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ABSTRACT

Title of Dissertation:   “The effect of implant angulation and 
    impression technique on impression accuracy 
    of NobelActive implants”

    Gillian Brewer Alexander Hazboun, DDS

Dissertation Directed by: Dr. Radi Masri
    Assistant Professor
    Department of Endodontics, Prosthodontics 
    and Operative Dentistry
    University of Maryland School of Dentistry

Purpose: The purpose of this study was to measure the accuracy of implant impression 

techniques in vitro, using closed and open tray impression techniques, for NobelActive 

implants placed at various angulations.

Materials and Methods: Six NobelActive implants were placed in a master cast as 

follows: 0 degrees of angulation to a line drawn perpendicular to the occlusal plane in the 

molar area, 15 degrees of angulation to a line drawn perpendicular to the occlusal plane 

in the premolar area, and 30 degrees of angulation to a line drawn perpendicular to the 

occlusal plane in the incisor area. Twelve open tray and twelve closed tray impressions 

were made. Occlusal, lateral and frontal view photographs of the resulting casts were 

taken and analyzed in Adobe Photoshop. Linear displacement was measured in 

micrometers and angular displacement was measured in degrees. Statistical analysis was 



performed using a factorial analysis of variance (two-way ANOVA) and Tukey's 

Honestly Significant Difference test. A p value of ≤ 0.05 was considered significant.

Results: There was no significant difference found in the accuracy of impressions made 

of NobelActive implants using the open or closed tray technique when measured in 

micrometers or degrees. In addition, there was no significant difference found in the 

accuracy  of impressions made of NobelActive implants placed at 0, 15 or 30 degrees of 

angulation to a line drawn perpendicular to the occlusal plane when measured in 

micrometers or degrees. Finally, there was no significant interaction found between 

impression technique and implant angulation on NobelActive implants. 

Conclusions: Within the limitations of this study, impression technique (open vs. closed 

tray) and implant angulation (0, 15, and 30 degrees to a line drawn perpendicular to the 

cast) did not have a significant effect on the accuracy of in vitro impressions made of 

NobelActive implants.
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INTRODUCTION:

 Advancement in dental implants has revolutionized modern clinical dentistry. 

Their use has greatly broadened the scope of treatment options for the partially and 

completely edentulous patient. Years of clinical experience have fostered a consensus 

regarding many of the placement criteria and techniques to maximize the chance for 

long-term implant stability and function (Steigenga et al., 2003). Although predictable 

long-term results are often achieved with implants, failures do occur. They can be 

attributed to patient related factors such as complex medical history, imprecise surgical 

technique, improper prosthodontic planning, or poor maintenance. Their success is 

dependent on many  factors, one being an accurate three-dimensional registration of the 

fixtures. 

 Fabricating an implant supported prosthesis is similar to fabricating a 

conventional fixed prosthesis in many ways. One main difference between implant 

prosthodontics and conventional fixed prosthodontics is that in the former, it  is more 

critical to record the three dimensional position of the implants as they occur intraorally. 

Natural teeth have a periodontal ligament that can compensate for minor inaccuracies of 

positioning of the abutment teeth. However, as osseointegrated implants are not  mobile, it 

is important to ensure an accurate relationship on the definitive cast (Pesun, 1997).

 The first step in producing an accurate prosthesis is to reproduce the intraoral 

relationship  of the fixtures with an impression. According to the Glossary of 

Prosthodontic Terms (2005, GPT 8), a dental impression is a negative imprint of an oral 
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structure used to produce a positive replica of the structure to be used as a permanent 

record or in the production of a dental restoration or prosthesis. 

 Currently, each implant system has its own set of machined impression copings 

that connect to the implant and facilitate the replication of the implant position to a stone 

cast. An impression coping is the component of a dental implant system that is used to 

relate the spatial position of an endosteal dental implant to the alveolar ridge and adjacent 

dentition or other structures. Impression copings can be retained in the impression; this is 

termed an impression pickup procedure. Alternatively, the copings may be transferred 

from the mouth to the impression after attaching the analog or replica; this is termed a 

transfer impression procedure. An implant analog is a replica of a portion of an implant 

abutment made of brass, aluminum, steel, or plastic (2005, GPT 8). 

 An inaccurate impression may result in prosthesis misfit, which can lead to further 

problems such as mechanical and/or biological complications. The literature identified 

the following six categories of complications associated with implant prostheses: surgical 

complications, implant loss, bone loss, peri-implant soft tissue complications, mechanical 

complications, and esthetic/phonetic complications (Goodacre et al., 2003). Screw 

loosening, screw fracture, implant fracture, and occlusal inaccuracy  have been reported as 

mechanical complications arising from prosthesis misfit (Eckert et al., 2000). 

Biologically, marginal discrepancy from misfit may cause unfavorable soft and/or hard 

tissue reactions due to increased plaque accumulation (Lindhe et al., 1992). Researchers 

have questioned whether an "absolute" passive fit is a prerequisite for successful implant 

restorations (Karl et al., 2008). Even though obtaining absolute passive fit is practically 
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impossible (Kan et al., 1999), minimizing the misfit to prevent possible complications is 

a generally accepted goal of prosthodontic implant procedures.

 Literature shows that the accuracy of the implant cast depends on many factors: 

the type of impression material, the implant impression technique, the implant angulation, 

the die material accuracy and the master cast technique (Wee, 2000). Techniques to 

achieve more accurate impressions for patients with multiple dental implants have been 

tested. The ultimate clinical objective should be to fabricate a prosthesis that imparts no 

stress to the implants when fully seated (Adell et al., 1981). Questions have been raised 

whether certain techniques are more reliable than others; whether there is one 

recommended impression material more suitable for implant  impressions; whether coping 

design or the implant angulation interfere with the accuracy of the working cast. 

Transfer versus pickup impression techniques:

 Traditionally, there are two different implant impression techniques:

1. The pickup technique involves fastening an impression coping to the implant with 

a screw that extends above the height of the coping and through an opening cut in 

a custom impression tray (also called open tray technique or direct technique). 

The screw is loosened when the material is set and the tray is removed from the 

mouth with the impression coping retained within the impression. An implant 

analog is fastened to the impression coping using the same screw and a working 

cast is poured (Carr, 1991). The pickup technique allows for the impression 

coping to remain in the impression. This reduces the effect of the implant 

angulation, the deformation of the impression material upon recovery from the 
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mouth, and removes the concern for replacing the coping back into its respective 

space in the impression. Disadvantages of this technique are that there are more 

parts to control when fastening, there may be some rotational movement of the 

impression coping when securing the implant analog, and blind attachment of the 

implant analog to the impression coping may result in a misfit  of components 

(Carr, 1991).

2. The transfer technique uses tapered copings and a closed tray to make an 

impression (also called closed tray or indirect technique). The copings are 

connected to the implants, and an impression is made and separated from the 

mouth, leaving the copings intraorally. The copings are removed and connected to 

the implant analogs, and then the coping-analog assemblies are reinserted in the 

impression before fabricating the definitive cast.

 There may be clinical situations which mandate the use of the closed tray 

technique, such as when the patient has limited inter-arch space, a tendency to gag, or if it 

is too difficult to access an implant in the posterior region of the mouth (Liou et al., 

1993).

 Supporters of the closed tray technique suggest that it is more reliable as visual 

fastening of the analog to the coping is more accurate. There is concern that inaccuracies 

with recovery and subsequent deformation may be encountered with nonparallel 

implants. Impression copings must also be repositioned exactly  into their respective 

positions in the impression, otherwise, misfits will occur (Carr, 1991).
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 In 1990, Spector et al. reported on the accuracy of master casts fabricated from 

three impression techniques for the Nobel Biocare System: one pickup  technique with 

guide pin-retained copings splinted with autopolymerizing acrylic resin using rubber base 

impression material; the second transfer technique with a vinyl polysiloxane material in 

stock tray over transfer copings; the third transfer technique used a condensation silicone 

in stock tray over transfer copings. Although the study involved multiple variables of 

techniques and materials, the consistent finding was one of distortion resulting from the 

transfer manipulations for the transfer technique (Spector et al., 1990).

 In their 1991 investigation, Carr et al. used a five-implant edentulous mandibular 

master cast with inter-abutment divergence angles of less than 15 degrees. The authors 

used a transfer technique with tapered copings and a pickup  technique with square 

copings. All impressions were made with polyether material. The results showed that the 

pickup method provided the most accurate working casts (Carr, 1991).

 Rodney et al. investigated the accuracy of transferred relationships in a parallel 

two-implant model. Results showed that a passive prosthesis could not be produced from 

either the pickup or the transfer technique. However, the pickup technique produced more 

accurate impressions when compared to the transfer technique (Rodney et al., 1991).

 In 1992, Carr et al. used a two-implant model represented by an anterior implant 

parallel to the adjacent natural tooth and a posterior implant exhibiting a 15-degree 

lingual inclination. The authors investigated the accuracy  of the transfer and pickup 

technique using polyether impression material. The results showed that the pickup 

technique showed comparable or better results than the transfer technique. Also, a less 
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than 15 degree divergence between implants in the same arch segment did not seem to 

play a great role in impression accuracy for implants in close proximity (Carr, 1992).

 Herbst et al. investigated implant impressions which were made using four 

techniques: tapered impression copings not  splinted, squared impression copings not 

splinted, squared impression copings splinted with autopolymerizing acrylic resin and 

squared impression copings with a lateral extension on one side not splinted. A two-stage 

addition-reaction silicone impression material was used and open trays were used for the 

squared copings vs. closed trays for the tapered copings. No significant difference was 

found between the four techniques (Herbst et al., 2000).

 De La Cruz et al. compared the dimensional accuracy of verification jigs with that 

of conventional impression procedures and measured the dimensional accuracy of three 

resin materials used to fabricate verification jigs: GC pattern resin, Duralay resin and 

Triad gel resin. Three parallel externally  hexed Steri-Oss implants were used and two 

types of impressions were made: transfer impression copings and pickup  impression 

copings. Results showed that the accuracy provided by verification jigs was not 

significantly superior to standard impression procedures. The results also suggested that 

jig fabrication did not improve the dimensional accuracy of stone casts. Pickup 

impressions showed a significantly greater inaccuracy in the vertical plane (De La Cruz 

et al., 2002).

 Daoudi et al. investigated repositioning of the copings after making the transfer 

impression by three different groups of people: senior dentists, postgraduate dental 

students, and dental technicians. The copings never returned to the original position and 
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this was believed to be the primary source of error in the transfer impression technique. 

This error could be multiplied when the impression is made in situations of multiple 

implants (Daoudi et al., 2004).

