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Using stereophotogrammetric technology 
for obtaining intraoral digital impressions 
of implants
Guillermo Pradíes, DDS, PhD; Alberto Ferreiroa, DDS; 
Mutlu Özcan, DDS, DMD, PhD; Beatriz Giménez, DDS; 
Francisco Martínez-Rus, DDS, PhD

Restoration of dental implants remains one of the 
most challenging aspects of implant dentistry.1 
Although it is not clear whether prosthetic 
misfit could affect osseointegration,2-4 mechani-

cal complications of implant-supported prostheses can 
be avoided by achieving a good passive fit between the 
framework and the implants.5-7 Passive fit is a difficult 
concept to define.8 Commonly, it is accepted that passive 
fit relates to the gap between the implant or the abut-
ment and the framework, but there is no agreement 
about the acceptable size of the gap, which usually ranges 
between 10 and 150 micrometers.9,10 In short, passive fit 
is the minimum gap that permits a framework connec-
tion without causing strain.

To achieve a correct adaptation between the prosthe-
sis and the implants, the first step is to obtain a highly 
accurate impression. Many clinical factors affect the ac-
curacy of the impressions, such as tray type (for example, 
standard or customized, metal or disposable plastic), 
impression technique (whether one or two steps), 
impression material used and its particular hydropho-
bic or hydrophilic characteristics, mixing methods and 
impression disinfection.11-21 Impressions can be made at 
either the implant level or the abutment level. In both 

Copyright © 2014 American Dental Association. All Rights Reserved.

ABSTRACT

Background. The procedure for making impressions 
of multiple implants continues to be a challenge, despite 
the various techniques proposed to date. The authors’ 
objective in this case report is to describe a novel digital 
impression method for multiple implants involving the 
use of stereophotogrammetric technology.
Case Descriptions. The authors present three cases 
of patients who had multiple implants in which the im-
pressions were obtained with this technology. Initially, a 
stereo camera with an infrared flash detects the position 
of special flag abutments screwed into the implants. 
This process is based on registering the x, y and z 
coordinates of each implant and the distances between 
them. This information is converted into a stereolitho-
graphic (STL) file. To add the soft-tissue information, 
the user must obtain another STL file by using an intra-
oral or extraoral scanner. In the first case presented, this 
information was acquired from the plaster model with 
an extraoral scanner; in the second case, from a Digital 
Imaging and Communication in Medicine (DICOM) 
file of the plaster model obtained with cone-beam com-
puted tomography; and in the third case, through an 
intraoral digital impression with a confocal scanner.
Results. In the three cases, the frameworks manu-
factured from this technique showed a correct clinical 
passive fit. At follow-up appointments held six, 12 and 
24 months after insertion of the prosthesis, no compli-
cations were reported.
Conclusions. Stereophotogrammetric technology is a 
viable, accurate and easy technique for making multiple 
implant impressions. 
Practical Implications. Clinicians can use stereo-
photogrammetric technology to acquire reliable digital 
master models as a first step in producing frameworks 
with a correct passive fit. 
Key Words. Computer-aided design; computer- 
aided manufacturing; implant framework; implant 
impression technique; photogrammetry;  
stereophotogrammetry.
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instances, there are basically three possible impression  
techniques: transfer, pickup and snap-on. Variations and 
combinations of all these techniques that are related to 
different impression materials or even splinted frame-
works may yield changes in accuracy of the impres-
sions.15,22-28 According to the results of a systematic 
review,24 elastomers are the recommended materials to 
be used for implant impressions. For situations in which 
the patient receives three or fewer implants, the results 
of studies showed no difference between the pickup 
and transfer techniques,29,30 whereas for patients who 
required four or more implants, the results of other stud-
ies showed higher accuracy when the splinted pickup 
technique was used.18,31 These impression techniques 
often are difficult, time consuming and inaccurate. In 
addition, patients can experience discomfort and even 
pain during any of these procedures.32

Since the introduction of computer-aided design/
computer-aided manufacturing (CAD/CAM) procedures 
in dentistry,33 different approaches have been developed 
to obtain accurate digital impressions of implants. Two 
alternative methods of capturing data are available: 
digitizing the casts made from conventional impressions 
by scanning them in the dental laboratory (indirect data 
capturing) and performing intraoral scanning (direct 
data capturing).34,35 In indirect data capturing, a conven-
tional elastomeric impression is poured and the resulting 
model is digitized by means of an extraoral scanning 
device.35 On some occasions, the digital file can even be 
obtained by scanning the impression, thus avoiding the 
need for cast fabrication.36 The limitation of the indirect 
technique is that it involves intermediate steps that even-
tually may yield inaccuracies.

