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Purpose: To measure the accuracy of implant impression techniques in vitro, using open
and closed tray techniques with internal and external connection implants at various

angulations.

Materials and Methods: Three internal connection implants and three external
connection implants were placed in an acrylic master cast as follows from posterior to
anterior: 90, 15 and 30 degrees. Twenty-four open tray and closed tray impressions were
made and the resulting casts were analyzed using digital photography. The following
measurements were performed (1) horizontal displacement; (2) vertical displacement; (3)
angulation displacement in the lateral view; (4) angulation displacement in the frontal
view. Statistical analysis was completed by using a factorial analysis of variance (three-
way ANOVA). A p value <0.05 was considered significant. Tukey’s HSD test was used

to analyze significant differences for the angulation variable.



Results: (1) The results show that there was no difference in the impression accuracy
when open vs. closed tray impression techniques were used except in the horizontal plane
where the closed tray produced more accurate impressions than the open tray. (2)
External connection implants produced a significantly larger horizontal displacement
compared to the internal connection implants. (3) The results did not follow a particular
pattern for the effect of implant angulation on impression accuracy. (4) The interactions
observed between connection type, implant angulation and tray type and the resulting
discrepancy in the horizontal plane showed that implants placed at 90 degrees produced
the largest horizontal displacement. In the vertical plane, internal connection implants
placed at 15 degrees when an open tray technique was used produced the largest vertical

displacement.

Conclusion: Clinically, the results from this study suggest that when encountering full
arch implant restorations it is most beneficial to have the implants as parallel to each
other as possible and to remove the custom tray along the same path as the implant
angulation. The splinted open tray technique is time consuming and it might not result in
a more accurate master cast. Open or closed tray techniques can be used, however, the

master cast should always be verified before fabricating the final prosthesis.
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Introduction

Dental implants have provided alternative treatments to conventional removable
prostheses for partially and completely edentulous patients. The use of dental implants
has greatly broadened the scope of clinical dentistry, creating additional treatment options
in complex cases in which functional rehabilitation was previously limited or inadequate.
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 can be achieved
with implants, failures occur. They can be attributed to imprecise surgical or
prosthodontic techniques. Success in oral rehabilitation with dental implants is dependent
on many factors, one being an accurate registration of those structures that constitute the
basis for prosthesis support. The impression, which allows replication of these structures,
must be accurate so that the resultant master cast precisely duplicates the clinical

condition.

Fabricating a prosthesis to be supported by osseointegrated implants is very
similar to fabricating a conventional fixed prosthesis. The 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 to compensate for minor inaccuracies of
positioning of the abutments. However, integrated implants are not mobile, therefore, it is

important to ensure an accurate relationship on the master 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 (GPT8) (2005), a dental impression is a negative imprint of an oral
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
provide a spatial relationship 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 pick-up procedure. Also, the copings may
require a transfer from intraoral usage to the impression after attaching the analog or
replicas; this is termed an impression transfer procedure. An implant analog is a replica
of a portion of an implant abutment made of brass, aluminum, steel, or plastic(2005)
(GPTS, 2005).

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 ef al., 1992).
Researchers have questioned whether an "absolute" passive fit is a prerequisite for
successful implant restorations (Karl ef al., 2008). Even though obtaining absolute
passive fit is practically impossible (Kan ef 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.

Open tray vs. closed tray impression techniques

Traditionally, there are two different implant impression techniques:
1. The pick-up 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 pick-up 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 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
1s 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 et al., 1991).



In 1990, Spector et al reported on the accuracy of master casts fabricated from
three impression techniques for the Nobel Biocare System: one pick-up technique with
guide pin-retained copings splinted with autopolymerizing acrylic resin using rubber
impression material; the second transfer technique with a polyvinyl siloxane 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 ef 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 transfer technique with tapered copings and a pick-up technique with square
copings. All impressions were made with polyether material. The results showed that the
pick-up method provided the most accurate working casts (Carr et al., 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 pick-up or the transfer technique. However, the pick-up 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 pick-up
technique using polyether impression material. The results showed that the pick-up

technique showed comparable or better results than the transfer technique. Also, a less



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 pick-up 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. Pick-up
impressions showed a significantly greater inaccuracy in the vertical plane (De La Cruz
etal.,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

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 ef al., 2004).

Conrad et al measured the accuracy of the transfer and pick-up 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 pick-up 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 pick-up 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 pick-up 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 pick-up technique (Walker et al.,
2008).

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 pick-up 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 pick-up techniques did not affect the clinical fit of implant-retained
superstructures (Wenz & Hertrampf, 2008).

There have been many studies that compared the accuracy of pick-up and
transfer impression techniques. Some studies showed no difference between the two
techniques, (Naconecy et al., 2004; Cabral & Guedes, 2007; Conrad et al., 2007; Wenz &
Hertrampf, (Assif et al., 1992; Assif et al., 1996; Vigolo et al., 2003; Assuncao et al.,
2004; Naconecy et al., 2004; Vigolo et al., 2004; Cabral & Guedes, 2007; Filho et al.,
2008) 2008) Some studies favored the pick-up technique (Carr, 1991; Barrett et al., 1993;
Daoudi et al., 2001; Phillips & Goto, 2002; Assuncao et al., 2004; Daoudi et al., 2004;
Del'Acqua ef al., 2008) and others showed more accurate impressions with the transfer

technique (Humphries et al., 1990; Spector et al., 1990; De La Cruz et al., 2002).

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.

In 1985, Branemark et al emphasized the importance of impression copings
splinted with dental floss scaffolding covered with autopolymerizing acrylic resin for
transfer impressions. The underlying principle was to connect all the impression copings
together using a rigid material to prevent individual coping movement during the
impression-making procedure.

Even though there was no consistent result for higher accuracy with one technique
as opposed to the other, splint or non-splint, the majority of the studies reported more
accurate implant impressions with the splint technique than with the non-splint technique
(Table 1).

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 ef 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 ef 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;
Naconecy et al., 2004). One study investigated splinting the impression copings to the
impression tray, but did not demonstrate an advantage (Assif et al., 1996).

Spector et al. measured the accuracy of three impression procedures using pick-up

and transfer impression copings and a parallel six-implant model. The results showed that
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no technique proved to be more accurate; however the shrinkage of the acrylic resin
would create some error during the pick-up procedure (Spector et al., 1990).

Humphries et al. investigated the dimensional accuracy of master casts fabricated
using tapered impression copings not splinted together, squared impression copings not
splinted together and squared 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 pick-up 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/polyvinyl siloxane group (Assif et al., 1992).

Barrett et al evaluated six impression techniques: tapered copings with alginate
and polyvinyl siloxane, square copings with plaster, polyether and polyvinyl siloxane.
Copings were splinted with floss and acrylic resin before making the polyvinyl siloxane
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
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copings with acrylic resin produced better results than non- splinting (Barrett ef 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,
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 toward the labial. The distortion values
were compared to the known machining tolerances for these copings. The authors found
out that there was no significant difference between the splinted vs. non-splinted
technique accuracy as well as between 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 more accurate than the non-splint
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



12

splint the transfer copings was significantly more accurate than the two other techniques
(Assifetal., 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 ef 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 an
un-splinted impression technique. The splinted technique exhibited more deviation from
the master model than the un-splinted technique did. 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
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,
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non-modified square impression copings were used; in the second, square impression
copings were used and joined 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 joined 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
multi-unit 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 used a system of engagement 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 airborne-particle—abraded, adhesive-coated impression copings are
used (Vigolo et al., 2004).

Assuncao 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 (Assuncao et al., 2004).
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Kim et al investigated the accuracy of the implant impression over multiple
laboratory procedures and found that the non-splint technique was more accurate during
the impression-making procedure, while the splint technique was more accurate during
the cast fabrication procedure (Kim et al., 2006).

In a 2008 study, Assuncao 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. Results
showed that the non splinted group produced casts that were less accurate than the
splinted groups (Assuncao 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
tapered transfer copings, a pick-up impression technique with un-splinted squared
copings, a pick-up impression technique with square transfer copings splinted with
acrylic resin, and a pick-up impression technique with square transfer copings with
acrylic resin splints sectioned 17 minutes after setting and welded with the same resin.
The pick-up impression technique with square transfer copings with acrylic resin splints
sectioned and welded after setting had better results than the other techniques studied
(Cabral & Guedes, 2007).

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

pick-up non-splinted (square impression copings, custom tray) and one splinted (square
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impression copings splinted with autopolymerizing acrylic resin, custom tray) for the
fabrication of multi-unit 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
pick-up non-splinted and splinted techniques in settings with divergence up to 8 degrees
(Choti et al., 2007).