 Conrad et al. measured the accuracy of the transfer and pickup impression 

techniques using three implants at  various angulations. The center implant was 

perpendicular to the plane of the cast while the outer implants had 5, 10, or 15 degrees 

convergence towards or divergence away from the center implant. The control definitive 

cast had all three implants parallel to each other and perpendicular to the plane of the 

cast. The average angle errors for the transfer and pickup impression techniques did not 

differ significantly. There was no interpretable pattern of average angle errors in terms of 

implant angulation and implant number. The magnitude of distortion was similar for all 

combinations of impression technique, implant angulation, and implant number. The 

average angle errors for the pickup  technique were not significantly different  from the 

average angle errors for the transfer technique (Conrad et al., 2007).

  Walker et al. investigated implant impression accuracy as a function of impression 

technique and impression material viscosity  combinations. They used transfer technique 

using screw-on metal copings at the implant level versus pickup with plastic impression 

caps at the abutment level and heavy or medium body around the impression copings in 

conjunction with medium body material in the impression tray. Results showed that 

accuracy  was not affected by impression material viscosity; however, the transfer 

technique yielded more accurate casts than the pickup technique (Walker et al., 2008).
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 Wenz et al. investigated the deviations of the implant positions of both 

impressions and casts using different  impression materials and techniques. They  used 2 

implants parallel to each other. A pickup technique was used with a medium-viscosity 

material or a putty-tray  material in combination with a light-viscosity syringe material; a 

transfer technique was used with a putty-tray material in combination with a light-

viscosity  syringe material. The distortions in the horizontal plane of the casts obtained 

from the transfer and pickup  techniques did not affect the clinical fit of implant-retained 

superstructures (Wenz & Hertrampf, 2008).

 There have been many studies that compared the accuracy of pickup and transfer 

impression techniques. Some studies showed no difference between the two techniques, 

(Herbst et al., 2000: Naconecy  et al., 2004; Cabral & Guedes, 2007; Conrad et  al., 2007; 

Wenz & Hertrampf, 2008) some studies favored the pickup technique (Spector et al., 

1990; Carr, 1991; Barrett et al., 1993; Rodney  et al., 1991; Carr et al., 1992; Phillips & 

Goto, 2002; Assunção et al., 2004; Daoudi et al., 2004; Del'Acqua et al., 2008) and others 

showed more accurate impressions with the transfer technique (Humphries et al., 1990; 

De La Cruz et al., 2002; Walker et al., 2008).

Splinted versus non-splinted technique:

 There is evidence in the literature that the distortion of abutment positions is very 

common with available impression techniques. A common method used to surpass this 

difficulty has been splinting of implant transfer copings to achieve stabilization against 

rotation during analogue fastening and control the transfer coping relationships in the 

impression material.
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 In 1985, Brånemark et al. emphasized the importance of splinting impression 

copings with a scaffolding made of dental floss and covered with autopolymerizing 

acrylic resin for transfer impressions (Brånemark, 1985). The underlying principle was to 

connect the impression copings using a rigid material to prevent individual coping 

movement during the impression-making procedure. Since then, there have been 

numerous studies that have discussed the use of splinting impression copings (Table 1).

Table 1: Studies comparing the accuracy of splinted vs. non-splinted 
impression techniques.

Author/ year Impression method Impression accuracy

Spector et al. (1990) Splinted with Duralay No difference

Humphries et al. (1990) Splint 30 min before impression No difference

Assif et al. (1992) Polymerize on copings then joined 
before impression

Splint better

Barrett et al. (1993) Splint 10 min before impression No difference

Hsu et al. (1993) Splint 20 min before impression
Polymerize on copings then joined 
before impression

No difference

Phillips et al. (1994) Splint Non-splint better

Assif et al. (1996) Splint
Splint copings to custom tray

Splint better

Burawi et al. (1997) Splint 24 h before impression,
section, then rejoin 15 min before
impression

Non-splint better

Assif et al. (1999) Splint with: autopolymerizing acrylic 
resin, dual-cure acrylic resin and 
plaster.

Autopolymerizing 
acrylic resin and 
plaster as splint 
material more 
accurate

Herbst et al. (2000) Splint 10 min before impression No difference
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Table 1: Studies comparing the accuracy of splinted vs. non-splinted 
impression techniques (continued).

Author/ year Impression method Impression accuracy

Vigolo et al. (2003) Splint 1 day before impression, 
section, then rejoin just before 
impression

Splint better

Vigolo et al. (2004) Splint 1 day before impression, 
section, then rejoin just before 
impression

Splint better

Assunção et al. (2004) Splint Splint better

Kim et al. (2006) Splint, section, then rejoin before
impression

No difference

Assunção et al. (2008) Splint with resin
Splint with resin bar, then joined

Splint better

Cabral et al. (2007) Splint 3 min before impression
Splint 17 min, section, then rejoin
before impression

Splint better

Choi et al. (2007) Splint, section, then rejoin 15 min
before impression

No difference

Filho et al. (2008) Splint with resin
Splint with prefabricated acrylic resin 
bar

Splint better

 Some authors suggested possible problems with the splint technique, such as 

distortion of the splint materials, (Spector et al., 1990) and fracture of the connection 

between the splint material and the impression copings (Burawi et al., 1997). Some 

sectioned the splint material connection, leaving a thin space between, then rejoining with 

a minimal amount of the same material to minimize the shrinkage (Assif et al., 1992; 

Inturregui et al., 1993) or they connected all of the impression copings with splint 

material, then waited for complete polymerization of the material (Hsu et al., 1993; 
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Naconecy  et al., 2004). One study investigated splinting the impression copings to the 

impression tray, but no advantage was found (Assif et al., 1996).

 Spector et al. measured the accuracy of three impression procedures using pickup 

and transfer impression copings and a parallel six-implant model. The results showed that 

no technique proved to be more accurate; however the shrinkage of the acrylic resin 

would create some error during the pickup procedure (Spector et al., 1990).

 Humphries et al. investigated the dimensional accuracy  of master casts fabricated 

using tapered hydrocolloid impression copings not splinted together, squared polymer 

impression copings not splinted together and squared polymer impression copings 

splinted together with autopolymerizing acrylic resin. A parallel four-implant  model was 

used. All impressions were made in custom trays with a two-stage addition-reaction 

silicone material. Results showed that the un-splinted tapered hydrocolloid coping 

impression technique gave more accurate results than the un-splinted and splinted 

squared polymer coping techniques (Humphries et al., 1990).

 Assif et al. also investigated the accuracy of implant  impression procedures using 

four techniques and a different measuring scheme from the previous investigators. Their 

results indicated an advantage with the splinted pickup  copings. Data showed that the 

splinted coping/alginate group  and the splinted coping/polyether group  were most 

accurate, followed by the un-splinted coping/polyether group and the tapered coping/

vinyl polysiloxane group (Assif et al., 1992).

 Barrett et al. evaluated six impression techniques: tapered copings with alginate 

and vinyl polysiloxane, square copings with plaster, polyether and vinyl polysiloxane. 
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Copings were splinted with floss and acrylic resin before making the vinyl polysiloxane 

impression. This project  introduced a new design to measure absolute distortion by  using 

three widely separated reference points outside the distorting medium. No significant 

differences were noted among the materials used for the square copings. Tapered 

impression copings produced less accurate results than squared copings. Splinting the 

copings with acrylic resin produced better results than non-splinting (Barrett et al., 1993).

 Hsu et al. compared the accuracy of polyether impressions made by  four 

techniques: non-splinted square copings, dental floss and Duralay  resin splinted copings, 

stainless steel orthodontic wire and Duralay  splinted copings and copings splinted using 

prefabricated blocks of Duralay. The study concluded that the bulk volume of Duralay 

acrylic resin used for splinting is an insignificant  factor in impression transfer accuracy, 

and that there was no significant difference between the splinted and non-splinted 

copings (Hsu et al., 1993).

 Phillips et al. compared the accuracy of three implant impression techniques using 

tapered copings, square copings alone and square copings with acrylic resin splint. The 

implant replicas had a 10-degree angulation towards the labial. The distortion values were 

compared to the known machining tolerances for these copings. The authors found there 

was no significant difference between the accuracy of the splinted and non-splinted 

techniques, nor was there a significant difference between the accuracy of the square and 

tapered copings. However, the distortion of the non-splinted square copings was the only 

one that showed no significant difference when compared to the measured machining 

tolerance. The authors consider the splinting technique to be lengthy, complicated, not 
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more accurate than the non-splinting technique and therefore unnecessary  (Phillips et  al., 

1994). 

 In a 1996 study, Assif et  al. assessed the accuracy of three impression techniques: 

non-splinted square copings, copings splinted with autopolymerizing acrylic resin and 

copings splinted directly  to an acrylic resin custom tray. The authors used five parallel 

implant analogs in a mandibular master cast. The technique using acrylic resin to splint 

the transfer copings was significantly more accurate than the two other techniques (Assif 

et al., 1996).

 In 1999, Assif et al. investigated the accuracy  of impression techniques using 

three different splinting materials: autopolymerizing acrylic resin, dual-cure acrylic resin 

and plaster. The impressions using autopolymerizing acrylic resin and plaster as a 

splinting material were significantly more accurate than the dual-cure acrylic resin. The 

authors also recommend plaster as the material of choice for completely edentulous 

patients (Assif et al., 1999).

 Burawi et al. used a stone master model incorporating five implants (Bone-Lock) 

to compare the dimensional accuracy of a splinted impression technique with a non-

splinted impression technique. The splinted technique exhibited more deviation from the 

master model than did the non-splinted technique. This was primarily associated with 

rotational discrepancies around the long axes of the implants for the splinted technique 

(Burawi et al., 1997).

 Herbst et al. investigated implant impressions which were made using four 

techniques: tapered impression copings not  splinted, squared impression copings not 
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splinted, squared impression copings splinted with autopolymerizing acrylic resin and 

squared impression copings with a lateral extension on one side not splinted. A two-stage 

addition-reaction silicone impression material was used. No significant difference was 

found between the four techniques (Herbst et al., 2000).

 In a 2003 study, Vigolo et al. evaluated the accuracy of three different impression 

techniques using polyether impression material to obtain a definitive cast  for the 

fabrication of a prosthesis that would fit  passively  on multiple implants. In the first group, 

non-modified square impression copings were used; in the second, square impression 

copings were used and luted together with autopolymerizing acrylic resin before the 

impression procedure; and in the third, square impression copings, previously airborne-

particle abraded and coated with the manufacturer-recommended impression adhesive, 

were used. Improved accuracy of the definitive cast was achieved when the impression 

technique involved square impression copings luted together with autopolymerizing 

acrylic resin or square impression copings that had been airborne-particle abraded and 

adhesive coated (Vigolo et al., 2003).

 In 2004, Vigolo et al. evaluated the accuracy of three different impression 

techniques using polyether impression material to obtain a precise definitive cast for a 

multiunit implant restoration with multiple internal connection implants. The authors 

used a connection system that had a 4-mm–deep internal engagement with thick coronal 

walls and a system that confirms proper seating of different components. The results 

suggested that when impression copings are splinted with acrylic resin, more accurate 

definitive casts can be obtained for internal connection implants than when unsplinted or 
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airborne-particle–abraded, adhesive-coated impression copings are used (Vigolo et al., 

2004).

