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ABSTRACT
Background: Accurate recording of implant location is required for a successful definitive 

restoration. 

Aim: This study was conducted to compare the accuracy of two implant impression techniques 
(direct and indirect) in transferring implant positions to the master casts in comparison to implant 
position in patients’ mouth using radiographic imaging.

Materials and Methods: Ten completely edentulous male patients were selected. 2 Root-form 
implants 3.7 mm in diameter and 16 mm in length were utilized in this study in the canine regions. 
For each patient two special trays were fabricated, one for the registration of direct impression 
technique and the other for the indirect impression technique. Cone beam computed tomography 
(CBCT radiograph) was done for all patients, the casts obtained from direct and indirect implant 
impression techniques were taken to evaluate the accuracy of the two impression techniques 
in comparison with the patients’ radiographs regarding the distance between the implants. The 
horizontal dimensional accuracy of the impression techniques was determined by measuring the 
inter-implants’ distance in the x-axis between the copings. Measurements were done on radiographic 
images of the following; casts obtained from direct impression technique, casts obtained from 
indirect implant impression technique and radiographs of patients.

Results: The mean and SD values of casts radiographs obtained from both impression tech-
niques and from patients’ radiographs were calculated. Group I (Deviation of distance between di-
rect impression technique and patients’ radiograph) had a mean value of 1.45mm (SD 0.03); Group 
II (Deviation of distance between indirect impression technique and patients’ radiograph) had a 
mean value of 2.08 mm (SD 0.04). The direct impression technique showed more accurate results. 

Conclusion: Casts obtained from the direct impression technique were significantly more 
accurate than those obtained from indirect impression technique. Comparison of both impression 
techniques retrieved from patients in relation to patients’ CBCT provided more reliable results than 
in vitro studies. So this study suggests that direct impression technique is more accurate.

KEY WORDS: impression coping, impression technique, impression accuracy, implant misfit, 
direct impression technique, indirect impression technique.  
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INTRODUCTION 

Recently, dental implants have been widely used 
for the rehabilitation of partially and completely 
edentulous areas. Dental implants can be used to 
retain single crowns, fixed partial dentures, full 
arch bridge and removable prostheses. The use of 
dental implants is now well established and high 
survival rates have been reported. Implant dentistry 
now forms a significant part of general dental 
practice and patient awareness is progressively  
increasing (1-7)  

The success of implant-supported restorations 
relies on how well hard and soft tissue information 
is transferred to the laboratory (8). The accuracy 
of dental impressions of the implant position and 
surrounding hard and soft tissues is essential to 
fabricating an esthetic and biologically functional 
final restoration. Obtaining an accurate impression 
is influenced by a several factors, including number 
of implants, implant angulation, use of coping 
splinting, material choice, type of impression trays 
and impression copings used (9-12). 

An accurate implant impression is a vital 
prerequisite for obtaining an accurate master 
cast which is the key for the fabricating an 
accurately fitting successful prosthesis. However, 
dimensional changes occur due to the contraction 
in the impression material which is initiated by 
polymerization reaction with formation of volatile 
materials and by-products, pressure applied during 
impression and impression techniques. Making a 
precise mold of implant is necessary for passive 
fitness in which implant body shows adequate fitting 
for simultaneous adaptation and remodeling (13-15). 

Making a superstructure with passive fitness is 
one of the main objectives during implant-based 
prosthesis (16). However, Errors in the implant 
impression procedure during the fabrication of 
the definitive cast can cause misfit of the implant 
superstructure which increases the risk of biologic 
and mechanical failures (4,17,18). It was stated that the 

forces created in the implant due to non-passive 
nature of the superstructure is able to establish 
stresses at the implant/bone interface which may 
eventually lead to fixture loosening, abutment and 
restoration fracture (19,20). Also, it causes ischemia 
within peri-implant tissue and subsequent healing 
with non-mineral tissue around the implant which 
may subsequently lead to resorption of the bone 
surrounding the implant. Therefore, failing to 
achieve passive fitness will incur stress on implants 
which can finally lead to failure of the treatment 
(16). Thus, the fabrication of a precise definitive cast 
that exactly transfers the intraoral position of the 
implant or abutment is essential for the long-term 
stability of the implant prosthesis (21). 