Filho et al compared splinting techniques for impression copings of
osseointegrated implants with different angulations. The results showed that splinting of
pick-up impression copings is indicated for osseointegrated implant impressions. The
square copings splinted with a prefabricated acrylic resin bar presented the best results
among the pick-up impression techniques evaluated in this study (Filho et al., 2008).

There have been many studies that compared the accuracy of splint versus
non-splint impression techniques. Some studies showed no difference between the two
techniques (Barrett ez al., 1993; Hsu et al., 1993; Herbst et al., 2000; Kim et al., 2006;
Choi et al., 2007; Del'Acqua et al., 2008) Most studies favored the splint technique (Assif
etal., 1992; Assif et al., 1996; Vigolo et al., 2003; Assuncao ef al., 2004; Naconecy et
al., 2004; Vigolo et al., 2004; Cabral & Guedes, 2007; Filho et al., 2008) while others
showed more accurate impressions with the non-splint technique.(Inturregui et al., 1993;
Burawi et al., 1997) Although there was no consistent result for higher accuracy with the
splint technique compared to the non-splint technique, more studies favored the splint

technique as being more accurate for implant impressions.
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Splint material

The most common material used for the splint technique is autopolymerizing
acrylic resin. Minimizing the shrinkage of the acrylic resin is the most important factor to
ensure an accurate impression using the splint 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 affect the accuracy of abutment

positions in the master cast (Humphries et al., 1990; Spector et al., 1990).

Coping modification

The literature shows that impression copings with different designs provided a
different level of impression accuracy. Different techniques have been used such as
roughening of the external surface of the coping, applying adhesive coating, different
shapes and materials were used to fabricate copings. These modifications were mainly
created in order to establish a firmer connection between the impression coping and the
impression materials, which would decrease the amount of movement of the coping

inside the material from impression making to fabrication of the master cast.
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One of the first studies that introduced coping modifications in order to increase
accuracy was in 1993 and the coping was extended or treated with airborne-particle
abrasion and impression adhesive (Liou et al., 1993). However, the same surface
treatment did not increase the accuracy in Vigolo’s 2004 study (Vigolo et al., 2004) but
did show increased impression accuracy in Vigolo’s 2003 study(Vigolo et al., 2003).

Carr et al. studied the accuracy of casts produced from the MICS (metallic
impression coping system) transfer process compared with casts produced from sectioned
frameworks, where both techniques used a low-polymerization-shrinkage acrylic resin
polymer to rigidly join the sections. 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 rigid transfer technique as provided in the MICS transfer to be more accurate than the
verification technique (Carr & Master, 1996).

Some implant manufacturers have developed a snap-fit plastic impression coping.
This technique is not a pick-up impression because it does not require an open tray, but
instead uses a closed tray. It is not a transfer impression, either, because the plastic
impression copings are picked up in the impression (Lee ef al., 2008b).

Vigolo et al evaluated the accuracy of master casts obtained 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.
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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).

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 showed that accuracy was not affected by the impression material viscosity;
however, the metal copings technique yielded more accurate casts than the plastic caps
technique. The decreased accuracy was explained as being related to the impression cap
being made of plastic, which is a viscoelastic material prone to distortion or deformation
with loading (Walker ef 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 ef 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.
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Angulation of dental implants

The need for angulated abutments in implant dentistry has become accepted, as
the need to produce functional and esthetic restorations has become more critical because
of patients’ and clinicians’ expectations. The anatomy of the jaws and the morphology of
the residual ridges determine the orientation and angulation in which the implants have to
be placed. Similarly, the position and morphology 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 antirotational external hex (Lewis ef al., 1988).

Since then, several manufacturers offer abutments ranging from 0 to 60 degrees
with a variety of methods of addressing the plane of alignment of the abutment. The
abutments have two superimposed offset-internal hexes providing 12 positions in which
the abutment can be located 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). There are a number of solutions to the problem of angular correction and
rotational orientation. Most implant manufacturers offer at least one premachined 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).
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The lack of parallelism in implants creates an undesirable path of withdrawal
that may distort the impression material upon removal, producing an inaccurate master
cast, especially with the closed tray technique. When multiple implants are surgically
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 mm in height
and depth (Jorgensen, 1976). Also, this effect may be heightened 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; Assuncao 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).

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
posterior mandibular model. One implant was parallel to the adjacent natural first
premolar and 11 mm apart from the second implant which exhibited a 15 degree lingual
inclination. The authors investigated the accuracy of the transfer vs. pick-up technique
using polyether impression material. The results showed that the pick-up technique
showed comparable or better results than the transfer technique. Also, a less 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).

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

the accuracy of implant impression transfer under different parameters: transfer technique



21

with conical copings in closed trays, pick-up 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 proves that the accuracy of implant impressions decreases with the angulation of
implants (Assuncao et al., 2004).

Conrad et al measured the accuracy of implant casts when implants that had 5,
10 or 15 degrees convergence or divergence from each other. The magnitude of distortion
was similar for all combinations of impression technique, implant angulation, and
implant number (Conrad ef al., 2007).

In a 2008 study, Assuncao 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 provided more accurate casts than the angulated implants (Assuncao
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
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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
convergence and divergence have been tested. Three studies agreed that increasing
divergence or convergence of implants would have detrimental effects on impression
accuracy (Assuncao et al., 2004; Assuncao 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
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).

In terms of the abutment connection to a fixture, several kinds of systems have
been clinically employed, such as external hexagon, internal hexagon and taper joints.
The implant external hexagon design was first introduced by Brdnemark (Branemark 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
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hexagon interface of the Branemark 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 significantly differently from external implant/abutment
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) .

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:

a. The external connection system has advantages such as: suitable for the two stage
method, an anti-rotation mechanism, retrievability and compatibility among different
systems. Possible disadvantages of the external hex are: micro-movements because of the
size of the hex, 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).



24

b. The internal connection system has advantages such as: ease in abutment
connection, suited for one stage implant installation, higher stability and antirotation
because of a wider area of connection and suited for single tooth restoration, higher
resistance to lateral loads because of the lower centre of rotation and better force
distribution. Its disadvantages are: thinner lateral fixture wall at the connecting part and
difficulty in adjusting divergences in angles between fixtures (Maeda et al., 2006).

c. Taper joint connections with a conical seal, or Morse’s taper, have advantages of
better sealing capabilities in closing the micro-gap on top of those in an internal hex
system (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
regular external hexagon implants (Vigolo et al., 2004).

Coping modifications have been tried in previous studies for both external and
internal connection systems.

With multiple external hexagon implants, improved accuracy of the definitive cast
was equally accomplished when the impression technique involved square impression
copings joined together with autopolymerizing acrylic resin or square impression copings

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

Theoretically, airborne-particle abrasion and adhesive 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 ef al., 1990;
Assifet al., 1996; Assif et al., 1999) and conflict with findings of other studies
(Inturregui et al., 1993; Burawi ef al., 1997).

Although mechanical, clinical and microbiological advantages and disadvantages
have been indicated for both external and internal connection systems, the actual

mechanical implications in impression making have not yet been studied.
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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 major importance
in 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 impression due to increased rigidity which will decrease the amount of
copings’ 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 cast 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 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 polyvinyl siloxane heavy/
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light body. No significant differences were found among any of the materials (Barrett et
al., 1993).

Wee et al (2000) stated that when using the pick-up implant impression
technique, the impression material must fulfill two requirements: rigidity to hold the
impression coping and to prevent accidental displacement of the coping 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 amount of torque required to rotate the coping in
the impression. The authors used steel balls as reference points and measure the distances
between them with a travelling microscope. The torque required to rotate an impression
coping in the impression was 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 (2008) 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
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technique and impression material viscosity combinations. They used closed tray/
indirect technique versus closed tray/ direct technique 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 and a
stiffer material did not produce more accurate results (Walker ez 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. This study found
no significant difference in implant transfer accuracy between polyether and polyvinyl
siloxane impression materials (Liou et al., 1993).

Wenz et al investigated the deviations of implant positions of both impressions
and casts using different impression materials and techniques. Also, the existence of a
correlation between the deviations of the impression and those of the cast was
investigated. They used 2 implants parallel to each other. A pick-up technique was used
with a medium-viscosity material or a putty-tray material in combination with a light-
viscosity syringe material; a transfer technique and a 2-step technique were used 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 involves making the first
impression using putty only, to create space inside of the impression. Subsequently, the
impression is filled with light-body impression material, and then the second impression
is made. The 1-step method uses 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
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impression, and the medium-body polyether monophase impression (Wenz & Hertrampf,
2008).