 Assunção et al. evaluated the effect of various implant angulations on the 

accuracy  of implant impressions under different parameters: indirect technique with 

conical copings in closed trays, direct technique with square copings in open tray and 

square copings splinted with autopolymerizing resin. Four types of impression materials 

were used: polysulfide, polyether, addition silicone and condensation silicone. The 

splinted technique showed better accuracy (Assunção et al., 2004).

 Kim et al. investigated the accuracy of the implant impression over multiple 

laboratory procedures and found that the non-splinted technique was more accurate 

during the impression-making procedure, while the splinted technique was more accurate 

during the cast fabrication procedure (Kim et al., 2006).

 In a 2008 study, Assunção et al. compared three different impression techniques 

for two external connection implants with two different inclinations: one perpendicular to 

the surface and the other with 65 degrees of inclination. Polyether impression materials 

were used for three impression techniques: square impression copings splinted with 

acrylic resin, square copings splinted with prefabricated autopolymerizing acrylic bar and 

non-splinted square copings previously air-abraded with aluminum oxide. Results 

showed that the non splinted group  produced casts that were less accurate than the 

splinted groups (Assunção et al., 2008).

 Cabral et al. investigated 4 impression techniques to determine their dimensional 

accuracy  in comparison with a standard technique: a transfer impression technique with 
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tapered transfer copings, a pickup impression technique with un-splinted squared 

copings, a pickup impression technique with square transfer copings splinted with acrylic 

resin, and a pickup impression with square transfer copings with acrylic resin splints 

sectioned 17 minutes after setting and welded with the same resin. The pickup impression 

technique with square transfer copings with acrylic resin splints sectioned and welded 

after setting had better results than the other techniques studied (Cabral et al., 2007).

 Choi et al. evaluated the accuracy of 2 implant-level impression techniques: one 

pickup  non-splinted (square impression copings, custom tray) and one splinted (square 

impression copings splinted with autopolymerizing acrylic resin, custom tray) for the 

fabrication of multiunit internal-connection implant restorations in 2 simulated clinical 

settings: parallel and 8 degree divergent using a laboratory model. The accuracy of 

implant-level impressions for internal-connection implant restorations was similar for the 

pickup  non-splinted and splinted techniques in settings with divergence up to 8 degrees 

(Choi et al., 2007).

 Filho et al. compared splinting techniques for impression copings of 

osseointegrated implants with different angulations. The results showed that splinting of 

pickup  impression copings is indicated for osseointegrated implant impressions. The 

square copings splinted with a prefabricated acrylic resin bar presented the best results 

among the pickup impression techniques evaluated in this study (Filho et al., 2008).

 There have been many  studies comparing the accuracy of splinted versus non-

splinted impression techniques. While some studies found no difference between the two 

techniques (Barrett  et al., 1993; Hsu et al., 1993; Herbst et al., 2000; Kim et al., 2006; 
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Choi et al., 2007; Del'Acqua et al., 2008), the majority of studies favored the splinted 

technique (Assif et  al., 1992; Assif et  al., 1996; Vigolo et al., 2003; Assunção et al., 2004; 

Naconecy et al., 2004; Vigolo et al., 2004; Cabral & Guedes, 2007; Filho et al., 2008), 

and only two studies found more accurate impressions with the non-splinted technique 

(Inturregui et al., 1993; Burawi et al., 1997). Although the result was not unanimous, 

more studies favored the accuracy of the splinted technique for implant impressions.

Splint material:

 The most common material used for the splinted technique is autopolymerizing 

acrylic resin. Minimizing the shrinkage of the acrylic resin is the most important factor to 

ensure an accurate impression using the splinted technique (Lee et al., 2008b).

 Moon et  al. studied the relative accuracy of soldering indices made with 

increasing quantities of Duralay acrylic resin and found that  the greater the mass of 

acrylic resin, the less accurate the soldering index (Moon et al., 1978).

 Mojon et  al. determined that the total polymerization shrinkage of Duralay acrylic 

resin at 24 hours was between 6.5% and 7.9% and most of the shrinkage (80%) occurred 

within 17 minutes of mixing at room temperature. The corresponding value for linear 

shrinkage was approximately 0.4% (Mojon et al., 1990).

 Spector and Humphries argued that residual stresses in the Duralay matrix may  be 

released under impression removal circumstances and could affect the accuracy of 

abutment positions in the master cast (Humphries et al., 1990; Spector et al., 1990).
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Coping modification:

 The literature shows that impression copings with different designs provided a 

different level of impression accuracy. Techniques such as roughening of the external 

surface of the coping, applying adhesive coating, and using different shapes and materials 

to fabricate copings have been used. These modifications were made to establish a more 

secure connection between the impression coping and the impression material and to 

decrease the amount of movement of the coping within the impression material as it is 

removed from the mouth and used to fabricate the master cast. 

 One of the first studies that introduced coping modifications to increase 

impression accuracy was in 1993 and the coping was extended or treated with airborne-

particle abrasion and impression adhesive (Liou et al., 1993). Liou found this coping 

modification resulted in greater accuracy, as did Vigolo et al. in a 2003 study (Vigolo et 

al., 2003). However, the same surface treatment did not increase impression accuracy in 

Vigolo’s 2004 study (Vigolo et al., 2004).

 Carr et  al. compared the accuracy of casts produced using the MICS (metallic 

impression coping system) transfer process with casts produced from sectioned 

frameworks, using a low-polymerization-shrinkage acrylic resin polymer to rigidly join 

the sections in each technique. The metallic impression copings (MICS) have extensions 

that allow contact between the copings for rigid fixation with acrylic resin before 

impression making. Using stainless steel measurement spheres as a reference point on 

each implant analog, the distances between analogs on the experimental casts were 

compared with the distances measured on the master cast. The results revealed that the 
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rigid transfer technique as provided in the MICS transfer was more accurate than the 

verification technique (Carr et al., 1996). 

 Vigolo et al. evaluated the accuracy  of master casts fabricated by using copings 

modified by sandblasting and coating their roughened surfaces with impression adhesive 

before final impression procedures and gold machined UCLA abutments as impression 

copings in final impression procedures for single-tooth implant replacement cases. 

Results showed that the rotational position changes of the hexagon on implant replicas 

were significantly less variable in the master casts obtained using gold machined UCLA 

abutments as impression copings than in the master casts achieved with the roughened 

square impression copings. This study concluded that using gold machined UCLA 

abutments as impression copings in the final impression procedures can enable the 

clinician to achieve a more accurate orientation of the implant replicas in the laboratory 

master casts for single-tooth implant replacement cases (Vigolo et al., 2005).

 Some implant manufacturers have developed a snap-fit plastic impression coping. 

This technique is neither pickup technique, because it uses a closed rather than open tray, 

nor is it a transfer technique, because the plastic impression copings are picked up in the 

impression. When compared with the accuracy of traditional pickup and transfer 

impression techniques, there is no consensus on which of the three is most accurate (Lee 

et al., 2008b).

 Walker et al. investigated implant impression accuracy as a function of impression 

technique and impression material viscosity combinations. They used screw-on metal 

copings at the implant  level versus plastic impression caps at the abutment level. Results 
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showed that the viscosity of the impression material did not affect accuracy; however, the 

metal copings technique yielded more accurate casts than the plastic caps technique. The 

decreased accuracy  was hypothesized to be a result  of the impression cap being made of 

plastic, which is a viscoelastic material prone to distortion or deformation with loading 

(Walker et al., 2008).

 Lee et al. found that adding a 4-mm piece of the impression coping as an 

extension on the original impression coping compensated for the inaccuracy  of 

subgingival placement of the implant (Lee et al., 2008a).

 Because studies have shown no impression transfer technique to be without error, 

researchers have attempted to control the fit of prosthetic frameworks by  innovative 

coping modifications that would increase implant impression accuracy. These previous 

modifications may  lead manufacturers to develop new impression coping designs to 

enhance the accuracy of the impression.

Angulation of dental implants:

 The use of angulated abutments in implant dentistry  has become increasingly 

popular as patient  and clinician expectations grow. The anatomy of the jaws and the 

morphology  of the residual ridges determine the orientation and angulation in which the 

implants must be placed. Similarly, the position and contours of the teeth are determined 

by esthetic and functional considerations. In the majority of cases, there is a difference 

between the long axis of the implant and the long axis of the planned tooth replacement. 

The UCLA-abutment was designed to be fabricated in the laboratory to improve the 

esthetics of implants using the anti-rotational external hex (Lewis et al., 1988). 
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 Since then, implant manufacturers have developed abutments ranging from 0 to 

60 degrees with multiple possible orientations to direct the alignment of the abutment. 

These abutments have two superimposed offset-internal hexes providing 12 positions in 

which the abutment can be attached to the external hex of the implant. This offers a 

partial solution to the problem of rotational orientation of the angled abutment (Eger et 

al., 2000). At this time, most implant companies offer at least one pre-machined angled 

abutment and have the facility for fabricating custom abutments in a castable metal. 

CAD-CAM technology, such as the Procera-process (Nobel Biocare, Goteborg, Sweden), 

has been introduced to enable titanium abutments to be milled to specific requirements 

(Sethi et al., 2002).

 While unfavorable angulation can be corrected prosthetically, the lack of 

parallelism in implants creates an undesirable path of withdrawal that may distort the 

impression material upon removal and produce an inaccurate master cast. When multiple 

implants are placed at different angles, the distortion of the impression material upon tray 

removal may increase. Jorgensen showed that a 60% deformation was induced in 

elastomeric impression materials when recovering from structures having undercuts 1.0 

millimeter in height and depth (Jorgensen, 1976). This effect may be magnified by an 

increasing number of implants. Two studies reported less accurate impressions with 

angulated implants than with straight implants using an experimental cast with 4 or 5 

implants (Carr, 1991; Assunção et al., 2004). Two other studies that used 2 or 3 implants 

reported no angulation effect on the accuracy of impressions (Choi et al., 2007; Conrad et 

al., 2007).
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 In a 1992 study, Carr et  al. evaluated the accuracy of casts fabricated from 

impressions using two different transfer copings in a 15-degree divergent two implant 

mandibular model. One implant was parallel to the adjacent natural first premolar and 11 

mm from the second implant, which exhibited a 15-degree lingual inclination. The 

authors investigated the accuracy of the transfer versus. pickup technique using polyether 

impression material. The results showed that the pickup technique had comparable or 

better results than the transfer technique. Also, a less than 15-degree divergence between 

implants in the same quadrant did not seem to play a great role in impression accuracy for 

implants in close proximity (Carr et al., 1992).

 In 2004, Assunção et al. evaluated the effect of various implant angulations on the 

accuracy  of implant impressions using the following techniques: transfer technique with 

conical copings in closed trays, pickup technique with square copings in open tray and 

square copings splinted with autopolymerizing resin. Four types of impression materials 

were used: polysulfide, polyether, addition silicone and condensation silicone. The 

angulations were 90, 80, 75 and 65 degrees in relation to the horizontal matrix surface. 

