptable clin-
ical fit should be.37

Also there are many variables with current materials and tech-
niques that can influence clinical acceptable fit of implant frame-
work but clinician must strive to overcome these variables.

The precise transfer of the spatial relationships of implants
from the mouth to the master cast with an impression is the first
and critical step to ensure passive fit of implant framework.

Various techniques had been introduced to get accurate
impression and splinting of impression coping is one of those
even if there are still controversies.

Some studies found no difference between splinted and
nonsplinted technique.12,23-26 However, other studies showed that
splinting may provide stabilization of transfer copings against
torque from analog tightening and reduce rotational free-
dom within resilient impression material.29-33

And it is advocated splinting is the determining factor for the
most accurate cast fabrication, regardless of impression mate-
rial even though the polyether impression material is very rigid
after setting.16,29

In the present study, authors compared autopolymerizing acrylic
resin, impression plaster and VPS bite registration paste as splint-
ing material to evaluate their effect of polymerization shrink-
age of splinting material.

It has been reported that the total shrinkage of acrylic resin
is between 6.5% and 7.9% in the first 24 hours, with 80% of
shrinkage occurring in the first 17 minutes after mixing,38 where-
as the setting expansion of impression plaster is between
0.01% and 0.12%.39

Perfect duplication of master model was impossible in all
groups. Group 1, 3, and 4 showed clinically acceptable mean
distortion value and the largest distortion were measured in group
2.27

Minimal distortion were found out in group 1 impression
method using resin splinting for more than 24 hours, then sec-
tioned and reconnected just before the impression proce-
dure. Adequate polymerization time and the process of com-
pensation seemed like the reason of best accuracy.

Thus, Dumbrigue et al.40 and Naconecy et al.30 presented sim-
ple and less time consuming procedure that can rigidly con-
nect transfer coping and minimize the effect of resin poly-

merization shrinkage such as using prefabricating resin bar or
carbon steel bar.

Assif et al.41 showed the efficacy of impression plaster as splint-
ing material. They stated that impression plaster sets rapidly,
is quite accurate and rigid, and does not bend or distort; it is
also easy to manipulate, less time consuming and less expen-
sive to use. The exothermic reaction is negligible.

Nissan et al. and Eid also described how to use impression
plaster to make implant impression in their clinical studies and
stated about the accuracy, easy of manipulation and decreased
working time.42,43

On the other hand, the proper use of VPS bite registration mate-
rial could be a doubt as a splinting material because of its short
working time and low flowability although their dimension-
al stabilities are excellent. However, this study shows that the
bite registration material was found out the similar accuracy
compared to the impression plaster except the distortion val-
ues in y-axis.

CONCLUSION

Within the limitations of this in vitro study,
1. Splinting square impression coping with autopolymeriz-

ing resin, adequate polymerization time and compensation
procedure before impression (Group 1 impression method)
was found to be statistically the most accurate method of
splinting (mean distortion values < 20 μm).

2. Clinically acceptable accuracy could be obtained from the
splinting methods used with the impression plaster.
Statistically significant difference was not found between
the group 3 and 4 (Table 3).

3. The splinting method used with the VPS bite registration
material showed statistically more distortion than impres-
sion plaster in y-axis. However, there was no statisti-
cally significant difference of accuracy in the x- and z- axes. 

4. The impressions made with direct autopolymerizing
resin splint method without compensation procedure
(group 2) resulted in more distortion than other methods
as a whole. Especially, there was a significant loss of accu-
racy in the z-axis with the high mean distortion value over
100 μm. 
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20. Rueda LJ, Sy-Muñoz JT, Naylor WP, Goodacre CJ, Swartz ML.
The effect of using custom or stock trays on the accuracy of gyp-
sum casts. Int J Prosthodont 1996;9:367-73.

21. Burns J, Palmer R, Howe L, Wilson R. Accuracy of open tray
implant impressions: an in vitro comparison of stock versus cus-
tom trays. J Prosthet Dent 2003;89:250-5.