Lee et al reported that putty and light-body combination 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 of 3
impression techniques. They used tapered impression copings, squared copings, and
square impression copings splinted with acrylic resin associated with 3 pouring
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



30

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).

To summarize, it appears that various impression materials and combination
of materials were tested and recommended in the dental literature. Irreversible
hydrocolloid, impression plaster, polyether, condensation and addition silicones and
polysulfide materials have been used in different consistencies and combinations.
Polyether was recommended as the material of choice in several studies (Carr, 1991;
Assifet 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 polyvinyl siloxane (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 to remove the impression for
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 ef al., 1998) and recommended for implant

impressions by certain studies (Humphries et al., 1990; Barrett et al., 1993). Polysulfide
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was the preferred material for removable prosthodontic material in US dental schools

(Arbree et al., 1996).

Other factors affecting impression accuracy

Machining tolerance

In most clinical situations, an implant impression is made using impression
copings, requiring connection to the implant. After separating the impression, 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 um to 100 um (Ma et al., 1997). Kim et al reported 31.3um
and 30.4um 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.
Even though 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).
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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.
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 ef al., 2008).
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Assif et al defined four situations that can occur when the dentist assesses the fit
of a framework on implants as follows:

a. The dentist perceives that the framework does not fit. Differences in the range of
30um can be detected.

b. 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.

c. 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.

d. 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

(Assifet 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 supragingivally exposed. This reduction in the surface of the impression
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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.

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 vinylpoly 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, this implant depth effect could be compensated for by using an extension of the
impression coping. 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).

Summary of the literature review

Many studies examined the effects of various factors on the accuracy of implant
impressions, different impression trays, different impression materials, implant
angulation, implant depth, coping modifications etc.

Out of all the impression materials available, polyether’s rigidity provided the best
resistance to coping displacement in the impression. Because of its favorable properties
polyether has been recommended as an impression material for edentulous, multiple
implant-retained restorations and it was selected as the material of choice for this study.

One issue that has not been discussed yet in the literature and that is whether the

type of implant connection has any influence on impression accuracy. Clinicians have
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mixed opinions and preferences regarding the use of internal vs. external connection
implants.

External connection is thought to provide more freedom in abutment selection for
complex cases involving multiple implants at different angulations. A specific
connection type may be of great benefit for impressing implants with a high degree of
angulation.

The literature provided no study comparing the splint and non-splint techniques
using external connection implants versus internal connection implants, and this should
be considered when the results are interpreted. Further studies are necessary to discover

the relation between the connection method and the effect of the splint technique.



Purpose

The purpose of this study is to measure the accuracy of implant impression
techniques in vitro, using open and closed tray techniques, with internal and external

connection implants at various angulations.

36
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Hypotheses

The following hypotheses were used for statistical analysis for measurements of:
1. Horizontal discrepancy

2. Vertical discrepancy

3. Angular discrepancy in frontal plane

4. Angular discrepancy in sagital plane

Null Hypotheses

Main Effects:

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

or an open tray impression technique was used.

2. There is no significant difference in impression accuracy whether internal or

external connection implants were used.

3. There is no significant difference in impression accuracy whether implants had

a 0, 15 or 30 degree angulation to a reference line perpendicular to the cast.

Interactions:

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

closed tray) and the type of connection (internal vs. external).

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

closed tray) and implant angulation (0,15,30 degrees).
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3. There is no significant interaction between the type of connection (internal vs.

external) and implant angulation (0,15,30 degrees).

4. There is no significant interaction between the impression technique (open vs.
closed tray), type of connection (internal vs. external) and implant angulation

(0,15,30 degrees).

Research Hypotheses

Main effects:

1. The open tray impression technique will provide more accurate impressions

than the closed tray impression technique.

2. Internal connection implants will provide more accurate impressions than

external connection implants.

3. Implants with 0 degree angulation will provide more accurate impressions than
implants with 15 or 30 degree angulations; implants with 15 degree angulation

will provide more accurate impressions than implants 30 degree angulation.

Interactions:

1. There is a significant interaction between the impression technique (open vs.

closed tray) and the type of connection (internal vs. external).

2. There is a significant interaction between the impression technique (open vs.

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

3. There is a significant interaction between the type of connection (internal vs.

external) and implant angulation (0,15,30 degrees).

4. There is a significant interaction between the impression technique (open vs.
closed tray), type of connection (internal vs. external) and implant angulation

(0,15,30 degrees).



39

Materials and methods

Master cast fabrication

A prefabricated rubber model former (S60OU-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
autopolymerizing acrylic resin (Ortho-Jet Clear, Lang Dental Manufacturing Co. Inc.,
Wheeling, IL) was poured into it and allowed to set.

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 made. A protractor was used to align the cutting bur in the desired angle by tilting
the milling machine table. A 4mm twist drill (Ferraro Engineering, Hereford, AZ) was
used to prepare the holes (4x10mm). The six implants were placed at 50 RPMs (Motor
unit Nobel Biocare USA, Yorba Linda, CA) into the master cast (Figure 1).

The master contained 6 implants: 3 internal connection (Nobel Replace,

regular platform [RP, 4.3 mm]; Nobel Biocare USA, Yorba Linda, CA) (Figure 2) and 3
external connection (Branemark System, regular platform [RP, 4.3 mm]; Nobel Biocare
USA, Yorba Linda, CA) (Figure 3). The implants were arranged as follows from
posterior to anterior: 0 degree external connection, 15 degree external connection, 30
degrees external connection on the right side corresponding to tooth position #3, 5 and 7
respectively and 0 degrees internal connection, 15 degrees internal connection and 30
degrees internal connection on the left side accordingly. The implants were sequentially

numbered 1 through 6 from right to left (Figure 4).
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Four indices were placed in the master cast. Each index was cross-shaped and
it was made by intersecting two 2mm deep and 4mm long grooves. A 2mm bur (Ferraro
Engineering, Hereford, AZ) was used to prepare the grooves. The indices were located as

follows:

1. One index was placed in the midpalatal area of the master cast

2. One index was placed on the right buccal (external) incline of the cast, half way
the distance between implants 1 and 2.

3. One index was placed on the anterior frontal (external) incline of the cast, half
way the distance between implants 3 and 4 (Figure 5).

4. One index was placed on the left buccal (external) incline of the cast, half way the

distance between implants 5 and 6 (Figure 6).

Custom trays fabrication

Three 4x4 mm grooves were placed in the land area of the master model to help
orient and verify the complete seating of the custom trays during the impression making
procedure. Two thicknesses of base plate wax (Tru Wax, Heraeus Kulzer Inc., Armonk,
NY) were carefully 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 International, York, PA) was made and poured in type [V
high strength low expansion die stone (Silky-Rock, Whip Mix Corporation, Louisville,
KY). A mechanical vacuum mixer (Vacuum Power Mixer Plus Single Speed, Whip Mix
Corporation, Louisville, Kentucky) was used at 425 RPM and mixed for 30 seconds, as

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



41

Corporation, Louisville, KY) to minimize the entrapment of air bubbles, and then it was
allowed to set for 30 minutes. The resulting model was used to fabricate the custom trays
(Figure 7 and 8).

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 International, York, PA), which was carefully adapted to the prepared
model and polymerized (Triad 2000 Visible Light Curing Unit; Dentsply International,
York, PA) for a total of 6 minutes. Openings were created in the custom tray used for the
open tray technique to accommodate for the impression coping guide pins (Figure 9).

Closed tray impression copings (Figure 10,11) and open tray impression copings
(Figure 12,13) (Nobel Replace, RP, Nobel Biocare and Branemark System, Yorba Linda,
CA) were used to make impressions of the implants. The closed tray impression copings
were placed on the implants in the master cast and hand tightened using a unigrip driver
(Nobel Biocare, Yorba Linda, CA) (Figure 14). 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) (Figure 15).

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) and then were

seated on the master cast, making sure each tray engaged the three grooves placed in the
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master cast. Immediately after placing the loaded tray over the master cast, any excess
impression material was wiped off to verify the complete seating of each tray into the
four 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 no. 11 scalpel blade (Micro-Mark, Berkeley Heights, NJ) flush with the borders of
the tray.

For the open tray technique, warmed boxing wax was adapted over the openings
before loading the tray with impression material. After the tray was seated, the base plate
wax was used to prevent flowing of the impression material through the openings and
also to help identify the location of the impression copings (Figure 16). The copings were
loosened with a driver and removed; the tray was separated from the master cast while
the impression copings remained locked in the impression (Figure 17). The guide pins
were placed back into the open tray impression copings from the top, while an implant
analog was connected to the hex and the guide pins were hand tightened (Figure 18).