The most accurate results were obtained for the implants situated at 90 degrees and the 

worst results were obtained for the implants at  65 degrees to the horizontal. This study 

found the accuracy of implant impressions decreases with the angulation of implants 

(Assunção et al., 2004).

 Conrad et al. measured the accuracy of implant casts when implants that had 5, 10 

or 15 degrees of convergence or divergence from each other. The magnitude of distortion 
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was similar for all combinations of impression technique, implant angulation, and 

implant number (Conrad et al., 2007).

 In a 2008 study, Assunção et al. compared three different impression techniques 

for two external connection implants with two different inclinations: one perpendicular to 

the surface and the other with 65 degrees of inclination. Polyether impression materials 

were used for the three impression techniques: square impression copings splinted with 

acrylic resin, square copings splinted with prefabricated autopolymerizing acrylic bar and 

non splinted square copings previously air-abraded with aluminum oxide. The non-

angulated implants produced more accurate casts than the angulated implants (Assunção 

et al., 2008).

 Filho et al. compared splinting techniques for impression copings of 

osseointegrated implants with different angulations. Two implants at 90 degrees and 65 

degrees in relation to the horizontal surface were used. There were significant differences 

between inclined and straight implants in all the groups, except when the implants were 

splinted with a prefabricated acrylic resin bar (Filho et al., 2008).

 From 1992 to present, several studies have focused on the effect of implant 

angulation on impression accuracy. Implant angulations from 10 to 90 degrees of 

convergence and divergence have been tested. Three studies agreed that increasing 

divergence or convergence of implants would have detrimental effects on impression 

accuracy  (Assunção et al., 2004; Assunção et al., 2008; Filho et al., 2008). Two studies 

found no differences between impression accuracy of different implant angulations (Carr, 

1992; Conrad et al., 2007). However, the above studies presented very diverse 
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combinations of implant angulations and different materials and methods, which makes it 

somewhat difficult to compare them. To determine the relation between the angulation 

effect and the numbers of the implant, more studies are required.

Internal vs. external connection of dental implants:

 The dental implant  marketplace has expanded substantially  in the past decades, 

bringing innovation to the industry and increasing the number of available treatment 

options. One aspect of this innovation relates specifically to the abutment connection 

(Taylor & Agar, 2002).

 Several types of abutment connections have been developed: the external 

hexagon, the internal hexagon and the taper joint. The external hexagon design was first 

introduced to dental implants by Brånemark (Brånemark et  al., 1985). The original 

purpose of this 0.7-mm extension was to provide a rotational torque-transferring 

mechanism that secured the implant during the surgical placement into the bone at  the 

implant receptor site (Binon, 2000). Early  competition to the external hexagon interface 

of the Brånemark implant included the Core-Vent implant and the IMZ implant systems. 

Other early implants included the 1-piece Straumann Type F and Swiss Screw implants 

(Institute Straumann AG). In an attempt to improve the predictability  and success of 

implant/abutment connections, internal connections between implants and abutments 

were developed. These internal connections differ significantly from external connections 

in terms of size, surface area, and geometry. Astra, Straumann, Core-Vent, and others 

introduced internally connected 2-stage implants designed to reduce abutment screw 

loosening and fracture (Taylor & Agar, 2002). 
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 An internal octagon was developed to act as a stabilizer for the screw joint within 

the Calcitek implant (Calcitek, Carlsbad, CA) while the Spectra-System implant, 

formerly known as CoreVent (Dentsply, Int./CoreVent Div., Encino, CA), had initially 

incorporated an internal hexagon type of connection followed by Morse taper connection 

(Dixon et al., 1995).

 Each mode of connection has its advantages and disadvantages:

1. Advantages of the external hexagon system include: suitability  for a two stage 

method, an anti-rotation mechanism, retrievability, and compatibility among 

different systems. Possible disadvantages of the external hexagon are: micro-

movements due to the size of the hexagon, higher center of rotation that leads to 

lower resistance for rotational and lateral movements, and a micro gap leading to 

bone resorption. However, the weak-link to the fixture of the external hex 

configuration is often referred as a fail-self mechanism for over-loading situations 

(Maeda et al., 2006).

2. Advantages of the internal connection system include: ease in abutment 

connection, suitability for one stage implant installation, higher stability  and anti-

rotation because of a wider area of connection, suitability  for single tooth 

restorations, higher resistance to lateral loads because of the lower centre of 

rotation, and better force distribution. Its disadvantages include: thinner lateral 

fixture wall at the connecting part, and difficulty in adjusting divergences in 

angles between fixtures (Maeda et al., 2006).
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3. Advantages of the taper joint connections with a conical seal, or Morse’s taper, 

include: better sealing potential, and reduced micro-gap compared to internal 

hexagon connections (Maeda et al., 2006).

 Vigolo et al. used a connection system that had a 4-mm–deep internal engagement 

with thick coronal walls and used a system of engagement that confirms proper seating of 

different components. This stress may hypothetically induce permanent deformation of 

impression material or movement of the impression copings inside the impression 

material. From this study it could be hypothesized that a higher level of stress between 

impression material and impression copings is created when an impression with 

impression copings is removed from internal connection implants, rather than from 

external hexagon implants (Vigolo et al., 2004).      

 With multiple external hexagon implants, improved accuracy of the definitive cast 

was equally accomplished when the impression technique involved square impression 

copings luted together with autopolymerizing acrylic resin or square impression copings 

that had been airborne-particle abraded and coated with adhesive. Those results suggested 

the importance of avoiding movement of the impression copings inside the impression 

material throughout procedures associated with fabrication of the definitive cast. 

Unscrewing the guide pins from the impression copings when the tray is removed or 

screwing the matching implant replicas in the impression may cause minor movement 

and thus influence cast accuracy (Vigolo et al., 2004).

 Coping modifications have been tried in previous studies for both external and 

internal connection systems. Theoretically, airborne-particle abrasion and adhesive 
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coating of the impression copings should decrease the degree of micromovement of the 

copings inside the impression material from recovery  of the impression to fabrication of 

the cast and result in a definitive cast that closely replicates the clinical situation. This 

was shown in Vigolo et al.’s two previous studies, which were related to impression 

procedures for regular external hexagon implants (Vigolo et al., 2000, 2003).

 For impression procedures for multiple internal connection implants, only  the 

strength of the acrylic resin bond decreased the influence of polymerization shrinkage of 

impression material and prevented movement of the impression copings inside the 

impression material itself (Vigolo et al., 2004).

 These results are in agreement with previous research (Humphries et al., 1990; 

Assif et al., 1996; Assif et al., 1999) and conflict with findings of other studies (Inturregui 

et al., 1993; Burawi et al., 1997). 

 Although mechanical, clinical and microbiological advantages and disadvantages 

have been identified for both external and internal connection systems, the actual 

mechanical implications in impression making have not yet been studied.

Impression materials:

 Although the impression procedure is an important  element of impression 

accuracy, the impression material itself is another factor related to final cast accuracy. 

Some of the most important properties of implant impression materials should include: 

accuracy  in clinical use, adequate strength so it will not break or tear upon removal from 

the mouth, elastic properties with freedom from permanent deformation after strain, and 

dimensional stability to permit the production of casts. Hardness is of great importance in 

27



the comparison of impression materials for implant dentistry. Hardness is a measure of 

the resistance to plastic deformation and it is measured as a force per unit area of 

indentation. Hardness of impression materials is measured using the Shore A hardness 

test. Impression materials that present with a high Shore A hardness number are better 

suited for implant impressions due to increased rigidity which will decrease the amount 

of coping movement (Craig et al., 2002).

 The properties of an impression material can influence the accuracy of the implant 

impression, the accuracy  of the solid implant cast, and ultimately, the accuracy of the 

implant framework. Choosing an impression material for an implant–retained prosthesis 

requires consideration of several factors, including material accuracy, clinician’s 

experience with material, length of time before the impression needs to be poured, and 

the amount of intraoral undercuts. 

 Barrett et al. tested the concept of using a high consistency impression material 

with a low consistency wash. The authors compared the following impression materials: 

irreversible hydrocolloid, impression plaster, polyether, and light and heavy viscosity 

vinyl polysiloxane. No significant differences were found among any of the materials 

(Barrett et al., 1993).

 Wee et al. stated that when using the pickup implant impression technique, the 

impression material must fulfill two requirements: rigidity to hold the impression coping 

and prevent it’s accidental displacement when an abutment is connected, and minimal 

positional distortion between abutment replicas as compared with their intraoral implant 

abutments. Torque was measured using a Compudriver device, which recorded the 
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amount of torque required to rotate the coping in the impression. The authors used steel 

balls as reference points and measured the distances between them with a traveling 

microscope. The torque required to rotate an impression coping in the impression was 

ranked in descending order: polyether (medium), addition silicone (high), and polysulfide 

(medium). Implant casts made from polyether (medium) or addition silicone (high) were 

significantly different from casts made from polysulfide (medium). The authors 

recommend that polyether (medium) should be used for completely  edentulous multi-

implant impressions, given its greater overall rigidity (Wee, 2000).

 Walker et al. brought to clinicians’ attention the existence of a specific trend in 

marketing an impression material specific for implant impressions: Impregum Penta Soft. 

This material sets more rigidly than most heavy-body impression materials, providing 

increased resistance to flexure and distortion with coping transfer. There are, however, 

disadvantages that come with such a rigid impression material: the potential difficulty in 

removing the impression from the mouth due to high stiffness. In their study, Walker et 

al. investigated implant impression accuracy as a function of impression technique and 

impression material viscosity. They compared a closed tray  indirect technique with a 

closed tray direct technique with heavy or medium body material around the impression 

copings in conjunction with medium body  material in the impression tray. Results 

showed that accuracy was not affected by impression material viscosity  and a stiffer 

material did not produce more accurate casts (Walker et al., 2008).

 Liou et al. reported that transfer impression copings did not return to their original 

position when replaced in either polyether or addition silicones and found no significant 
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difference in implant transfer accuracy  between polyether and vinyl poly siloxane 

impression materials (Liou et al., 1993).

 Wenz et al. investigated the deviation of implant positions in both impressions and 

casts using different impression materials and techniques. They also tested the correlation 

between deviation of implant position in the impression and deviation of implant position 

in the cast. Two parallel implants were impressed using: a pickup technique in medium-

viscosity  material or a putty-tray material in combination with a light-viscosity syringe 

material; a transfer technique, and a 2-step technique with a putty-tray  material in 

combination with a light-viscosity  syringe material. According to the study, the 2-step 

vinyl poly siloxane (VPS) method involved making the first impression using putty only, 

to create space inside of the impression. Subsequently, the impression was refilled with 

light-body impression material, and then the second impression was made. The 1-step 

method used both putty  and light-body VPS simultaneously. Results indicated that the 2-

step VPS impression was significantly less accurate than the 1-step putty and light-body 

VPS combination impression, the medium-body VPS monophase impression, and the 

medium-body polyether monophase impression (Wenz et al., 2008).