Direct data capturing involves the use of an intraoral 
scanner with digital photo or video technology to capture 
images created by the reflection of a laser light against the 
teeth and soft tissues in the mouth. During the last five 
years, dental manufacturers have released new intraoral 
scanning systems,37-40 such as CEREC 3 (Sirona Dental 
Systems, Charlotte, N.C.), E4D (D4D Technologies, Rich-
ardson, Texas), iTero (Cadent, Carlstadt, N.J.), Lava COS 
(3M ESPE, St. Paul, Minn.), Trios (3Shape, Copenhagen, 
Denmark) and 3D Progress (MHT, Verona, Italy).

According to reports of in vitro and in vivo stud-
ies, this new generation of intraoral scanners seems to 
be capable of making accurate digital impressions of 
teeth,38,40-42 but these scanners do not produce reli-
able impressions of multiple implants when they are 
distributed along the whole arch.34 In addition to 
intraoral scanners, other devices have been developed 
that are based on stereophotogrammetric technology. 
Photogrammetry demonstrates a high level of accuracy 
in three dimensions (3-D) in other disciplines such as 
topography, naval engineering and car manufacturing. 
In the simplest example, the distance between two points 
that lie on a plane parallel to the photographic image 

plane can be determined by measuring the distance 
between them, if the scale of the image is known. Ste-
reophotogrammetry, a more sophisticated alternative to 
photogrammetry, estimates the 3-D coordinates of points 
on an object, thus making the procedure quicker.43 To 
our best knowledge, stereophotogrammetry has not been 
used intraorally in conjunction with digital impression 
techniques in dentistry.

Therefore, we undertook a study to introduce a new 
digital impression method that is based on stereopho-
togrammetric technology. In this article, we describe its 
use in three clinical situations; we also present how to 
obtain stereolithographic (STL) files of the implant posi-
tions and how to fabricate CAM milling frameworks on 
the basis of these files.

CASE REPORTS
Case 1. A 55-year-old woman with no medical problems 
was referred by the department of surgery to the prosth-
odontics department at the Complutense University of 
Madrid for prosthetic rehabilitation. Intraoral exami-
nation conducted by one of the authors (G.P.) showed 
six implants (4.1 × 12 millimeters) (Soft Tissue Level 
implants, Straumann, Basel, Switzerland) in the anterior 
mandible. A screw-retained, implant-supported pros-
thesis consisting of a titanium grade V framework was 
indicated. Before starting the treatment, the patient was 
informed about the procedure and signed an informed 
consent form that the university’s ethics committee had 
approved. The laboratory technician milled the frame-
work by using a CAM system and completed it by attach-
ing acrylic resin teeth to the framework in a resin matrix. 
Two of the authors (A.F. and B.G.) used a stereophoto-
grammetry system combined with an extraoral scanner 
to obtain the digital master model. 

First, two dentists (A.F., B.G.) screwed four heal-
ing abutments 4 mm in height (Straumann) into the 
implants, and they obtained alginate impressions of both 
maxilla and mandible. A laboratory technician then 
poured the impressions in plaster and scanned them 
extraorally (D 710 3D Scanner, 3Shape A/S), thus gener-
ating a first STL file. The technician obtained the second 
STL needed by using the photogrammetry system. This 
system consists of three elements: 
da laptop computer with CAD software (PIC Pro, 
Position Implants Correctly [PIC] Dental, Madrid) to 
manage the patient’s personal data, to integrate its virtual 
library information with the STL obtained from patients 
and to design all types of frameworks;
dblack flag-shaped abutments (PIC Abutment, PIC 

ABBREVIATION KEY. CAD/CAM: Computer-aided 
design/computer-aided manufacturing. CBCT: Cone-beam 
computed tomography. DICOM: Digital Imaging and Commu-
nication in Medicine. STL: Stereolithographic. 3-D: Three-
dimensional.
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Dental), each with four white spots that are positioned 
differently in each abutment for unique identification 
purposes (Figure 1);
dan extraoral stereo camera with an infrared flash (PIC 
Camera, PIC Dental) (Figure 2). 