Closed tray impression copings remained on the master cast after the impression
material had polymerized when the tray was removed (Figure 19). These impression
copings were removed one at a time from the definitive cast and attached to an implant
analog (Figure 20). The combined impression coping analog unit was inserted into the
impression by firmly pushing it into place to full depth (Figure 21).

Impressions were inspected and repeated if any inaccuracies were found.
Surfactant (Smoothex Debubblizing Solution, Whip Mix Corporation, Louisville, KY)
was sprayed on each impression before pouring. Impressions were poured with high

strength low expansion die stone (Silky-Rock, Whip Mix Corporation, Louisville, KY).
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The die stone was mixed with water according to manufacturer recommendation (16 ml
water will be used with each 70 gm powder). The stone was vacuum mixed using a
mechanical vacuum mixer (Vacuum Power Mixer Plus Single Speed, Whip Mix
Corporation, Louisville, KY). The stone was poured on a vibrator (Whip Mix
Corporation, Louisville, KY). 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 30D, Digital AF/AE SLR, Canon, USA) with 100
mm macro lens (EF 100mm 2.8 Marco USM, Canon, USA) and ring flash (Macro Ring
Lite MR-14EX, Canon, USA) and a camera holder (Majestic 6504 Professional Quicklift
Tripod, USA). The photographs were made with a constant focal distance (3 ft) and under

the same standard light source (Figure 22).

The following photographs were taken of each cast:

(1) An occlusal view

(2) A right lateral view

(3) A left lateral view

(4) A frontal view with guide pins placed for implants 1,3,4 and 6

(5) A frontal view with guide pins placed for implants 2 and 5



44

The casts were photographed in exactly the same position for each view. The

following procedures were performed to ensure that the cast position was the same:

1. A putty matrix (Extrude XP Putty, Pearson Dental, Sylmar, CA) was made over the
master cast engaging the 3 grooves in the land area and in intimate contact with the
surface of the master cast. The areas of the implants and indices were relieved so there
was no contact with the putty. Two boxes were cut on the seating surface of the putty

matrix (Figure 23).

2. A stone index was made using type III dental stone (Keystone Pro, Fort Washington,
PA) with a thickness of 0.5 mm less than the thickness of the base of the casts. The stone
index intimately engaged the 2 boxes on the seating surface of the putty matrix (Figure

24).

3. Each cast was placed into the putty matrix, the stone index was placed into the boxes
of the putty matrix and the cast was secured on the stone index using cyanoacrylate
(Instant Krazy Glue, Elmer’s Products Inc., Columbus, OH). This assured the exact same

position for all the casts on the stone index (Figure 25).

4. A second putty matrix was made for the cast-stone index assembly (Figure 26). This
putty matrix was used for the photographs taken in lateral and frontal views. The putty
matrix was glued to the surface of the table, making sure its position was always the same
for each photograph taken. The master cast and each of the twenty-four duplicated casts

were positioned into the putty matrix for each photograph.
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5. The cast-stone index assembly was positioned on the tabletop and the outline of the
stone index was drawn. Each duplicated cast was positioned inside the same outline as

the master cast.

One at a time, the master model and the twenty-four duplicate casts were
photographed. The images were acquired with the software driver for the digital camera
of a personal computer (Adobe Photoshop CS4, Adobe, San Jose, CA). All images were

analyzed at the actual pixel size resolution.

The following measurements were preformed:

(1) In the occlusal view, the distance between the center of each implant and the center of
the index was recorded (Figure 27). The center of each index was determined by
intersecting the two diagonals of the square formed in the central part of the index. The
intersection of the diagonals was considered the center of the cross and it was marked
with the brush tool size 9 pixels, sharpness 10%. The center of each implant was found
by finding the diameter of the circle (the longest distance between 2 points). The center
was a point located in the middle of the diameter of the circle. The center was marked
with the brush tool size 9 pixels, sharpness 10%. The measurement obtained from each

duplicate cast was displayed in pixels and was recorded in an Excell spread sheet.

(2) The right and left lateral view images were used to measure the following (Figure 28):

a). The angles between the long axes of each implant and a line perpendicular to the

horizontal.
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Guide pins were placed to aid in measuring the angles. A line parallel to the long
axis of the implant was drawn for each implant. The discrepancy in angulation was
calculated by the computer in degrees. The data was transferred by the computer into an

Excell spread sheet.

b). The vertical displacement of the implants.

A horizontal reference line was drawn following the horizontal component of the
cross shaped index. A perpendicular line was dropped from the middle of each platform
to the reference line. The upper rim on the implant seating surface was used for all
measurements. The length of each perpendicular line was calculated by the computer in

pixels. The data was transferred into an Excell spread sheet.

(3) The two frontal view images were used in the same manner as the lateral view

images (Figure 29, 30).

A mm. ruler was photographed at the same focal distance as the casts. The 10
mm distance on the ruler was measured 3 times in pixels and the average value was used

to convert the measurement obtained in pixels to millimeters.

The measurements for each cast were recorded in a spreadsheet (Excel,
Microsoft Office 2008, Sacramento, CA). The measurement obtained from each duplicate
cast was subtracted from the measurement obtained from the master cast. The absolute

value was recorded for statistical analysis.

All photographs and measurements were made by the same investigator to

ensure standardization of the procedure.
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Statistical analysis

A factorial analysis of variance (three-way ANOV A) was used for statistical
analysis. Tukey’s Honestly Significant Difference (HSD) test was used to analyze
significant differences for the angulation variable. A p value <0.05 was considered

significant.
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Results
Horizontal discrepancy

Statistical analysis revealed that the tray type had a significant effect on the
accuracy of impressions measured as displacement of implant analog position in the
horizontal plane (F=9.66, p=0.002). Impressions made with an open tray were
significantly less accurate 0.26 +£0.20 mm (mean displacement £SD) than impressions

made with a closed tray (0.21 £0.16 mm; Table 2, Figure 31).

The connection type had a significant effect on the accuracy of impressions
measured as implant analog position displacement in the horizontal plane (F=65.94,
p<0.0001). Implants with external connection produced less accurate impressions (0.3
+0.2 mm) compared to implants with internal connection (0.1 £0.14 mm; Table 2, Figure

32).

Implant angle had a significant effect on the accuracy of impressions measured as
displacement of the position of implant analogs in the horizontal plane (F=141.82,
p<0.0001). Implants placed at a 0 degree angle had a mean displacement of 0.4 +0.14
mm, implants placed at a 15 degree angle had a mean displacement of 0.22 £0.18 mm
and implants placed at a 30 degree angle had a displacement of 0.08+0.07 mm (Table 2,
Figure 33). Tukey Honestly Significant Difference test revealed that the implants placed
at a 0 degrees angle had a significantly greater discrepancy than the implants placed at a
15 degrees and 30 degrees respectively. Implants placed at a 15 degree angle had a

significantly greater discrepancy than the implants placed at 30 degrees.
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There was a significant interaction between connection type and impression
technique with respect to the resulting displacement in implant analog position measured
in the horizontal plane (F=13.19, p<0.0001). While both the open and closed trays
showed similar horizontal displacement for the internal connection implants, the open
tray showed greater displacement than the closed tray for the external connection

implants (Table 2, Figure 34).

There was a significant interaction between implant angulation and tray type with
respect to the resulting displacement of the implant analogs measured in the horizontal
plane (F=9.375, p<0.0001). For both the open and closed tray impression technique,
implants placed at 0 degrees produced the largest horizontal displacement, followed by
implants placed at 15 degrees and 30 degrees respectively. For the open tray impression
technique, implants placed at 15 degrees produced a larger horizontal displacement than
implants placed at 30 degrees, while for the closed tray technique implants placed at 15

and 30 degrees produced similar horizontal displacement (Table 2, Figure 35).

There was a significant interaction between connection type and implant angulation
with respect to the resulting displacement in implant analog position measured in the
horizontal plane (F=23.86, p<0.0001). For the internal connection, implants placed at 0
degrees produced a larger horizontal displacement than implants placed at 15 and 30
degrees, which produced similar displacement. For the external connection, implants
placed at 0 degrees produced a larger horizontal displacement compared to implants
placed at 15 degrees, which in turn produced a larger displacement than implants placed

at 30 degrees (Table 2, Figure 36).
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There was a significant interaction between connection type, implant angulation
and tray type with respect to the resulting displacement of the implant analogs measured
in the horizontal plane (F=5.21, p=0.007). For the internal connection, whether an open
or closed tray impression technique was used, implants placed at 0 degrees produced a
larger horizontal displacement than implants placed at 15 and 30 degrees. For the external
connection, the open and closed tray impression technique for implants placed at 0
degrees produced similar displacement as the open tray for implants placed at 15 degrees;
this displacement was larger than for implants at 15 degrees with a closed tray or

implants at 15 degrees with either open or closed tray technique (Table 1, Figure 37).