 Lee et al. reported that a combination of putty and light-body VPS impression 

material was more accurate than medium-body polyether impression material when the 

implant was placed deep subgingivally (Lee et al., 2008a).

 Del’Acqua et al. compared the dimensional accuracy of a stone index and 3 

impression techniques. They used tapered impression copings, squared copings, and 

square impression copings splinted with acrylic resin associated with 3 pouring 
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techniques: conventional, pouring using latex tubes fitted onto analogs, and pouring after 

joining the analogs with acrylic resin. A mandibular brass cast with 4 stainless steel 

implant-abutment analogs, a framework, and 2 aluminum custom trays were fabricated. 

Polyether impression material was used for all impressions. They found that the most 

accurate impression technique utilized square copings. The most accurate pouring 

technique for making the impression with tapered or square copings utilized latex tubes. 

The pouring technique did not influence the accuracy  of the stone casts when using 

splinted square impression copings. According to this study, either the index technique or 

the use of square copings combined with the latex-tube pouring technique are preferred 

methods for making implant-supported fixed restorations with good dimensional 

accuracy (Del’Acqua et al., 2008).

 One relevant  issue that can be concluded from reviewing the literature is that 

different studies used different methods of distortion measurement and analysis. Nicholls 

stated that distortion can be absolute or relative, depending on the point of reference from 

which the distortion is measured (Nicholls, 1977). Barrett et al. was the only study that 

measured absolute distortion by using an external point of reference for his measurements 

(Barrett et al., 1993). However, the implant prosthesis connects all abutments together, so 

the amount of strain in the prosthesis-bone interface is related to the relative position of 

the implant abutments to one another and not to an external reference point. So, using 

relative distortion analysis provides more clinically relevant data then absolute distortion 

analysis (Wee, 2000).
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 To summarize, it appears that various impression materials and combinations of 

materials have been tested and recommended in the dental literature. Irreversible 

hydrocolloid, impression plaster, polyether, condensation and addition silicones and 

polysulfide materials have all been used in different consistencies and combinations. 

Polyether was recommended as the material of choice by  several studies (Carr, 1991; 

Assif et al., 1992; Carr, 1992; Hsu et al., 1993; Inturregui et al., 1993; Assif et  al., 1996; 

Phillips & Goto, 2002), while one study found there was no significant difference 

between polyether and vinyl polysiloxane (Liou et al., 1993). Because of a low strain in 

compression (flexibility) and favorable Shore A hardness polyether has been 

recommended as an impression material for edentulous, multiple implant-retained 

restorations. Polyether’s rigidity provides resistance to coping displacement in the 

impression; however its rigidity can increase difficulty in removing the impression from 

the mouths of partially  edentulous patients. Addition silicones have a more favorable 

modulus of elasticity, which allows for easier removal of impression (Chai et al., 1998).

 Addition silicones were taught as the preferred fixed prosthodontic material in US 

dental schools (Petropoulos et al., 1998) and recommended for implant impressions by 

certain studies (Humphries et al., 1990; Barrett et al., 1993). Polysulfide was the 

preferred material for removable prosthodontic material in US dental schools (Arbree et 

al., 1996).
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Other factors affecting impression accuracy:

Machining tolerance:

 In most clinical situations, an implant impression is made using an impression 

coping that is connected to the head of the implant. After removing the impression from 

the mouth, another connection between the impression coping and an implant analog is 

required to fabricate a definitive cast. Since the mating between two metal components 

may occur with various spatial relations at the micrometer level, the implant impression 

may have an inherent discrepancy. 

 Ma et al. defined it as “machining tolerance” and reported the measured 

tolerances ranged from 22 µm to 100 µm (Ma et al., 1997). Kim et al. reported 31.3 µm 

and 30.4 µm as the tolerances for non-splinted and splinted open tray  impression 

techniques, respectively (Kim et al., 2006). Most previous studies measured linear 

discrepancy between the definitive cast and experimental model at the connection level. 

Although the machining tolerance was not measured separately in these studies, it is 

believed that a significant amount of the discrepancy might have originated from the 

machining tolerance (Rubenstein & Ma, 1999; Kim et al., 2006; Lee et al., 2008a). When 

the results of the studies investigating the implant impression accuracy are interpreted, 

the machining tolerance should be considered as one of the factors affecting accuracy 

(Lee et al., 2008a).

 Phillips et al. compared the accuracy of three implant impression techniques using 

tapered copings, square copings alone and square copings with acrylic resin splint. 

Distortion values were compared to the known machining tolerances for these copings. 
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The distortion of the non-splinted square copings was the only one that showed no 

significant difference when compared to the measured machining tolerance (Phillips et 

al., 1994).

Passive fit:

 Concern that restorations supported by  endosseous dental implants may play an 

important role in the long term stability and success of those implants has led researchers 

to explore methods to ensure accurate, passive adaptation of restorations to their 

supporting implants. Increased accuracy in the impression and transfer of implant 

position in the dental arch to the working cast has been the topic of many contributions to 

the literature (Taylor & Agar, 2002).

 Many authors have investigated various methods of increasing accuracy (or 

decreasing error) in casting and prosthesis fabrication techniques, including computer-

aided design–computer-aided manufacturer technology  (Riedy  et al., 1997; Rubenstein & 

Ma, 1999). Waskewicz et al. stated that as a result of the impossibility of a 100% passive 

fit, it  is recommended that the prosthesis be sectioned and soldered (Waskewicz et al., 

1994).

 Progress has been made in reducing replication and fabrication errors associated 

with implant-supported prostheses. As implant-supported restorations have proven to be 

successful over time, the question arises as to whether an "absolute" passive fit is a 

prerequisite for successful implant restorations (Karl et al., 2008).

 Assif et al. defined four situations that can occur when the dentist assesses the fit 

of a framework on implants as follows:
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1. The dentist perceives that  the framework does not fit. Differences in the range of 

30um can be detected.

2. The dentist might not be able to detect that the framework does not  fit. This can 

cause screw binding, damage to the internal threads of the abutment, fracture of 

components or delayed loss of integration.

3. The framework may be considered acceptable yet  the patient notices some 

pressure when the framework screws are tightened. This could mean that the 

framework accuracy is in the 15-30um range, as implant patients have an occlusal 

perception of 15 um or less.

4. The framework may  be judged to be acceptable and be perfectly comfortable for 

the patient. The tolerable total discrepancy of a framework is not known. It is 

more important to have a small discrepancy of less than 10um at each abutment 

(Assif et al., 1992).

Depth of implant placement:

 The previously referenced studies have generally used experimental designs in 

which all of the implants were placed at the same apico-coronal level. In some clinical 

instances, however, there is a need to place the implant more subgingivally due to bone 

availability and/or esthetic considerations. As a result, more of the impression coping is 

placed below the gingival margin. Consequently, there is a decrease in the portion of the 

coping which is exposed supragingivally. This reduction in the surface of the impression 

coping that can be effectively impressed may lessen the stability  of the impression coping 

in the impression material, and, therefore affect the accuracy of the impression.
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 Lee et  al. investigated the effect of subgingival depth of implant placement on the 

accuracy  of the implant impression. The authors used five parallel implants and two types 

of impression materials: polyether and vinyl poly siloxane (VPS). One implant was 

placed 2 mm and one 4 mm below the top surface of the model. There was no effect of 

implant depth on the dimensional accuracy of putty and light-body combination VPS 

impressions, either vertically  or horizontally. For medium-body  polyether impressions, 

the deeper implants exhibited a significantly less accurate impression horizontally. 

However, using an extension of the impression coping may compensate for this implant 

depth effect. The results of this study  show that the deeper an implant is placed 

subgingivally, less area of the impression coping will be covered by  impression material 

and the impression will be less accurate (Lee et al., 2008a). 

NobelActive Implant:

 The NobelActive implant system is a relatively new system from Nobel Biocare. 

The company reports that the system allows for greater initial stability  and immediate 

loading of more cases than with traditional tapered implants, and has built-in platform 

shifting which removes the micro-gap from the edges of the implant head and promotes 

stability  and maintenance of crestal bone levels. In addition, Nobel Biocare has made the 

following statements about the NobelActive system on their website (http://

www.nobelbiocare.com/en/products-solutions/implant-systems/nobelactive/features-

benefits/default.aspx):

• NobelActive is a unique, next-generation bone-level dental implant. It offers 

dental professionals significant benefits:
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o Exceptional initial stability and optimal restorative orientation.

o Implant design that enhances osseointegration.

o Hard and soft tissue preservation.

o An ideal implant for the esthetic zone.

Studies have been conducted to evaluate these manufacture claims.

Irinakis, et al. placed 107 NobelActive implants in 67 patients with types 1-IV 

within 8 months and used the preliminary results to assess the manufacturers’ statements. 

The authors report  a short-term success rate of 98.2%. From this early study, the authors 

were able to make the following conclusions:

• NobelActive indeed seems to exhibit the properties that the manufacturer claims.

• The authors found a particular advantage using these implants in fresh extraction 

sockets of non-molar teeth with resulting very high initial stability.

• This implant system seems to be advantageous in thin ridges, thus minimizing the 

amount of bone grafting needed or eliminating it  all together in some cases. There 

are, of course, limits where if the bone width is too thin the cortical bone will 

slough, and grafting before or during implant placement is still required.

• There was a consistent high initial torque in all qualities of bone, which could 

potentially allow a higher number of cases to proceed with immediate loading.

• The platform-shifting concept was advantageous in the esthetic zone, but in the 

molar zone it seemed to be counterproductive in terms of favorable molar 

emergence profile. A wider head of the implant is desired for molars, so early on 
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in the study, the use of this implant became mostly limited to anterior and 

bicuspid teeth.

• The high primary  stability  was useful when placing this implant simultaneously 

during sinus lifts (with lateral window technique), but  it presented an elevated risk 

of bone stress/fracture.

• The authors found the NobelActive implants a useful adjunct to improve and 

expand treatment options for patients, but it does not  replace the need for the 

traditionally  shaped tapered and straight-walled implant systems (Irinakis et al., 

2009a).

In a separate study, Irinakis et al. over a 13-month period placed 140 NobelActive 

implants in 84 consecutive patients into types I-IV bone in fresh sockets and into grafted 

bone, to determine the torque resistance of this new implant. The average torque levels of 

the NobelActive implants were consistently higher than those of typical straight walled 

and tapered implants. These results suggest that they  may be more favorably suited to 

early provisionalization and loading, but the authors caution that more studies are needed 

to investigate this claim, as well as investigate the maintenance of bone levels 

surrounding these implants (Irinakis et al., 2009b).