In implant dentistry, several impression 
techniques have been advocated to achieve a 
definitive cast that will ensure the passive fit of 
prosthesis on osseointegrated implants. The two 
basic impression techniques that are currently in use 
for transferring implant positions from the mouth to 
the cast include direct (also known as pick-up or 
open tray impression techniques because the tray 
has an open window for unscrewing the guide pins 
of the impression copings.) and indirect (also known 
as transfer or closed tray impression techniques) (8, 

22). In the direct impression technique, impression 
copings remain in the impression while it is 
removed from the mouth. Conversely, in the indirect 
impression technique, copings remain attached 
to the implants intraorally when the impression 
is removed from mouth and are transferred to the 
impression in a second step (23). 

The indirect technique may be less difficult 
clinically; however, it has been shown to have 
greater instability in transferring the implant 
position. In the direct technique the impression 
coping lies within the impression so this reduces the 
effect of implant angulation, the deformation of the 
impression material upon recovery from mouth and 
removes the concern for replacing the coping back 
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into its respective space in the impression (24).  

Studies have found no preferences in terms 
of the impression technique used (9,25). Both the 
direct and indirect techniques are routinely used 
in dental practice (26). Some researchers favored 
direct impression technique as they claimed that 
the relationship between the impression coping 
and the bulk of impression material is critical to 
accuracy, especially when the implant analog and 
the impression coping are assembled before pouring 
the cast (20, 27-29). The use of  indirect impression 
technique was chosen by other investigators as 
it is more effective in certain clinical situations, 
including patients with limited inter-arch space, a 
strong gag reflex, or limited mouth opening where 
access to the implant fixture is difficult (8). In addition 
to that, indirect technique is an easy and simple 
technique ideal for single implant impressions and 
multiple parallel implants in patients with limited 
mouth opening (30).

Most research work regarding accuracy of 
implant impression techniques are done in vitro on 
casts, however, this study is among few research 
work that is done on patients. The purpose of this 
study is to compare the accuracy of two implant 
impression techniques (direct and indirect) in 
transferring implant positions to the master casts in 
comparison to implant position in patients’ mouth 
using radiographic imaging.

The null hypotheses proposed that no dimensional 
difference will result between the casts fabricated 
from the direct and indirect impression techniques 
in comparison to radiographic image of the patient.

SUBJECTS AND METHODS

Study sample: Ten completely edentulous male 
patients were selected from the Out-Patient Clinic 
of Prosthodontic Department; Faculty of Dental 
Medicine, Al-Azhar University, Girls’ Branch. 
Patients’ age ranged from 50-65 years, they were 
free from systemic diseases that might interfere 

with osseointegration of implants or contraindicate 
surgical procedures as:

1. Uncontrolled diabetes.

2. Hemophilia, bleeding disorders or 
anticoagulant therapy.

3. Metabolic bone disorders.

4. Patients affected by sever chronic renal or 
hepatic diseases.

5. Heavy smokers.

6. Patients recently received local radiotherapy to 
the head and neck region.

In addition, psychiatric handicaps who cannot 
tolerate long surgical procedures or maintain good 
oral hygiene and patients with high frenal or muscle 
attachment, macroglossia or tight lower lip were 
also excluded.

Methods:

Patient examination: Thorough medical and 
dental history were taken from the patients, each 
patient was asked about the date and cause of ex-
traction of the last mandibular canine which should 
be at least 6 months before insertion of the implants. 
Construction of radiographic template with two 
metal standardized marking spheres of 4mm diam-
eter fixed at canine areas on each side of the trans-
parent template was done. After that, Cone beam 
computed tomography (CBCT) (Planmeca Promax 
3D, Finland) radiographs were carried-out for ev-
ery patient with the template in place showing the 
position of the balls (implant potential site). After 
the preoperative radiographs were taken, the radio-
graphic template was modified to a surgical tem-
plate by removing the metallic spheres and making 
circular holes at the canine areas on each side of the 
transparent template. 

Surgical procedures: 2 Root-form implants 3.7 
mm in diameter and 16 mm in length (Legacy 1 im-
plant Direct LLC, Malibu Hills, CA 91301, USA) 
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were utilized in this study in the canine regions. The 
surgical stent was firmly seated over the mandibular 
residual ridge for starting the surgical preparation 
with pilot drill through the surgical guide at the pre-
viously determined implant site, the following drill 
2.3 mm diameter was used to widen the osteotomy 
site till it reached 16 mm in depth then followed by 
2.8 mm drill diameter and the final drill used was 
3.4 mm diameter. The drilling speed was adjusted 
at 1100 revolutions per minute (RPM) and the re-
duction hand piece (1:16) was used for the prepara-
tion of the osteotomy sites; parallelism was verified 
using paralleling rods. The implants were inserted 
manually then by the ratchet until the implants top 
flushed with the alveolar bone surface. Healing 
abutments were screwed into the implants using 
the hex driver. The patients were instructed to eat 
soft diet and not to wear their old dentures only for 
one week and to perform meticulous oral hygiene 
measures. Three months after surgery patients were 
inspected for osseointegration. 