Vertical discrepancy

The tray type had no significant effect on the accuracy of impressions measured
as displacement of the implant analog position in the vertical plane (F=3.19, p=0.076).
Impressions made with an open tray had a mean displacement of 0.23+0.26 mm while
impressions made with a closed tray had a mean displacement of 0.20+0.14mm (Table 2,

Figure 38).

Statistical analysis revealed that the connection type had a significant effect on
the accuracy of impressions measured as displacement of the implant analog position in
the vertical plane (F=24.6, p<0.0001). Implants with internal connection had a
significantly higher mean displacement of 0.26 +£0.26 mm compared to the external

connection (0.17 £0.12 mm) (Table 2, Figure 39).

Implant angle had a significant effect on the accuracy of impressions measured

as displacement of the implant analog position in the vertical plane (F=50.47, p<0.0001).
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Implants placed at 0 degrees had a mean displacement of 0.19 £0.13 mm, compared to
implants placed at 15 degrees which had a mean displacement of 0.33 +0.29 mm and
implants placed at 30 degrees which had a mean displacement of 0.13 +£0.09 mm (Table
2, Figure 40). Tukey Honestly Significant Difference test revealed that the implants
placed at a 15 degrees angle had a significantly greater discrepancy than the implants
placed at 0 degrees. Also, implants placed at a 0 degrees angle had a significantly greater

discrepancy than the implants placed at 30 degrees.

There was a significant interaction between connection type and impression
technique with respect to the resulting displacement measured in the vertical plane
(F=36.72, p<0.0001). While for the internal connection implants the open tray impression
technique produced a larger vertical displacement than the closed tray technique; for the
external connection implants the closed tray produced more vertical displacement than

the open tray (Table 2, Figure 41).

There was a significant interaction between implant angulation and tray type with
respect to the resulting displacement measured in the vertical plane (F=27.42, p<0.0001).
For the open tray impression technique implants placed at 15 degrees produced the
largest vertical displacement, followed by implants placed at O degrees and 30 degrees
respectively, which both produced similar displacement. For the closed tray impression
technique implants placed at 0 degrees, 15 degrees and 30 degrees produced similar

vertical displacement (Table 2, Figure 42).

There was a significant interaction between connection type and implant

angulation with respect to the resulting displacement of the implant analog position
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measured in the vertical plane (F=79.11, p<0.0001). For internal connection, 15 degree
implants produced a significantly larger vertical displacement compared to 30 and 0
degree implants, which both produced similar vertical displacement. For external
connection, 0 degree implants produced a significantly larger vertical displacement than
15 and 30 degree implants, which both produced similar vertical displacement (Table 2,

Figure 43).

There was a significant interaction between connection type, implant angulation
and tray type with respect to the resulting displacement measured in the vertical plane
(F=26.81, p<0.0001). Internal connection implants placed at 15 degrees when an open
tray technique was used produced the largest vertical displacement. Internal connection
implants placed at 15 degrees with a closed tray technique produced similar displacement
as implants placed at 0 degrees and 30 degrees regardless of the impression technique.
External connection implants, regardless of the angulation or impression technique

produced similar vertical displacement (Table 2, Figure 44).

Angular discrepancy in the frontal plane

The tray type had no significant effect on the accuracy of impressions measured
as an angular displacement of the implant analogs in the frontal plane (F=3.76, p=0.06).
Implant impressions with an open tray had a mean displacement of 1.17+0.9 degrees,
while implants with closed tray had a mean displacement of 1.46 =1.21 degrees (Table 3,

Figure 45).

The connection type had no significant effect on the accuracy of impressions

measured as an angular displacement of the implant analogs in the frontal plane (F=0.11,
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p=0.74). Implant with internal connection produced a mean displacement of 1.34 +1.11
degrees, while implants with external connection produced a mean of 1.29 £1.04 degrees.

(Table 3, Figure 46)

The implant angle had a significant effect on the accuracy of impressions
measured as an angular displacement of the implant analogs in the frontal plane
(F=33.01, p<0.0001). Implants placed at a 0 degree angle had a mean displacement of
0.72 £0.91degrees, compared to implants placed at a 15 degree angle which had a mean
displacement of 1.08 +0.67 degrees and implants placed at a 30 degree angle which had a
mean displacement of 2.14 +1.05 degrees (Table 3, Figure 47). Tukey Honestly
Significant Difference test revealed that the implants placed at a 30 degree angle had a
significantly greater discrepancy than the implants placed at a 15 degree and 0 degree
angle respectively. There was no significant difference between implants placed at a 15

degree angle and those placed at a 0 degree angle.

There was no significant interaction between connection type and tray type with
respect to the angular displacement of the implant analogs measured in the frontal plane

(F=0.22, p=0.64) (Table 3, Figure 48).

There was no significant interaction between implant angulation and tray type
with respect to the angular displacement of the implant analogs measured in the frontal

plane (F=0.27, p=0.76) (Table 3, Figure 49).
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There was no significant interaction between connection type and implant
angulation with respect to the angular displacement of the implant analogs measured in

the frontal plane (F=2.03, p=0.14 (Table 3, Figure 50).

There was no significant interaction between connection type, implant angulation
and tray type with respect to the angular displacement of the implant analogs measured in

the frontal plane (F=0.48, p=0.62) (Table 3, Figure 51).

Angular discrepancy in the sagital plane

The tray type had no significant effect on the accuracy of impressions
measured as an angular displacement of implant analogs in the sagital plane (F=3.61,
p=0.06). Impressions made with an open tray produced a mean displacement of 1.98
+1.04 degrees, while impressions made with a closed tray had a mean displacement of

2.3 £1.21 degrees (Table 4, Figure 52).

The connection type had a significant effect on the accuracy of impressions
measured as an angular displacement of the implant analogs in the sagital plane
(F=15.65, p<0.0001). Implants with internal connection had a mean displacement of 2.48
+1.14 degrees which was significantly higher compared to the external hex connection

with a displacement of 1.80+1.03 degrees (Table 4, Figure 53).

The implant angle had a significant effect on the accuracy of impressions
measured as an angular displacement of the implant analogs in the sagital plane (F=3.91,
p=0.022). Implants placed at a 0 degree angle had a mean displacement of 2.43 +£1.04

degrees, compared to implants placed at a 15 degree angle which had a mean
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displacement of 1.84 +1.14 degrees and implants placed at a 30 degree angle which had a
mean displacement of 2.14 +1.17 degrees (Table 4, Figure 54). Tukey Honestly
Significant Difference test revealed that the implants placed at a O degree angle had a
significantly larger discrepancy than the implants placed at a 15 degree angle. There was
no significant difference between implants placed at a 15 degree angle and those placed
at 30 degrees. There was no significant difference between implants placed at 30 degrees

and those placed at 0 degrees.

There was no significant interaction between connection type and tray type with
respect to the angular displacement of the implant analogs measured in the sagital plane

(F=0.74, p=0.39) (Table 4, Figure 55).

There was no significant interaction between implant angulation and tray type
with respect to the angular displacement of the implant analogs measured in the sagital

plane (F=0.28, p=0.76) (Table 4, Figure 56).

There was a significant interaction between connection type and implant
angulation with respect to the angular displacement of the implant analogs measured in
the sagital plane (F=6.23, p=0.03). For the internal connection, implants placed ata 0, 15
and 30 degree angle produced similar displacement, while for the external connection
implants placed at 0 degrees produced significantly larger displacement, followed by

implants placed at 30 and 15 degrees respectively (Table 4, Figure 57).
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There was no significant interaction between connection type, implant angulation
and tray type with respect to the angular displacement of the implant analogs measured in

the sagital plane (F=0.42, p=0.66) (Table 4, Figure 58).
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Discussion

The accuracy of an implant cast depends on many factors: the type of impression
material, the implant impression technique, the implant angulation, the stone accuracy
and the master cast technique. The ultimate clinical objective should be to fabricate a
prosthesis that seats passively onto the implants. 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. This research study
measured the accuracy of implant impression techniques in vitro, using open and closed
tray techniques with internal and external connection implants placed at various

angulations.

The effect of impression technique on impression accuracy (open vs.
closed)

The data of this research was obtained by performing measurements in 4 views:
horizontal plane, vertical plane, sagital plane and frontal plane. The results show that
there was no difference in the impression accuracy when open vs. closed tray impression
techniques were used except in the horizontal plane where the closed tray produced more

accurate impressions than the open tray.