The effect of the NobelActive implant system on soft tissue and bone level 

maintenance was studied by Kielbassa et  al. In his prospective, randomized, controlled, 

multicenter study, changes in bone level and soft tissue behavior between the 

NobelActive and the NobelReplace Tapered Groovy (standard tapered implant) with 

regard to immediate function were evaluated. A total of 177 patients were randomly 
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allocated into 3 treatment groups (2 different test implant groups: NA Internal [n=117; 

internal connection] and External [n=82], and 1 standard treatment group, NR [n=126]) 

and received 325 implants. Clinical and radiographic evaluations of treatment success, 

crestal bone levels, and soft tissue changes were performed at the time of placement, and 

after 3, 6 and 12 months. One-year cumulative survival rates were comparable and stable 

soft tissues and significantly increased papilla scores were observed among all three 

groups (Kielbassa et al., 2009).

While studies have substantiated many of Nobel Biocare’s surgical claims, there 

is no literature to date that  examines how its unique connection type may affect its 

prosthetic handling with regard to impression making, abutment connection, and 

radiographic evaluation of prosthetic components.

Summary of the pertinent literature for this study:

 Many studies have examined the effects of various factors on the accuracy of 

implant impressions, including different impression trays, different impression materials, 

implant angulation, implant depth, and coping modifications.

 In the dental literature, several studies have focused on the effect of implant 

angulation on impression accuracy. Implant angulations from 10 to 90 degrees of 

convergence and divergence have been tested. Some have suggested that increasing 

divergence or convergence of implants will have detrimental effects on impression 

accuracy. Others found no differences between impression accuracy and different implant 

angulations. These studies presented very  diverse combinations of implant  angulations 
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and different materials and methods which makes it difficult to compare between them. 

(Irinakis et al., 2009a).
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PURPOSE:

 The purpose of this study  was to measure the accuracy of implant impression 

techniques in vitro, using closed and open tray impression techniques, for NobelActive 

implants placed at various angulations.
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HYPOTHESES:

Null Hypotheses:

There is no significant difference in impression accuracy  whether a closed tray  or 

an open tray impression technique is used.

There is no significant difference in impression accuracy whether implants have 

0, 15 or 30 degrees of angulation to a line perpendicular to the cast.

There is no significant interaction between the impression technique (open vs. 

closed tray) and implant angulation (0, 15, 30 degrees).

Specific Research Hypotheses:

The open tray impression technique will produce more accurate impressions than 

the closed tray impression technique.

Implants with 0 degrees of angulation will more accurately be impressed than 

implants with 15 or 30 degrees of angulation; implants with 15 degrees of 

angulation will be more accurately impressed than implants with 30 degrees of 

angulation.

There is a significant interaction between impression techniques (open vs. closed 

tray) and degrees of implant angulation (0, 15 or 30). 
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MATERIALS AND METHODS:

Master cast fabrication:

 A prefabricated rubber model former (S6OU-1, Columbia Dentoform 

Corporation, New York) was used to fabricate the master cast. The model former was 

lubricated with Vaseline (Equate Nursery  Jelly, Wal-Mart Stores, Inc) and molten 

baseplate wax (TruWax, DENTSPLY Prosthetics, York, PA) was flowed into the model 

former and allowed to set. The wax model was invested and flasked, boiled out, and 

packed with heat polymerized acrylic resin (Lucitone 199 Original shade, DENTSPLY 

Prosthetics, York, PA). The master cast  contained 6 implants (NobelActive, regular 

platform [RP, 4.3 mm x 13 mm]; Nobel Biocare USA, Yorba Linda, CA) arranged as 

follows from posterior to anterior: 0 degrees of angulation to a line drawn perpendicular 

to the occlusal plane in the area of #3 and #14, 15 degrees of angulation to a line drawn 

perpendicular to the occlusal plane in the area of #5 and #12 and 30 degrees of angulation 

to a line drawn perpendicular to the occlusal plane in the area of #7 and #10. The 

implants were numbered as follows: implant 1 in site #3, implant 2 in site #5, implant 3 

in site #7, implant 4 in site #10, implant 5 in site #12, and implant 6 in site #14 (Figures 1 

and 2). 
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Figure 1: Implant angulation in master cast

Figure 2: Implant numbering in master cast
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Four indices were placed in the master cast. Each index was cross-shaped and it was 

made by intersecting two 2 mm deep  and 4 mm long grooves. A 2 mm bur (Ferraro 

Engineering, Hereford, AZ) was used to prepare the grooves. The indices were located as 

follows:

1. One index in the mid-palatal area of the master cast. (Figure 3)

Figure 3: Mid-palatal index
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2. One index on the right buccal incline of the cast, half way between implants 1 and 

2 (Figure 4).

Figure 4: Right buccal index
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3. One index on the labial incline of the cast, half way between implants 3 and 4 

(Figure 5).

Figure 5: Labial index
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4. One index on the left buccal incline of the cast, half way between implants 5 and 

6 (Figure 6).

Figure 6: Left buccal index 

 The master cast was held in a vertical milling machine (Ferraro Engineering, 

Hereford, AZ), and holes matching the depth, diameter and angulation of the implants 

were prepared (Figure 7). 
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Figure 7: Cast held in vertical milling machine

A protractor was used to align the cutting bur in the proper angulation by tilting the 

milling machine table and a 4 mm twist drill (Ferraro Engineering, Hereford, AZ) was 

used to prepare the holes (4x13 mm). The six implants were placed in the master cast at 

50 RPMs (Motor unit Nobel Biocare USA, Yorba Linda, CA).        

Custom tray fabrication:

 Three 4x4 mm notches were placed in the land area of the master model to help 

orient the custom trays during the impression making procedure (Figures 8 and 9). 
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Figure 8: Three notches in land area to help orient custom tray

Figure 9: Custom tray fully seated and engaging notches in land area
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Two thicknesses of base plate wax (Tru Wax, DENTSPLY Prosthetics, York, PA) were 

adapted over the master model. A 10 mm high, 15 mm wide roll of baseplate wax was 

adapted over the ridge area of the master cast. An alginate impression (Jeltrate Fast Set, 

Dentsply Int’l, York, PA) was made of the master model with adapted wax and poured in 

Type V dental stone (DieKeen, Heraeus Kulzer Inc., Armonk, NY). A mechanical 

vacuum mixer (Vacuum Power Mixer Plus Single Speed, Whip  Mix Corporation, 

Louisville, Kentucky) was used at 425 RPM and the stone was mixed for 30 seconds, as 

recommended by the manufacturer. The stone was poured on a vibrator (Whip Mix 

Corporation, Louisville, KY) to minimize the entrapment of air bubbles, and was allowed 

to set for 45 minutes. The resulting cast was used to fabricate the custom trays.

 Twenty-four custom trays were made: 12 for open tray  and 12 for closed tray 

impressions. The trays were made from a visible light-polymerizing material (Triad 

TruTray; Dentsply Int’l, York, PA). The material was adapted to the prepared cast and 

polymerized (Triad 2000 Visible Light Curing Unit; Dentsply Int’l, York, PA) for a total 

of 6 minutes. The custom open tray was prepared with three 10x5 mm windows to 

accommodate the open tray impression copings. Vent holes were drilled in each of the 24 

custom trays for retention of the impression material (Figures 10 and 11).
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Figure 10: Custom open tray with windows and vent holes

Figure 11: Closed custom tray with vent holes
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 Open and closed tray impression copings (NobelActive, RP, Nobel Biocare and 

Brånemark System, Yorba Linda, CA) were used to impress the implants. The impression 

copings were seated on the implants in the master cast and were hand tightened using a 

unigrip  driver (Nobel Biocare, Yorba Linda, CA). The open tray copings were splinted 

with dental floss (Johnson and Johnson Reach Waxed Personal Products, Shillman, NJ) 

and GC pattern resin (GC America, Alsip, IL). The pattern resin splint was sectioned and 

the individual pieces were luted together 15 minutes prior to impression making (Figures 

12 and 13). 
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Figure 12: Splinted and sectioned open tray impression copings

Figure 13: Splinted open tray impression copings luted together
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Impression making:     	  	  	  

 The custom trays were painted with adhesive (PE, Impregum Penta Soft, 3M  

ESPE, St. Paul, MN) using disposable plastic brushes (Bendabrush, Centrix, Shelton, CT) 

and allowed to dry for 15 minutes. The custom trays were loaded with polyether 

impression material (PE, Impregum Penta Soft, 3M ESPE, St. Paul, MN). The custom 

trays were seated on the master cast, making sure each tray  engaged the three grooves 

placed in the master cast. Immediately after placing the loaded tray  over the cube, any 

excess impression material was wiped off to verify  the complete seating of each tray into 

the three grooves. The impression material was allowed to set for 7 minutes, as 

recommended by  the manufacturer. Any remaining excess impression material was 

trimmed with a sharp number 11 scalpel blade (Micro-Mark, Berkeley Heights, NJ).

 Open tray impression copings were loosened with a driver and removed, and the 

tray  was separated from the master cast while the impression copings remained locked in 

the impression (Figure 14). 
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Figure 14: Open tray impression with impression copings locked in place 
after removal from master cast

The guide pins were placed back into the open tray impression copings from the top, an 

implant analog was connected to the implant connection, and the guide pins were hand 

tightened.

 Closed tray  impression copings were kept on the master cast  after the impression 

was removed (Figure 15). 
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Figure 15: Closed tray impression without impression copings after removal 
from master cast (impression copings remained on master cast)

The impression copings were removed one at a time from the master cast and attached to 

an implant  analog. The combined impression coping-analog unit was inserted into the 

impression by firmly pushing it into place.

 Impressions were inspected and repeated if any inaccuracies were found. 

Surfactant (Smoothex Debubblizing Solution, Whip Mix Corporation, Louisville, 

Kentucky) was sprayed on each impression before pouring. Impressions were poured in 

high strength low expansion die stone (Silky-Rock, Whip Mix Corporation, Louisville, 

Kentucky). The stone was vacuum mixed in a mechanical vacuum mixer (Vacuum Power 

Mixer Plus Single Speed, Whip Mix Corporation, Louisville, Kentucky) with water 

according to manufacturer recommendation (16 ml water was used with each 70 gm of 
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powder). The stone was poured on a vibrator (Whip Mix Corporation, Louisville, 

Kentucky). Casts were separated from the impressions after allowing the stone to set for 1 

hour, followed by trimming and labeling to prepare for measurements. All procedures 

were completed by the same operator.