22. Branemark PI, Zarb GA, Albrektsson T. Tissue-integrated
prostheses. Osseointegration in clinical dentistry. Chicago:
Quintessence; 1985. P. 11-2, 253-7.

23. Hsu CC, Millstein PL, Stein RS. A comparative analysis of the
accuracy of implant transfer techniques. J Prosthet Dent
1993;69:588-93.

24. Phillips KM, Nicholls JI, Ma T, Rubenstein J. The accuracy of

three implant impression techniques: A three-dimensional
analysis. Int J Oral Maxillofac Implants 1994;9:533-40.

25. Herbst D, Nel JC, Driessen CH, Becker PJ. Evaluation of im-
pression accuracy for osseointegrated implant supported su-
perstructures. J Prosthet Dent 2000;83:555-61.

26. Spector MR, Donovan TE, Nicholls JI. An evaluation of impression
techniques for osseointegrated implants. J Prosthet Dent
1990;63:444-7.

27. Inturregui JA, Aquilino SA, Ryther JS, Lund PS. Evaluation of
three impression techniques for osseointegrated oral implants.
J Prosthet Dent 1993;69:503-9.

28. 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.

29. Assif D, Marshak B, Schmidt A. Accuracy of implant impres-
sion techniques. Int J Oral Maxillofac Implants 1996;11:216-22.

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

31. Vigolo P, Majzoub Z, Cordioli G. Evaluation of the accuracy of
three techniques used for multiple implant abutment impressions.
J Prosthet Dent 2003;89:186-92.

32. Cabral LM, Guedes CG. Comparative analysis of 4 impression
techniques for implants. Implant Dent 2007;16:187-94.

33. Rhyu SM, Cho IH, Lim HS, Lim JH, A comparative study on
the accuracy of master casts by implant impression techniques.
J Korean Acad Prosthodont 2002;40;18-29

34. Bra�nemark PI. Osseointegration and its experimental back-
ground. J Prosthet Dent 1983;50:399-410.

35. Millington ND, Leung T. Inaccurate fit of implant superstruc-
tures. Part 1: Stresses generated on the superstructure relative to
the size of fit discrepancy. Int J Prosthodont 1995;8:511-6.

36. Jemt T, Book K. Prosthesis misfit and marginal bone loss in eden-
tulous implant patients. Int J Oral Maxillofac Implants
1996;11:620-5.

37. Jemt T, Lie A. Accuracy of implant-supported prostheses in the
edentulous jaw: analysis of precision of fit between cast gold-
alloy frameworks and master casts by means of a three-di-
mensional photogrammetric technique. Clin Oral Implants Res
1995;6:172-80.

38. Mojon P, Oberholzer JP, Meyer JM, Belser UC. Polymerization
shrinkage of index and pattern acrylic resins. J Prosthet Dent
1990;64:684-8.

39. ANSI-ADA Specification No.25 Dental gypsum products.
Chicago: American dental association council on dental mate-
rials and equipment. 2000.

40. Dumbrigue HB, Gurun DC, Javid NS. Prefabricated acrylic resin
bars for splinting implant transfer copings. J Prosthet Dent
2000;84:108-10.

41. Assif D, Nissan J, Varsano I, Singer A. Accuracy of implant im-
pression splinted techniques: effect of splinting material. Int J
Oral Maxillofac Implants 1999;14:885-8.

42. Nissan J, Barnea E, Krauze E, Assif D. Impression technique for
partially edentulous patients. J Prosthet Dent 2002;88:103-4.

43. Eid N. An implant impression technique using a plaster splint-
ing index combined with a silicone impression. J Prosthet
Dent 2004;92:575-7.

185

Accuracy of five implant impression technique: effect of splinting materials and methods

J Adv Prosthodont 2011;3:177-85

Lee SJ et al.