The results do not support the null hypothesis as the closed tray impression
technique produced a more accurate duplicate cast compared to the open tray technique

in the horizontal plane. These results are in agreement with some studies, which showed
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that the un-splinted coping impression technique (closed tray) gave more accurate results
than the splinted coping techniques (open tray) (Humphries et al., 1990, Burawi et al.,
1997). De La Cruz et al. showed that the open tray method produced a significantly
greater distortion than the closed tray method for measurements in the vertical plane (De

La Cruz et al., 2002).

The data obtained from measurements of discrepancy in the vertical plane and
angular discrepancy in both frontal and sagital plane support the null hypothesis as there
was no significant difference in impression accuracy whether a closed tray or an open
tray impression technique was used. These results are in agreement with some studies,
which showed that there was no significant difference between the open tray and closed
tray techniques (Assif et al., 1992; Assif et al., 1996; Vigolo et al., 2003; Assuncao et al.,
2004; Naconecy et al., 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). Other studies, however, showed that the open tray
technique was more accurate than the closed tray technique. (Carr, 1991; Barrett et al.,
1993; Daoudi et al., 2001; Phillips & Goto, 2002; Assuncao et al., 2004; Daoudi et al.,
2004; Del'Acqua et al., 2008; Assif et al., 1992; Assif et al., 1996; Vigolo et al., 2003;
Assuncao et al., 2004; Naconecy et al., 2004; Vigolo et al., 2004; Cabral & Guedes,
2007; Filho et al., 2008). These varying results are most likely due to the different study
designs used and different implant systems, components, implant number, degree of

angulation and impression material used.
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In this study, polyether impression material was used. This material exhibits very
good resistance to deformation as compared to other elastic impression materials, which
may have contributed to the accuracy of the closed tray impression technique. Further,
because of the configuration of the closed tray impression copings used in this study for
both external and internal connection implants, it was easy to reposition the impression
copings into the impression. This may have further contributed to the superior accuracy
of closed tray impression technique.

A possible explanation for the significantly larger displacement noticed in the
horizontal plane when using the open tray technique could be due to the polymerization
shrinkage of the GC pattern resin used to splint the open tray copings. The dimensional
changes due to polymerization shrinkage was minimized in this study by sectioning the
GC resin connecting the impression copings with a thin diamond disk after initial setting
and then 24 hours later reconnecting the small gaps with additional resin. Studies have
shown that 80% of poly-methyl-methacrylate resin polymerization reaction occurs within
17 minutes at room temperature and that no significant additional shrinkage occurs after
24 hours (Mojon et al., 1990). A limitation of this study is that the GC resin was applied
with the brush technique, which does not allow for a precise powder-liquid ratio

recommended by the manufacturer and may therefore result in more shrinkage.

The interactions observed between the impression technique (open vs. closed
tray) and the implant angulation in the horizontal and vertical planes do not support the

null hypothesis:
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(1) The largest horizontal displacement with both open and closed trays was observed for
implants placed at 0 degrees, followed by implants placed at 15 and 30 degrees
respectively. The open tray produced a larger displacement than the closed tray for the 0
and 15-degree implants, however, it produced a smaller displacement for the 30-degree

implants.

The fact that the 0-degree implants produced the largest horizontal displacement could be
attributed to the method of tray removal after the impression material had fully set. The
tray was removed in a posterior to anterior direction, simulating clinical situations.
Although the 0-degree implants are placed perpendicular to the horizontal plane and to
the plane of the cast, the path of withdrawal was not in a purely vertical direction, but in
an arc, having the 0-degree implants positioned against the path of tray withdrawal. The
resultant discrepancy can be due to the increased displacement of the impression material

during the impression removal process.

(2) The open tray impression technique produced the largest vertical displacement when
used for implants placed at 15 degrees. The closed tray impression technique produced
similar vertical displacement when used with implants placed at either 0 degrees, 15
degrees and 30 degrees. These findings are surprising as it was expected that the steeper
the angle, the less accurate the impression. Further studies are needed to investigate the

effect of implant angulation on the accuracy of impressions.

The interactions observed between the impression technique and the implant
angulation measured as angular discrepancy in the frontal and sagital plane show that

there was no significant interaction between implant angulation and tray type.
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These above findings show that although there was significant displacement of
the analogs in the horizontal and vertical plane, there was no significant displacement of
the analogs’ position relative to themselves. This can be interpreted as a possible bodily
movement of the impression coping during the impression making procedure, rather than
a tilting movement that could potentially happen during pouring of the stone into the

impression.

Although there are no studies that analyzed impression accuracy in four
different views, Conrad et al looked at the combined interaction of implant angulation
and impression technique, however found no significant differences. The findings from
the present study are not in agreement with some previous literature (Conrad et al.,
2007). This could be due to the fact that they used only 3 implants with an internal

connection only.

The effect of connection type on impression accuracy (internal vs.
external)

The results of this study showed that the connection type had a significant
effect on the accuracy of impressions measured as displacement of implant analog
position in the horizontal plane. External connection implants produced a significantly
larger displacement compared to the internal connection implants, whereas measurements
of displacement in the vertical plane and angular displacement in a sagital plane showed
that internal connection implants produced a significanly larger displacement than
external connection implants. However, the connection type had no significant effect on

the accuracy of impressions measured as an angular displacement in a frontal plane.
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There are no previous studies that compared impression accuracy of external vs.
internal connection implants. Although mechanical, clinical and microbiological
advantages and disadvantages have been indicated for both external and internal
connection systems, the actual mechanical implications and effects on accuracy of
impressions have yet to be determined. Unscrewing the guide pins from the impression
copings when the tray is removed or screwing the implant analogs into the impression

copings may cause minor movement and thus influence cast accuracy.

A higher level of stress between impression material and impression coping is
created when an impression coping is removed from an internal connection implant.
There could hypothetically be more permanent deformation of the impression material or
movement of the coping inside the material. The removal of rigidly splinted internal
connection impression copings may not be possible when the angulation of the implants

is extreme.

The interactions observed between the connection type and impression
technique in the horizontal and vertical plane do not support the null hypothesis. The
internal connection implants showed similar horizontal displacement regardless of the
impression technique (open or closed), but significantly larger vertical displacement
when an open tray impression technique was used. The external connection implants
showed larger horizontal displacement when an open tray was used and larger vertical

displacement when a closed tray was used.

The interactions observed between the connection type and impression

technique measured as angular discrepancy in the frontal and sagital plane show that
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there was no significant interaction between connection type and tray type with regards to

the measured angulation discrepancy.

The above results show that there was a significant displacement created by the
impression and duplicated model making procedures in the horizontal and vertical planes.
The difference in the geometry of the connection design could play a significant role in
the above results. The internal connection has an increased area of intimate contact
between the impression coping and the implant itself or implant analog. This facilitates
the placement of the analog into the impression coping prior to the stone pouring
procedure. This could explain why the internal connection showed smaller displacement

compared to the external connection in some situations.

The effect of implant angulation on impression accuracy (0,15,30
degrees)

The data obtained from measurements of discrepancy in the horizontal plane
showed that implants placed at 30 degrees produced less displacement than implants
placed at 15 degrees, which in turn produced less displacement than implants placed at 0
degrees, while measurements of discrepancy in the vertical plane showed that implants
placed at 30 degrees produced less displacement than implants placed at 0 degrees which

in turn produced less displacement than implants placed at 15 degrees.

Measurements of angular displacement of the implant analogs in the frontal
plane showed that implants placed at 0 degrees and 15 degrees produced similar
displacements, which was less than implants placed at 30 degrees (p<0.0001), while

measurements in the sagital plane showed that implants placed at 30 degrees and 15
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degrees produced similar displacement; implants placed at 0 degrees angle had

significantly greater discrepancy than the implants placed at 15 degrees.

These results are in agreement with some previous studies, which proved that
increasing divergence or convergence of implants will have detrimental effects on
impression accuracy (Carr, 1991; Assuncao et al., 2004). Other studies reported no

angulation effect on the accuracy of impressions (Choi et al., 2007; Conrad et al., 2007)

The interactions observed between connection type and implant angulation in the
horizontal plane do not support the null hypothesis. Implants placed at O degrees
produced the largest horizontal displacement compared to implants placed at 15 or 30
degrees regardless of the connection type. Implants placed at 15 degrees produced larger
horizontal displacement with an external connection vs. the internal connection. Implants
placed at 30 degrees the smallest horizontal displacement, which not significantly

different for internal and external connections.