Prosthetic treatment: For each patient, con-
ventional upper denture and lower implant retained 
complete denture were constructed following the 
conventional procedures. For each patient two spe-
cial trays were fabricated, one for the direct impres-
sion technique and the other for the indirect impres-
sion technique as follows:

Direct (open-tray) impression technique: 

The implant areas on cast were covered by two 
layers of baseplate wax to allow uniform thickness 
of impression material. The custom trays were made 
with autopolymerizing acrylic resin and shortened 2 
mm in the periphery. The trays were perforated in 
the region where implants were placed to provide 
access for the pick-up copings.

After healing abutment was removed, the 
transfer copings were seated into the implant 
fixtures and then secured into position by screwing 
the impression posts into the fixtures in the 

patient’s mouth. Two holes of 6 mm diameter were 
perforated in the exact implant position of the tray 
to provide adequate spaces for the transfer copings. 
The impression tray was evaluated intraorally 
to ensure that it was well adapted and that all the 
impression copings protrude through the openings 
in the tray without contacting the acrylic resin 
tray. The tray was then border molded with green 
stick compound. The impression copings were 
placed into the implant. The impression posts were 
tightened using the screwdriver. The regular body 
polyvinylsiloxane impression material (Elite P&P 
Regular body, Zhermack SpA , Italy) was loaded 
inside the impression tray and some impression 
material was meticulously syringed around the 
impression copings to ensure complete coverage 
of the copings with the copings and posts passing 
through the holes.

After setting, the screwdriver was used to loosen 
the impression copings. Then the impression; 
together with the copings in position; was completely 
removed. The corresponding fixture analogs were 
threaded into the impression posts before pouring 
the impression into hard stone using double pouring 
technique. 

Indirect (Closed tray) impression technique:

Healing abutment was removed, then the 
impression copings were placed into the implants and 
the guide screw were tightened using screwdriver. 
The regular body polyvinylsiloxane impression 
material was loaded inside the impression tray as well 
as around the impression copings. Once the material 
was set, tray was removed from the patient’s mouth. 
Impression copings were unscrewed and removed 
from the patient’s mouth and were mounted onto the 
analogs using the guide screw and then repositioned 
in the impression. The impression copings were 
gently pushed until a tactile response of engagement 
is felt. The impression was then poured into hard 
stone using double pouring technique. 
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Each impression of both techniques was 
examined and it was repeated when any kind 
of deficiency was observed including trapped 
air bubbles and leftovers of impression material 
between the coping connection and the analog.

Complete denture construction and pick up tech-
nique of abutment:

The complete denture procedures were completed 
until the patient delivered an upper complete denture 
and lower implant retained complete overdenture.

The healing abutments were removed, ball abut-
ments were placed onto each implant using hex 
driver. The metal housings with the nylon liners 
were attached to the male ball abutments, and a 
chair side auto-polymerized acrylic resin was used 
for direct pick-up of the attachments, the patient was 
instructed to close in the centric occluding relation 
with gentle biting force until complete polymeriza-
tion of the acrylic resin occurred. The overdenture 
was removed from the patient ̓s mouth; excess ma-
terial around the metal housings was trimmed. Any 
roughness or irregularities were removed, finished, 
polished and delivered to the patients. 

Cone Beam Computed Tomography (CBCT) as-
sessment:

CBCT for all patients and casts obtained from 
direct and indirect implant impression techniques 
were taken to evaluate the accuracy of the two 
impression techniques in comparison with the 
patients’ radiographs. 

In order to ensure standardization and that all pa-
tients and casts produced from both impression tech-
niques were positioned on the same relative plane 
and put at same distance to film position, digitali-
zation of implant positions were done using CBCT 
scanning to facilitate accurate linear measurements 
between both copings in casts and patients. 

Evaluation of dimensional accuracy:

The horizontal dimensional accuracy of the im-
pression techniques was determined by measuring 
the inter-implants’ distance in the x-axis between 

the copings using certain reference points (at the 
junction point between the implant fixture and the 
abutment in the patients’ radiographs, and at the 
junction point between the implant fixture and the 
copings in the casts radiographs). Measurements 
were done on radiographic images of patients  
(fig. 1), casts obtained from direct implant impres-
sion technique (fig. 2) and indirect implant impres-
sion techniques (fig. 3). All measurements were 
made 5 times for each reading and the mean value 
was considered. 