This photogrammetry device takes 64 pictures per 
second, with an error margin of less than 10 µm in less 
than 20 seconds. It identifies the spatial position of each 
implant without making physical contact. The 3-D data 
for each implant are depicted by the main vectors, just as 
are the different angles and distances between the rest of 

the implants. The final information then is stored in an 
STL file, called a PIC file (Figure 3). 

The dentists (A.F., B.G.) began the procedure by 
recording the patient identification data and informa-
tion regarding the type of implant and abutment to be 
used. The dentists then screwed six PIC Abutments 
into the abutments (synOcta, Straumann) and placed 
the PIC Camera about 20 centimeters away from the 
patient’s mouth. In this case, four implants were close to 
each other, so the dentists decided to scan twice, screw-
ing three PIC Abutments to the implants each time to 
facilitate the process. PIC Abutments do not have to be 
used in a specific buccal or lingual position. It also is not 
necessary to position the stereo camera in alignment 
with the abutment. In total, the complete procedure took 
approximately 4.5 minutes. Next, the dentists merged the 
information in the first STL file and the PIC File digi-
tally (Figure 4) by using a best-fit algorithm. Basically, 
the software detects reference points that the STL files 
contain and fits the image obtained with the PIC camera 
with the digital geometry of this abutment. After that, 
the technician again merges this file with the file of the 
digital model of the soft tissues obtained from the plaster 
model, creating an accurate 3-D digital master model.

The laboratory technician determined the informa-
tion about the spatial relationship between the maxilla 
and the mandible—and, therefore, the prosthetic space 
available—by using the previous scan and bite registra-
tion of the patient’s provisional prostheses (Figure 5). 
The software allows the user to build a digital framework 
that works with the planned design. After finishing the 
design, the technician sent the file to the dental labora-
tory electronically. The technician used a computerized 
numerically controlled milling machine with five degrees 
of freedom (Hermle C20, Maschinenfabrik Berthold 
Hermle, Gosheim, Germany) to fabricate the titanium 
framework. Finally, he tested the passive fit of the frame-
work by using the Sheffield test (one-screw test), the 
screw resistance test and the digital alternative pressure 
test (Figure 6).44 In addition, he obtained an orthopan-
tomograph. The dentists (A.F., B.G.) rated the passive fit 
between the framework and the implants highly. They 
noted no tension, misfit or lack of adaptation at the point 
at which the framework was screwed in. To set the resin 
teeth in the proper position, the laboratory techni-
cian obtained a physical master model in ultraviolet 
light–curable acrylic plastic polymethyl methacrylate by 
using a 3-D printer (VisiJet Stoneplast, ProJet 3510, 3D 
System, Darmstadt, Germany). After the patient pro-
vided esthetic approval during the try-in appointment, 
the technician finished the prosthesis and one of the 
dentists (A.F.) screwed it into the patient’s mouth. The 
other dentist (B.G.) performed follow-ups three, six, 12 
and 24 months after the insertion of the prosthesis. No 
screw loosening or any other mechanical and biological 
problems were noted. 

Figure 1. Intraoral view of the Position Implants Correctly (PIC) (PIC 
Dental, Madrid) Abutments placed in the mandible in the patient in 
Case 1.

Figure 2. Extraoral stereophotogrammetry camera (Position 
Implants Correctly [PIC] Camera, PIC Dental, Madrid) at a distance of 
20 centimeters from the patient’s mouth in Case 1.