The interactions observed between connection type and implant angulation in
the vertical plane do not support the null hypothesis. Internal connection implants placed
at 15 degrees produced the largest vertical displacement. In the frontal plane there was no
significant interaction between connection type and implant angulation in the resulting
angulation discrepancy. In the sagital plane external connection implants produced the
largest displacement when implants were placed at 0 degrees, followed by 30 and 15

degrees respectively.
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Up to date there are no research studies in the literature that combined different

types of connection with different implant angulations.

The difference in the geometry of the connection design in conjunction with the
different angulation of the implants possibly played a significant role in the above results.
Due to the increased area of intimate contact between the internal connection impression
coping and the implant itself or implant analog, the removal of the impression from the
master cast could be more challenging. Theoretically, more force should be required to
remove an engaging impression coping from an internal vs. an external connection
implant. However, in this study the internal and external connection implants were
located in the same master model, so there was approximately equal force of impression
removal on both internal and external implant copings. The fact that the internal
connection showed smaller displacement overall than the external connection, could also
be explained by the usage of polyether impression material which has increased rigidity
and good elastic recovery after deformation. These properties could have counteracted
the greater displacement of the internal connection that occurred during impression

removal, especially as the implant angulation increased.

The effect of the interactions between the impression technique (open
vs. closed tray), type of connection (internal vs. external) and implant
angulation (0,15,30 degrees) on impression accuracy

The interactions observed between connection type, implant angulation and tray
type and the resulting discrepancy in the horizontal plane do not support the null
hypothesis. Implants placed at 0 degrees produced the largest horizontal displacement

regardless of the tray type or connection type, whereas implants placed at 30 degrees



produced the smallest horizontal displacement regardless of the tray type or connection
type. External connection implants placed at 15 degrees produced larger displacement

with the open tray vs. closed tray.

In the vertical plane, internal connection implants placed at 15 degrees when an
open tray technique was used produced the largest vertical displacement. Internal
connection implants placed at 15 degrees with a closed tray technique produced similar
displacement as implants placed at 0 degrees and 30 degrees regardless of the impression
technique. External connection implants, regardless of the angulation or impression

technique produced similar vertical displacement.

There were no significant interactions observed between connection type,
implant angulation and tray type and the resulting angulation discrepancy in the frontal

and sagital plane.

There is no study in the literature comparing the open tray and closed tray
techniques using external connection implants versus internal connection implants with
various degrees of angulation. This research study is unique in its ability to analyze

multiple variables simultaneously, which is the most encountered clinical situation.

Errors could be easily introduced during any of the steps required to make an

implant master cast. There could be errors due to the dimensional changes of the

impression material, inaccurate repositioning of impression copings, improper connection

of components and dimensional changes of the stone used to fabricate the master cast.
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One limitation of the current study is that it did not simulate the oral
environment. Although the majority of the previous studies also did not create an
experimental environment that mimicked the oral cavity, Carr et al. used polyether
impression material to make impressions at 37F and in a near 100% humidity (Carr et al.,
1991). This might influence the properties of the impression material. Also, no
disinfection of the impressions was performed which does not mimic the regular clinical

procedures.

Out of all the impression materials available, polyether was used due to its great
rigidity, which provided the best resistance to coping displacement in the impression.
Because of its favorable properties polyether has been recommended as an impression
material for edentulous, multiple implant-retained restorations and it was selected as the
material of choice for this study. However, due to its great rigidity, polyether has many
clinical limitations, as it is very difficult to use when undercuts are present as well as
when there is a great degree of divergence between implants which can create great

difficulty in impression removal.

The number of implants used might have an effect on the accuracy of the
impression procedure. Most of the previous research studies used up to 3 implants per
master model. When less implants are being used, the angulation effect could be
compensated by the elastic recovery of the impression material. Also, there are situations
when implants are placed at different angulations that create a more divergent profile
rather than convergent. This situation is particularly difficult to manage clinically, as
implant removal becomes challenging. This study increased the number of implants to 6

and had different angulations in the same cast (0,15,30), mimicking common clinical
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situations. The results of this study are limited to 6 implants and may not be relevant for

impressions that have higher or lower numbers of implants.

A possible source of error was the fit of the individual impression copings to the
implants or implant analogs. Many factors contribute to 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 to 33.1 um.

Most previous studies measured linear discrepancy between the definitive cast
and experimental model at the connection level. Even though 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).

The degree of misfit between implant components was minimized in this study
by the use of actual implants in the master cast and new analogs for each duplicate cast.

This is also an important factor that simulates common clinical situations.

The crucial issue with any design is the effect of the design and its machining

tolerances in maintaining stability of the screw joint. A more accurate fit will improve
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force distribution to the supporting bone, allow less relative movement of the abutment to
the implant fixture, and reduce the potential for screw loosening and bending. The design
of the implant connection is particularly important. A longer connection has been
suggested to reduce screw loosening and bending. Short, narrow connection geometry
appears to be particularly vulnerable to loosening because of the limited engagement of

the external member and the presence of a short fulcrum point.

Another possible limitation of the current study lies in the measurement
protocol. Although no specific method has been proven to be superior, the measurement
of distortion is greatly influenced by the experimental methods and operator reliability
(Nicholls et al., 1977). Barrett et al used absolute distortion analysis, whereby the points
of reference were kept outside the distorting medium. The points of reference in this
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. A limitation of the measuring protocol was the
fact that it very difficult to remove the tray due to the increased rigidity of the polyether
impression material. The direction of tray removal was from posterior to anterior,
mimicking a clinical situation. However, the closed tray impressions were much more
difficult to remove than the open tray impressions. Within the open tray impressions, the
side of the cast containing the internal connection implants was more difficult to remove
than the side containing the external connection implants. The force and direction of

removal was not always consistent.

One of the most critical aspects of the measurement protocol was the precise

same position of the casts for the photographs taken. Although proper care was taken to
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assure the exact location of each cast, there could be inaccuracies in the positioning of the
casts due to the elasticity of the putty matrices used in the process and the multiple steps

performed.

More research is needed to better refine the impression making protocol. The
current study included many variables that created a multitude of interactions. Although
this situation best mimics a clinical situation, it can create difficulties in interpreting the
results. A future study could replicate the current one with a higher sample size and a

consistent impression removal protocol, ideally performed by a machine.

The impression material used in this study (polyether) has good properties for
closed tray impressions, due to its rigidity, which prevents movement of the copings and
permits accurate repositioning of the coping into the impression. However, the same
rigidity can limit the use of polyether impression material to edentulous arches and
implants placed with similar degree of angulation. Otherwise, the removal of the
impression tray can be very difficult if not impossible. Due to this limitation of the
polyether, a future study could be done using a different impression material, or

combination of impression materials such as a light body/ heavy body vinylpolysiloxane.

In clinical situations it is somewhat rare to encounter both external and internal
connection implants in the same arch. A potential future research could analyze the
accuracy of implant impressions made at different angulations with the same type of

connection.

An exact reproduction of implant position was never accomplished in this study.

The discrepancies found (no more than 80 um or 4.5 degrees) would clinically result in a
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misfit of the prosthesis fabricated on the master cast and potential need for soldering
procedures. The results of this study show that it is impossible to create an exact
duplicating of the implant position, which implies that clinically a precise fit may not be
possible. Future advances in technology such as digital impressions and a CAD/CAM
system that produces implant parts with minimum machining tolerance may solve this

problem
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Conclusions

This in vitro study demonstrated that the significant differences occurred mostly
in the horizontal and vertical views. The results for angulation discrepancy in the frontal
and sagital views were not statistically significant. The accuracy of the implant
impression was not affected by the type of impression technique, except in the horizontal

view when the open tray technique was less accurate than the closed tray.

There was no particular pattern for impression accuracy of internal vs. external
connection implants or with changing implant angulation. Overall, the implants angled
opposite to the path of custom tray withdrawal from the cast showed the most

displacement and least accuracy.