Next, deviation of distances between implants 
in the stone casts produced by the two impression 
techniques in relation to the patient radiograph 
was calculated by subtraction of distance in cast 

Fig. (1) Distance (mm) measured between implants in patient’s 
radiograph.

Fig. (2) Distance (mm) measured between implants in 
radiograph image of cast obtained from direct 
impression technique.
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radiograph to distance in patients radiograph. This 
procedure was done with all ten patients.

For standardization purpose, all measurements 
were made by a single operator to avoid inter 
operator error.

Statistical analysis:

The data were collected, tabulated, statistically 
analyzed and presented as descriptive statistics 
(means and standard deviations). Data were explored 
for normality using Kolmogorov-Smirnov test of 
normality. The results of Kolmogorov-Smirnov test 
indicated that most of data were normally distributed 
(parametric data), Difference in accuracy between 
patient’s radiograph and the cast radiograph obtained 
from direct impression technique is designated as 

Group I, while Difference in accuracy between 
patient’s radiograph and the cast radiograph obtained 
from indirect impression technique is designated 
as Group II.  The two groups were analyzed using 
paired t-test between the two groups regarding 
distance deviation of casts radiographs from 
patients’ radiographic measurement. P-values less 
than 0.05 were considered statistically significant. 
Statistical analysis was performed with SPSS 16.0 
(statistical package for scientific studies, SPSS, 
Inc., Chicago, IL, USA) for windows.

RESULTS

The mean and SD values of casts radiographs 
obtained from both impression techniques and from 
patients’ radiographs were calculated and presented 
in (Table 1 and figure 4): Group I (Deviation of 
distance between Direct impression technique 
and patients’ radiograph) had a mean value of 
1.45mm (SD 0.03); Group II (Deviation of distance 
between indirect impression technique and patients’ 
radiograph) had a mean value of 2.08 mm (SD 
0.04). The values are reported along x-axis. When 
comparing both groups, there was a statistically 
significant difference between them. The direct 
impression technique showed less deviation of 
distance in relation to patients’ radiographs, hence 
direct impression technique showed more accurate 
results. 

Fig. (3) Distance (mm) measured between implants in 
radiograph image of cast obtained from indirect 
impression technique.

TABLE (1): The mean, standard deviation and results of accuracy comparison of direct and indirect 
impression techniques in relation to patients (mm).

Group I Group II
Mean difference

Paired t-test

Mean±SD Mean±SD t-value p-value

Mean ± SD 1.45 ± 0.03 2.08 ± 0.04
0.63 ± 0.018 105.654 0.000*

Range 1.40 – 1.50 2.02 – 2.14

Group I: Deviation of distance between direct impression technique and patients’ radiograph.
Group II: Deviation of distance between indirect impression technique and patients’ radiograph. 
*: Significant at P ≤ 0.05 
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DISCUSSION

Clinical experiences emphasize the importance 
of passive fit of the prosthetic superstructure on 
multiple implants. Inaccurate fit of the superstructure 
causes both mechanical and biologic consequences 
that disrupt continuous function of dental implants. 
An important factor that influences precision of 
fit is making an accurate impression that precisely 
transfers the intra-oral position between the implants 
in all dimensions (31-33). 

Because the precise transfer of the three 
dimensional intraoral relationships of implants 
from the mouth to the master cast is a critical step 
to achieve a passive fit (34), choosing impression 
material, impression technique and pouring 
technique was done meticulously. Various 
impression materials were recommended by many 
authors but polyvinylsiloxane and polyether both 
are the material of choice for making accurate 
impression (35). Some studies claimed that no 
significant differences were established regarding 
the choice of impression material (36). In addition 
to that, it was claimed that the accuracy of implant 
impressions is not affected by the type of impression 
material for both partially and completely edentulous  
patients (15). In this study, polyvinylsiloxane was 
chosen as an impression material because it was 

suggested to be more accurate with respect to 
polyether (37). The double pouring technique was 
used in this study to minimize the stone volumetric 
expansion for more accurate results (38).  

Several impression techniques have been 
advocated for implant impressions to obtain 
definitive casts. The selection of an appropriate 
impression technique depends upon various clinical 
situations such as number of implants, splinting 
impression copings (9), implant angulation  (39,40), 
polymerization shrinkage of the impression material,  
setting expansion of the dental stone, and the design 
and rigidity of the impression tray, position in arch, 
interarch space and operator’s choice (41-43). 

The two main impression techniques that are 
mostly used during implant impression are direct 
and indirect impression techniques. Therefore, 
many studies have compared the accuracy of both 
impression techniques and the results were widely 
variable. Some studies found no difference between 
both of them (20, 44-46), some favored the direct im-
pression technique (47-49) and others showed that the 
indirect technique had superior results (26,50,51).