 Measurement protocol:  

 All casts were photographed using standardized photography. The equipment 

included a digital camera (Canon EOS T2i, Digital AF/AE SLR, Canon, USA) with a 100 

mm macro lens (EF 100 mm f2.8 Marco USM, Canon, USA) and ring flash (Macro Ring 

Lite MR-14EX, Canon, USA), and a camera holder (Majestic 6504 Professional Quicklift 

Tripod). The photographs were made with a constant focal distance (3 feet) and under the 

same standard light source. One at a time, the master model and the twenty-four duplicate 

casts were photographed. In each view, a 1 mm marker was visible to aid in making 

measurements. Putty matrices (Extrude XP Putty, Pearson Dental, Sylmar, CA) and a 

Type III dental stone base (Keystone Pro, Fort Washington, PA) were used to orient each 

cast in the exact same position for photographing as follows:

1. A putty matrix was made to intimately engage the master cast  and the three 

notches on the land area. The areas of the implants and indices were relieved so 

there was no contact with the putty (Figure 16). 
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Figure 16: Putty matrix engaging master cast

2. A stone base was made with notches that intimately engaged two notches on the 

seating surface of the putty  matrix. There was 0.5 mm of space between the base 

of each cast and the surface of the stone base when all three pieces were 

assembled. Cyanoacrylate (Instant Krazy Glue, Elmer’s Products Inc., Columbus, 

OH) was used to secure each cast to the stone base (Figures 17, 18 and 19).
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Figure 17: Stone base with extensions that intimately engage notches on 
seating surface of putty matrix
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Figure 18: Putty matrix-cast-stone base assembly

Figure 19: Cyanoacrylate used to secure each cast to the stone base
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3. A second putty  matrix was made to hold the cast-stone base assembly in the same 

position for the frontal and lateral photographs (Figure 20).

Figure 20: Putty matrix used to stabilize the cast-stone base assembly for 
frontal and lateral photographs

The images were transferred to a personal computer (MacBook Pro, Apple Inc) and saved 

in Joint Photographic Experts Group (JPEG) format.   

 Each photograph was analyzed and measured using Adobe Photoshop CS4 

(Adobe, San Jose, CA). The millimeter marker was used to convert pixels to micrometers 

in each photo. The following photographs and measurements were made:

1. An occlusal view was taken to measure the horizontal discrepancy in micrometers 

(Figure 21). The center of each implant and implant analog was determined by the 
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intersection of three lines of equal length. The center of each palatal index was 

determined by the intersection of the two diagonal lines of the square formed in 

the central part of the index. The distance between the center of each implant and 

the center of each palatal index was recorded. The measurements obtained from 

each duplicate cast were subtracted from the measurements obtained from the 

master cast. The absolute value in micrometers was recorded. 

Figure 21: Occlusal view measurement

2. Two lateral views were taken: one of implants 1, 2 and 3, and one of implants 4, 

5, and 6 (Figure 22). The images were used to measure:

a. The vertical discrepancy in micrometers. Guide pins were placed to aid in 

making measurements. The distance between the top of a line drawn parallel 
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to each guide pin and a line drawn parallel to the top  of each lateral index was 

measured. The measurements obtained from each duplicate cast were 

subtracted from the measurements obtained from the master cast. The absolute 

value in micrometers was recorded.

b. The vertical discrepancy in degrees. Guide pins were placed to aid in making 

the measurements. The angle between a line drawn parallel to each guide pin 

and a line drawn parallel to the top  of each lateral index was measured. The 

measurements obtained from each duplicate cast were subtracted from the 

measurements obtained from the master cast. The absolute value in degrees 

was recorded.

Figure 22: Lateral view measurements

64



3. Two frontal views were taken: one of implants 1, 3, 4, and 6, and one of implants 

2 and 5 (Figure 23). The images were used to measure:

a. The vertical discrepancy in micrometers. Guide pins were placed to aid in 

making measurements. The distance between the top of a line drawn parallel 

to each guide pin and a line drawn parallel to the top of each frontal index was 

measured. The measurements obtained from each duplicate cast were 

subtracted from the measurements obtained from the master cast. The absolute 

value in micrometers was recorded.

b. The vertical discrepancy in degrees. Guide pins were placed to aid in making 

the measurements. The angle between a line drawn parallel to each guide pin 

and a line drawn parallel to the top  of each frontal index was measured. The 

measurements obtained from each duplicate cast were subtracted from the 

measurements obtained from the master cast. The absolute value in degrees 

was recorded.
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Figure 23: Frontal view measurements

 The measurements from each cast was recorded in a spreadsheet (Excel, 

Microsoft Office 2008, Sacramento, CA). All photographs and measurements were made 

by the same investigator to ensure consistency throughout the procedure. 

Statistical analysis:

 In a similar study, Kempler evaluated the effect of implant angulation, impression 

technique, and implant connection type on impression accuracy (Kempler, 2011). She 

only found significant results for the effect of implant angulation. For Kempler’s other 

independent variables, some results were significant, but some were not. Therefore 

angulation was used for the power analysis. For tray  type, using two-way ANOVA with 

an effect size of 0.02, an n of 12 in each group, a p of ≤ 0.05, and a two-tail test, power 
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was equal to 0.05. For angulation, using two-way ANOVA with an effect size of 0.43, an 

n of 12 in each group, a p value of ≤ 0.05, and a two-tail test, power was equal to 0.98. 

For the interaction between angulation and tray type, using two-way ANOVA with an 

effect size of 0.29, an n of 12 in each group, a p  value of ≤ 0.05, and a two-tail test, power 

was equal to 0.79, so an n of 12 was chosen for this study.

 A factorial analysis of variance (two-way ANOVA) and Tukey’s Honestly  

Significant Different (HSD) test was used to analyze the data. A p value ≤ 0.05 was 

considered significant. 
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RESULTS:

Differences in linear displacement:

 Statistical analysis of the data obtained in this study reveals no significant 

differences between the accuracy of closed and open tray impression techniques when 

measured in micrometers (µm). The mean difference in linear displacement in casts made 

using an open tray impression technique was 24 ± 19 µm. The mean difference in linear 

displacement in casts made using a closed tray impression technique was 23 ± 21 µm. 

The difference was not statistically significant (F = 0.93, p  = 0.34; Table 2 and Figure 

24). 

Table 2: ANOVA Table for difference in impression accuracy measured in 
micrometers (µm). 

Source df N Mean SD SE F p
Impression technique
     Open
     Closed
Implant Angulation
     0 degrees
     15 degrees
     30 degrees
Interaction
* Non-significant
** Approaching significance

1 0.93 0.34*  
216 24 19 <1
216 23 21 <1

2 2.72 0.07**
144 27 25 <2
144 22 18 <2
144 22 16 <1

2 0.25 0.77*  

** Approaching significance
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Figure 24: Difference in impression technique measured in micrometers 
(µm).

 There were no significant differences between implants placed at 0, 15 and 30 

degrees of angulation to a line drawn perpendicular to the occlusal plane when measured 

in micrometers (µm). The mean difference in linear displacement of implants placed at 0 

degrees of angulation was 27 ± 25 µm. The mean difference in linear displacement of 

implants placed at 15 degrees of angulation was 22 ± 18 µm. The mean difference in 

linear displacement of implants placed at 30 degrees of angulation was 22 ± 16 µm. None 

of the differences were statistically significant (F = 2.72, p  = 0.07; Table 2 and Figure 

25).
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Figure 25: Difference in angulation measured in micrometers (µm).

 There was no significant interaction found between impression technique or 

implant angulation when measured in micrometers (F = 0.26, p = 0.77; Table 2).

Differences in angular displacement:

 In addition, there was no significant difference between the accuracy of closed 

and open tray impression techniques when measured in degrees. The mean difference in 

angular displacement in casts made using an open tray  impression technique was 0.65 ± 

0.50 degrees. The mean difference in angular displacement in casts made using a closed 
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tray  impression technique was 0.74 ± 0.53 degrees. The difference was not statistically 

significant (F= 2.09, p = 0.15; Table 3 and Figure 26).

Table 3: ANOVA Table for difference in impression accuracy measured in 
degrees. 

Source
Impression technique
     Open
     Closed
Implant Angulation
     0 degrees
     15 degrees
     30 degrees
Interaction
* Non-significant

df N Mean SD SE F p
1 2.09 0.15*

144 0.65 0.50 0.04
144 0.74 0.55 0.05

2 0.86 0.43*
96 0.67 0.48 0.05
96 0.75 0.59 0.06
96 0.67 0.51 0.05

2 1.60 0.20*
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Figure 26: Difference in impression technique measured in degrees.

 Statistical analysis of the data obtained in this study reveals no significant 

difference between implants placed at 0, 15, and 30 degrees of angulation to a line drawn 

perpendicular to the occlusal plane when measured in degrees. The mean difference in 

angular displacement of implants placed at  0 degrees of angulation was 0.67 ± 0.48 

degrees. The mean difference in angular displacement of implants placed at  15 degrees of 

angulation was 0.75 ± 0.59 degrees. The mean difference in angular displacement of 

implants placed at 30 degrees of angulation was 0.67 ± 0.51. None of the differences 

were statistically significant (F = 0.86, p = 0.43; Table 3 and Figure 27).
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Figure 27: Difference in angulation measured in degrees.

 The data obtained in this study reveals no interaction between impression 

technique and implant angulation when measured in degrees (F = 1.60, p = 0.20; Table 

3).

Post hoc test of errors in the measurement protocol:

 Since the standard deviations of both the micrometer and degree measurements 

were so high, a post hoc study was completed to estimate the error in the measurement 

protocol. Each type of measurement (occlusal, lateral and frontal) was made a total of 10 
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times on the respective photographs of the master cast. A total of 30 measurements were 

recorded in micrometers, and a total of 20 measurements were recorded in degrees. 

 To analyze the estimate of error in the measurement technique, the means, 

standard deviations, and standard errors were calculated for each of the post hoc test 

measurements. The standard deviation of the measurements was found to be 9.2 µm, with 

a standard error of 2.9 µm. The same procedure was performed for the lateral view 

measurements. The standard deviation was 4.6 µm with a standard error of 1.5 µm and 

0.16 degrees with a standard error of 0.05 degrees. For the frontal view measurements the 

standard deviation was 6.8 µm with a standard error of 2.1 µm and 0.25 degrees with a 

standard error of 0.08 degrees (materials and methods; Table 4). 

Table 4: Post hoc test of error in measurement protocol (µm and degrees).

Measurement Mean Standard 
Deviation

SD as % of 
Mean

Standard 
Error

SE as % of 
Mean

Occlusal View 
(µm)
Lateral View 
(µm)
Lateral View 
(degrees)
Frontal View 
(µm)
Frontal View 
(degrees)

2,435 9.2 <1% 2.9 <1%

1,698 4.6 <1% 1.5 <1%

92.33 0.16 <1% 0.05 <1%

1,624 6.8 <1% 2.1 <1%

106.5 0.25 <1% 0.08 <1%
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DISCUSSION:

 An accurate cast is critical to the successful restoration of dental implants. The 

accuracy  of the cast is dependent on several different factors. The angulation of the 

implants, the impression technique, the impression material, and the distortion of the 

dental stone can all affect the accuracy  of the cast. The objective of this study was to 

determine the effect of implant impression technique (open vs. closed tray) and implant 

angulation (0, 15, and 30 degrees of angulation to a line drawn perpendicular to the 

occlusal plane) on the accuracy of impressions made of NobelActive implants in vitro. 

The differences between the master and duplicate casts were measured in micrometers 

(µm) and degrees.