Clinically, the results from this study suggest that when dealing with full arch
implant restorations it is most beneficial to have the implants as parallel to each other as
possible and to remove the custom tray along the same path as the implant angulation.
The splinted open tray technique is time consuming and it might not result in a more
accurate master cast. Open or closed tray techniques can be used, however, the master

cast should always be verified before fabricating the final prosthesis
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Table 1: Studies comparing accuracy of splint vs non-splint impression techniques

Author/ year

Splint method

Impression accuracy

Spector et al/ 1990

Splinted with Duralay

No difference

Humphries et al/ 1990

Splint 30 min before impression

No difference

Fenton et al/ 1991

Splint better

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

No difference

impression
Phillips et al/ 1994 splint Non-splint better
Assif et al /1996 -splint Splint better

-splint copings to custom tray

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

Vigolo et al/ 2003 Splint 1 day before impression, section, then rejoin Splint better
just before impression

Vigolo et al / 2004 Splint 1 day before impression, section, then rejoin Splint better
just before impression

Assuncao et al/2004 Splint Splint better

Kim et al/ 2006 Splint, section, then rejoin before No difference
impression

Assuncao et al/ 2008 -splint with resin Splint better
-splint with resin bar, then joined

Cabral et al/2007 -Splint 3 min before impression Splint better

-Splint 17 min, section, then rejoin before impression

Choi et al/2007

Splint, section, then rejoin 15 min before impression

No difference
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Filho et al/ 2008

-splint with resin

-splint with prefabricated acrylic resin bar

Splint better




Table 2: ANOVA Table for Horizontal Displacement

Variable Mean (mm) SD F P
Tray Type
Open 0.26™ 0.16 9.66 0.002
Closed 0.21° 0.19
Connection Type
Internal 0.26" 0.26 65.94 0.0001
External 0.17° 0.12
Angle
0 0.4* 0.13 141.83 0.0001
15 0.23° 0.18
30 0.08° 0.07
Tray Type * Connection Type 13.19 0.0001
Tray Type * Angle 9.375 0.0001
Connection Type * Angle 23.86 0.0001
Connection Type * Tray Type *
Angle 5.21 0.007

* Groups modified with the same letter are not significantly different




Table 3: ANOVA Results for Vertical Displacement

Variable Mean (mm) Sd F p
Tray Type
Open 0.23" 0.26 3.19 0.076
Closed 0.19* 0.14

Connection Type

Internal 0.26" 0.26 24.61 0.0001

External 0.17° 0.12

Angle

15 0.33* 0.13 50.47 0.0001

0 0.19° 0.29

30 0.13¢ 0.09
Tray Type * Connection Type 36.73 0.0001
Tray Type * Angle 79.11 0.0001
Connection Type * Angle 27.42 0.0001

Connection Type * Tray Type *
Angle 26.81 0.0001

*  Groups modified with the same letter are not significantly different




Table 4: ANOVA Results for Angular Discrepancy in Frontal Plane

77

Variable Mean (degrees) Sd F p
Tray Type
Open 1.17% 0.9 3.76 0.06
Closed 1.46° 1.21
Connection Type
Internal 1.34° 1.11 0.11 0.74
External 1.29° 1.04
Angle
30 2.14° 0.92 33.01 0.0001
15 1.09° 0.67
0 0.72° 1.05
Tray Type * Connection Type 0.22 0.64
Tray Type * Angle 2.03 0.14
Connection Type * Angle 0.27 0.76
Connection Type * Tray Type *
Angle 48 0.62

* Groups modified with the same letter are not significantly different




Table 5: ANOVA Results for Angular Discrepancy in Sagital Plane

78

Variable Mean (degrees) Sd F p
Tray Type
Open 1.98" 1.04 3.61 0.06
Closed 2.3° 1.21
Connection Type
Internal 2.28° 1.15 15.65 0.0001
External 1.8° 1.03
Angle
0 2.43° 1.04 3.91 0.02
30 2.14%° 1.14
15 1.84° 1.18
Tray Type * Connection Type 0.74 0.39
Tray Type * Angle 6.23 0.003
Connection Type * Angle 0.28 0.76
Connection Type * Tray Type
* Angle 0.42 0.66

*  Groups modified with the same letter are not significantly different



Figure 1: Vertical Milling Machine
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Figure 2: Internal Connection Implant (Nobel Replace, [RP, 4.3 mm]; Nobel Biocare)
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Figure 3: External Connection Implant (Branemark System, [RP, 4.3 mm]; Nobel Biocare)
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Figure 4: Master Cast




Figure 5: Frontal Index
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Figure 6: Lateral Index
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Figure 7:

Custom Tray- Anterior Indices
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Figure 8: Custom Tray-Posterior Index
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Figure 9: Open Tray
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Figure 10: Closed Tray External Connection Impression Coping
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Figure 11: Closed Tray Internal Connection Impression Coping
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Figure 12: Open Tray Internal Connection Impression Coping
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Figure 13: Open Tray External Connection Impression Coping
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Figure 14: Closed Tray Set-up




Figure 15: Open Tray Impression Set-up
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Figure 16: Open tray-Boxing Wax
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Figure 17: Open Tray Impression
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Figure 18: Open Tray Impression with Analogs
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Figure 19: Closed Tray Impression
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Figure 20: Closed Tray Impression Coping with Analog
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Figure 21: Closed Tray Impression with Analogs
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Figure 22: Photography Set-up
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Figure 23: Putty Matrix
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Figure 24: Putty Matrix-Cast- Stone Index Assembly
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Figure 25: Putty Matrix-Cast Assembly Separated
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Figure 26: Putty Matrix for Frontal and Lateral Views
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Figure 27: Horizontal Measurements

- B R I T o TEET S TR - e



106

Figure 28: Sagital Measurements




107

Figure 29: Frontal Measurements for Depth and Angulation
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Figure 30: Frontal Measurements for Angulation
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Figure 32: The Effect of Connection Type on Impression Accuracy as Determined in the Horizontal Plane
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Figure 33: The Effect of Implant Angulation on Impression Accuracy as Determined in the Horizontal
Plane
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Figure 34: The Interaction between Connection Type and Tray Type and its Effect on Impression Accuracy

as Determined in the Horizontal Plane
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Figure
Accura
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Figure 36: The Interaction between Connection Type and Implant Angulation and its Effect on Impression
Accuracy Measured in the Horizontal Plane
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Figure 37: The Interaction between Connection Type, Tray Type and Implant Angulation and its Effect on
Impression Accuracy Measured in the Horizontal Plane
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Figure 38: The Effect of Tray Type on Impression Accuracy as Determined in the Vertical Plane
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Figure 39: The Effect of Connection Type (Internal vs. External) on Impression Accuracy as Determined in
the Vertical Plane

F=24.6, p<0.0001

0.4 7

0.3 7

Vertical Discrepancy (mm)

0.0 T
Internal Connection External Connection

Connection Type

*groups under the same bar are not significant



118

Figure 40: The Effect of Implant Angulation on Impression Accuracy as Determined in the Vertical Plane
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Figure 41: The Interaction between Connection Type and Tray Type and its Effect on Impression Accuracy
Measured in the Vertical Plane

F=36.72, p<0.0001
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Figure 42: The Interaction between Tray Type and Implant Anglulation and its Effect on Impression

Accuracy Measured in the Vertical Plane
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Figure 43: The Interaction between Connection Type and Implant Angulation and its Effect on Impression

Accuracy Measured in the Vertical Plane
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Figure 44: The Interaction between Connection Type, Tray Type and Implant Angulation and its Effect on
Impression Accuracy Measured in the Vertical Plane
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Figure 45: The Effect of Tray Type on Impression Accuracy as Determined in the Frontal Plane
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Figure 46: The Effect of Connection Type on Impression Accuracy as Determined in the Frontal Plane
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Figure 47: The Effect of Implant Angulation on Impression Accuracy as Determined in the Frontal Plane
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Figure 48: The Interaction between Connection Type and Tray Type and its Effect on Impression Accuracy
Measured as Angular Discrepancy in the Frontal Plane
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Figure 49: The Interaction between Tray Type and Implant Anglulation and its Effect on Impression

Accuracy Measured as Angular Discrepancy in the Frontal Plane
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Figure 50: The Interaction between Connection Type and Implant Angulation and its Effect on Impression
Accuracy Measured as Angular Discrepancy in the Frontal Plane
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Figure 51: The Interaction between Connection Type, Tray Type and Implant Angulation and its Effect on
Impression Accuracy Measured as Angular Discrepancy in the Frontal Plane
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Figure 52: The Effect of Tray Type on Impression Accuracy as Determined in the Sagital Plane
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Figure 53: The Effect of Connection Type on Impression Accuracy as Determined in the Sagital Plane
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Figure 54: The Effect of Implant Angulation on Impression Accuracy as Determined in the Sagital Plane

F=3.91, p=0.022
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Figure 55: The Interaction between Connection Type and Tray Type and its Effect on Impression Accuracy
Measured as Angular Discrepancy in the Sagital Plane
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Figure 56: The Interaction between Tray Type and Implant Angulation and its Effect on Impression

Accuracy Measured as Angular Discrepancy in the Sagital Plane
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Figure 57: The Interaction between Connection Type and Implant Angulation and its Effect on Impression

Accuracy Measured as Angular Discrepancy in the Sagital Plane
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Figure 58: The Interaction between Connection Type, Tray Type and Implant Angulation and its Effect on
Impression Accuracy Measured as Angular Discrepancy in the Sagital Plane

F=0.42, p=0.66
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