Many studies showed that number of implants 
affects the accuracy of the impression technique 
used. Several investigations advocated the direct 
impression technique when four or more implants 
are employed (52-55). Other investigations agreed that 
direct impression technique is preferred in multiple 
implants with different angulations (9,30,45). On the 
other hand, when using less than four implants, 
some studies advocated the direct impression 
technique (56-57) and others showed no differences 
between both techniques (58,59). 

Most investigations regarding accuracy of 
implant impression techniques are done in vitro 
on casts, however, in our study, the master casts 
were retrieved from an actual patient treatment 
to give actual and more reliable results about 
accuracy of impression techniques. It was claimed 
that discrepancies between direct and indirect 

Fig.  (4): Accuracy comparison of direct and Indirect Impression 
Techniques in relation to patients.
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impression techniques in the in vivo study were six 
times higher than the results reported in the in vitro 
study (60) which explains the higher deviation values 
in this study than other in vitro studies. To ensure 
accuracy of measurements, Cone beam computed 
tomography was used in this study as it is highly 
accurate and reproducible in linear measurements in 
the axial and coronal image planes, and in different 
areas of the maxillofacial region (61).

In this study, the distance between implants in 
the casts of both impression techniques showed an 
increase than the patients’ radiographs. Although 
the increase was not massive for both techniques, 
it was verified that the inaccuracies were in the 
indirect impression technique. Therefore, this study 
revealed that direct impression technique showed 
higher accuracy than indirect impression technique 
when results of both techniques were compared 
with the patients radiographs. Deviation of distance 
between Direct impression technique and patients’ 
radiograph had a mean value of 1.45mm (SD 
0.03), while Deviation of distance between indirect 
impression technique and patients’ radiograph had a 
mean value of 2.08 mm (SD 0.04). These results are 
consistent with many investigations that found that 
the direct impression technique is more accurate 
than the indirect impression technique (9,33,35,62). This 
may be explained by that in the direct impression 
technique, the impression coping lies within the 
impression and this may lead to minimization of 
dimensional changes in impression upon removal 
from patient’s mouth. Furthermore, there is no need 
to screw in coping again as it comes along with 
the impression (30). Moreover, the inaccuracy of 
the indirect technique may arise from nonparallel 
implants or from the apparent deformation of 
a stiff impression material such as polyether. 
Therefore, a more elastic impression material could 
hypothetically reduce the permanent deformation 
of the impression. As the impression coping of 
the direct technique remains in the impression, the 
effect of the implant angulation and the deformation 
of the impression material upon recovery from 

the mouth will be reduced (20,48). Also, the primary 
source of error in the indirect impression technique 
is that there are more chances of dimensional 
changes upon removal from patient’s mouth with 
angulated implants and that copings never returned 
to the original position and this error is increased in 
case of impression with multiple implants leading 
to inaccuracies. Also, the indirect technique had 
discrepancies in axial rotation and inclination of the 
analogs (30,35).

In a systematic review comparing between 
impression techniques for partially and completely 
edentulous patients, it has been stated that direct 
impressions were found to be more accurate than 
indirect impressions for patients with complete 
edentulism, however, it was stated that there is no 
difference in accuracy between direct and indirect 
impression techniques for partially edentulous 
patients (15). 

In contrary to our study, It was found that there 
are many controlling parts during screwing, some 
spatial movement of the impression coping while 
screwing in of implant analog, and blind screwing 
of the implant analog to the impression coping re-
sulting in misfit of components as well as screwing 
of the analog to the coping is done visually. These 
factors favored the use of indirect impression tech-
nique by some authors (26,30,50,51). 

Conversely, in a study made to determine which 
impression techniques resulted in the least three 
dimensional displacement of implant position, it 
was found that there was no significant difference 
between the direct and indirect impression 
techniques (63). Also, the results of a previous study 
showed that although significant difference was 
found in the y-direction between direct and indirect 
impression techniques, there was no statistical 
significant difference in whole dimensions, which 
is inconsistent with several other investigations (20).

These widely different results are likely due 
to the use of different components and study  
designs (64). 
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CONCLUSION

Within the limitations of the present study, it 
could be concluded that:

1. Comparison of both impression techniques 
retrieved from patients in relation to patients’ 
CBCT provided more reliable results than in 
vitro studies. 

2. Impression technique influences accuracy of 
implant transfers.

3- Casts obtained from the direct impression 
technique were significantly more accurate 
than those obtained from indirect impression 
technique. 
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