 The results of this study support the null hypotheses. There was no significant 

difference in impression accuracy whether an open or closed tray impression technique 

was used (measured in micrometers or degrees), there was no significant difference in 

impression accuracy whether implants were placed at 0, 15, or 30 degrees of angulation 

to a line drawn perpendicular to the cast (when measured in micrometers or degrees), and 

there was no significant interaction between the impression technique and the implant 

angulation (when measured in micrometers or degrees). As this study only examined the 

impression accuracy  of NobelActive implants, the accuracy of different implants systems 

cannot be predicted based on these results.

 These results are in agreement with several studies which showed there was no 

difference in accuracy between the open and closed tray impression techniques (Assif et 

al., 1992; Assif et al., 1996; Vigolo et al., 2003; Assunção et al., 2004; Naconecy et al., 
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2004; Vigolo et al., 2004; Cabral & Guedes, 2007; Filho et al., 2008; Barrett et al., 1993; 

Hsu et al., 1993; Herbst et al., 2000; Kim et al., 2006; Choi et al., 2007; Del’Acqua et al., 

2008; Conrad et al., 2007; Wenz & Hertrampf, 2008). However, some studies have shown 

that the open tray  technique is more accurate than the closed tray technique (Carr, 1991; 

Barrett et al., 1993; Daoudi et al., 2001; Phillips & Goto, 2002; Assunção et al., 2004; 

Daoudi et al., 2004; Del’Acqua et al., 2008; Assif et al., 1992; Assif et  al., 1996; Vigolo et 

al., 2003; Assunção et al., 2004; Naconecy et al., 2004; Vigolo et  al., 2004; Cabral & 

Guedes, 2007; Filho et al., 2008), while other studies have shown that the closed tray 

technique is more accurate than the open tray technique ((Humphries et al., 1990, Burawi 

et al., 1997, De La Cruz et al., 2002). The differing results of the various studies are most 

likely due to differences in the implant systems tested, the designs of each study, the 

implant components, the number of implants used, the degree of angulation of the 

implants tested and the type of impression material used.

 Carr in 1992 and Conrad et al. in 2007 found there was no difference in 

impression accuracy of implants placed at various angulations. However, Assunção et al. 

in 2004, Assunção et al. in 2008, and Filho et al. in 2008 determined that increasing 

divergence or convergence of implants had a negative effect  on impression accuracy. The 

above studies are in agreement with the results of this study, however, they used very 

diverse combinations of implant angulations and different materials and methods, which 

makes them difficult to compare. 

 While the results of this study showed there was no significant difference in 

impression accuracy  of implants at 0, 15 and 30 degrees of angulation, the effect of 
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implant angulation on impression accuracy when measured in micrometers approached 

significance. Implants placed at 0 degrees of angulation to a line drawn perpendicular to 

the cast showed more displacement than implants placed at 15 or 30 degrees. This 

difference may be due to the way  in which the impressions were removed from the cast. 

After the impression material was completely set, the impressions were removed in a 

posterior to anterior direction, simulating the method of removal of an intraoral 

impression. While the implants placed at 0 degrees of angulation were perpendicular to 

the cast, the path of withdrawal of the impression was not purely vertical. As a result, the 

0 degree implants were not parallel to the arc of withdrawal. The increased displacement 

of impression material could account for the difference in accuracy between the implants 

placed at 0 degrees compared to those placed at 15 and 30 degrees. It is possible that a 

larger sample size would have produced a statistically significant difference in this study. 

However, the difference was so small (5 µm) that it may not be clinically relevant.

 The literature indicates that perfectly passive fit of a screw retained implant 

prosthesis is clinically impossible to achieve. Furthermore, the question still remains 

whether prosthesis misfit is damaging to implant survival. Few studies have specifically 

examined the effects of prosthesis misfit on osseointegration, and of those that did, none 

were able to identify a direct relationship between misfit  and failure (Taylor et al., 2002). 

Despite these findings, several studies have suggested a clinical threshold for success. 

Brånemark considered misfit  under 10 µm clinically acceptable (Brånemark, 1983). 

Reidy  et al. used a difference of 25 µm as measure of clinical significance, as the human 

optical sensors may encounter difficulty a precise measurements less than 50 µm (Reidy 
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et al., 1997). Klineberg et al. suggested a discrepancy greater than 30 µm over more than 

10% of the circumference of the abutment interface was unacceptable (Klineberg et al., 

1985). Finally, Jemt in 1991 suggested misfits less than 150 µm were acceptable (Jemt, 

1991). Considering the range of prosthesis misfit considered acceptable is between 10 

and 150 µm, the difference in impression accuracy when measured in micrometers found 

in this study (22 ± 16 to 27 ± 25 µm) fall within that range.

 This study  did not find a significant interaction between impression technique and 

implant angulation. These findings are in agreement with Conrad et al. who looked at the 

number of implants, implant angulation and impression technique. Among other things, 

they  found no significant interaction between implant angulation and impression 

technique (Conrad et al., 2007). 

 In making an impression, there are several steps to be completed and errors could 

be introduced at any  time. Dimensional change of the impression material, inaccurate 

reposition of impression copings, improper connection of implant components, and 

dimensional change of the stone used to fabricate the cast could all contribute to the 

inaccuracy of an impression. 

 The favorable properties of polyether impression material have made it  the 

recommended material for multiple-implant restorations, and the material of choice for 

this study (Wee, 2000). While it is very  rigid and provides the best resistance to 

displacement, its rigidity  has some clinical limitations. It is difficult  to use when 

undercuts are present or when there is a great degree of divergence between implants. As 
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such, it may not always be the first  choice for impression material in many clinical 

situations (Wassell 2002). 

 The number of implants in an arch could affect the accuracy of the impression 

procedure. Most of the available literature tested up to 3 implants per master cast. With 

fewer implants, the effect of the angulation of each implant could be minimized by the 

elastic recovery of the impression material. The number of implants in this study  was 

increased to 6, and implants were placed at different angles in the same cast (0, 15, and 

30 degrees of angulation). This simulates common clinical situations. However, the 

results of this study are limited to 6 NobelActive implants and may not be relevant for 

impressions with more or fewer implants of different systems.

 Another possible source of error was the fit of the individual impression copings 

to the implants or implant analogs. Many  factors contribute to the intimacy of fit of 

implant and prosthetic components. Manufacturing variables include machining 

tolerances of implant components, materials used in the manufacturing process, and the 

resultant physical and mechanical properties of the components. The machining tolerance 

of implant components is considered to be the most intimate fit that can be achieved. Ma 

et al. assessed the fit of Nobel Biocare components and found that the average vertical 

discrepancy between abutments and prosthetic cylinders was 23.1 ± 8.3 µm (Ma et al., 

1997). 

 In a similar study, Nicoll et al. evaluated the three-dimensional precision fit of 

three different types of implant systems that represent  the three main joint  types used in 

implant dentistry  today: external hexagon, internal trilobe, and internal conical. The 
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internal conical connection tested was of the NobelActive system. They found the mean 

change in vertical positioning of impression copings was 20.6 ± 8.8 µm and the mean 

change in rotational positioning of impression copings was 5.30 ± 0.79 degrees (Nicoll et 

al., 2013). The differences in impression accuracy found in this study  when measured in 

micrometers were between 22 ± 16 and 27 ± 25 µm, which is very close to the machining 

tolerance of the impression copings used. In addition, the difference in impression 

accuracy  when measured in degrees found in this study was 0.65 ± .50 to 0.75 ± 0.59 

degrees. These values are considerably  less than the reported machining tolerance of the 

impression copings used.

 Most previous studies measured the linear discrepancy between the definitive cast 

and the experimental model at  the connection level. Although the machining tolerance 

was not measured separately in these studies, a significant amount of discrepancy  is 

thought to have originated from the machining tolerance (Rubenstein et al., 1999; Kim et 

al., 2006; Lee et  al., 2008a). When interpreting the results of studies investigating implant 

impression accuracy, the machining tolerance should be considered as a factor affecting 

accuracy  (Lee et al., 2008a). Brand new analogs, impression copings, and actual implants 

were used for this study. This minimized the degree of misfit between implant 

components.  Another possible limitation of the current study  lies in the measurement 

protocol. Although no specific method has been proven superior, the measurement of 

distortion is greatly influenced by the experimental methods and operator reliability 

(Nicholls, 1977). Barrett et al. used absolute distortion analysis, where the points of 

reference were kept outside of the distorting medium (Barrett et  al., 1993). The points of 

80



reference in the present study were the cross marks created in the master cast. The 

impression included these reference points, placing them inside the distorting medium. 

The distortion analysis was therefore relative and not absolute. In addition, all of the 

measurements were performed by one operator to avoid variability  in measurements due 

a lack of inter-operator reliability.

 One of the most critical aspects of the measurement protocol was assuring that 

each reference point was accurately identified. The center of each implant was 

determined by the intersection of three lines of equal length drawn across each implant. 

Similarly, the center of each palatal index was determined by the intersection of the two 

diagonal lines of the square formed in the center of the index. The measurements in the 

frontal and lateral views were made relative to a parallel line drawn through the top of 

each index and lines drawn parallel to each guide pin. Each photograph was enlarged and 

a custom scale was created to correlated pixels to micrometers, based on a millimeter 

marker visible in each photograph. There were between 445 and 499 pixels to each 

millimeter. As such, each pixel was approximately  equal to 0.5 micrometers (µm). While 

measurements were made at the pixel level, there was a degree of subjectivity  present in 

the current  measurement protocol that could contribute to the large standard deviations of 

each mean. Despite that, the standard error for measurements recorded in micrometers 

ranged from 1-2 µm and the standard error for measurements recorded in degrees ranged 

from 0.04-0.06 degrees, both of which are well within the range of acceptable standard 

errors. It is also important to note that  the mean micrometer differences, as well as their 
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associated standard deviations reported in this study are in the range of the machining 

tolerance of NobelActive components discussed earlier. 

 Furthermore, the calculated standard deviation of post hoc test measurements 

recorded in micrometers ranged from 4.6-9.2 µm, or less than 1% of the mean, with a 

standard error of 1.5-2.9 µm, also less than 1% of the mean, and the standard deviation of 

post hoc test measurements recorded in degrees ranged from 0.16-0.25 degrees, or less 

than 1% of the mean, with a standard error of 0.05-0.08 degrees, also less than 1% of the 

mean. As such, the large standard deviation is more likely  attributable to other sources of 

error, such as the dimensional change of the impression materials and stone used to 

fabricate the casts, and discrepancy in machining tolerance of the implant components 

used.

 Future research might include studies using different impression materials, such 

as light and/or heavy  viscosity  vinyl polysiloxane, the use of a machine to insure 

consistent impression removal or the use of digital impressions, and a different 

measurement protocol, possibly using a laser scanner or other type of machine.
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CONCLUSION:

 Within the limitations of this study, impression technique (open vs. closed tray) 

and implant  angulation (0, 15, and 30 degrees to a line drawn perpendicular to the cast) 

did not have a significant effect  on the accuracy  of in vitro impressions made of 

NobelActive implants. 
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