Figure 3. Position Implants Correctly (PIC) (PIC Dental, Madrid) file 
for the patient in Case 1, showing the angles and distances between 
implants. PIC files are part of PIC Pro software (PIC Dental, Madrid). 
Image reproduced with permission of PIC Dental.
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Case 2. A 55-year-old man with no medical problems 
presented himself for prosthetic rehabilitation of four 
implants (Swiss Plus implant system 3.7 mm × 12 mm, 
Zimmer Dental, Carlsbad, Calif.). The clinician (G.P.) 
used photogrammetry to obtain a 3-D STL file (PIC 
file) of the implants (Figure 7); during the same visit, a 
dental technician made an alginate impression with the 
healing abutments in position and poured it in plaster. 
The complete impression procedure took approximately 
15 minutes. He obtained a second STL file of the plaster 
model by using an extraoral scanner (D710 3D Scanner, 
3Shape). After merging both STL files by using the best-
fit function in the PIC Pro software, the dental techni-
cian obtained a virtual master model. 

A laboratory technician made the virtual design of 
the framework for Case 2 in a different way than in 
the procedure described for Case 1. The dentist (G.P.) 
scanned the provisional removable prosthesis by means 
of cone-beam computed tomography (CBCT), and he 
incorporated the Digital Imaging and Communication 
in Medicine (DICOM) file as a virtual mock-up into the 
previously merged STL files. This allowed the laboratory 
technician to create the framework without the need to 
make a denture base. After the technician designed the 
framework, he used a milling strategy identical to that 
used in Case 1. Two operators (G.P., A.F.) observed a 
passive fit during the systematic clinical testing of the 
framework. Similar to Case 1, neither digital pressure, 
the Sheffield test nor the screw resistance test detected 
any strain, misfit or problems while the operators (G.P., 
A.F.) passively screwed the framework into the implants. 
The laboratory technician printed a physical master 
model by using the same technology as used in the first 
case. After processing the final prosthesis with the resin 
teeth and resin matrix, one of the dentists (G.P.) screwed 
the framework into the implants with a torque wrench at 
30 newtons per square centimeter.

One of the dentists (G.P.) performed follow-up evalu-
ations at three, six, 12 and 24 months after the insertion 
of the prosthesis. He noted no screw loosening or any 
other mechanical and biological problems. 

Case 3. A 36-year-old man with no medical problems 
was referred to the prosthodontics department from 
the oral surgery department at Complutense Univer-
sity for prosthetic rehabilitation. Intraoral examination 
showed eight tissue-level implants in the maxilla and six 
implants in the mandible (Soft Tissue Level I implants, 
Straumann). The patient requested a fixed rehabilitation 
option.

As in cases 1 and 2, initially, a dentist (M.Ö.) screwed 
the flag abutments into the abutments and, by using the 
extraoral stereoscopic camera, obtained the first STL file 
(the PIC file). It is important to note that the PIC Pro 
software allows the patient to move his or her head dur-
ing the impression procedure without affecting the scan-
ning process. If any changes occur in the position of the 

flag abutments, the software detects them and alerts the 
operator. The system will interrupt the process so as to 
avoid producing inaccurate 3-D information; this feature 
guarantees that only accurate files will be processed. In 
fact, in this case, during the scanning process the patient 
moved one of the flags slightly with his tongue, and the 
software issued a warning that allowed us to restart the 
process of obtaining the first STL file.

In this clinical case, instead of making an alginate 
impression to register the topography of the patient’s 
mouth, we used an intraoral scanner (3D Progress, 
Medical High Technologies, Verona, Italy) (Figure 8).  
This intraoral scanner is an open-system device with 
STL output. It takes 14 scans per second and uses confo-

Figure 4. Case 1: best fit of the file with the three-dimensional 
spatial position of the implants and the stereolithographic file. 
The soft-tissue information was obtained by means of an alginate 
impression and the plaster model was digitized by means of an 
extraoral scan. (An intraoral digital scanner also can be used to 
digitize the information.)

Figure 5. Stereolithographic (STL) file of the provisional prosthesis 
for the patient in Case 1. The STL file can enable clinicians to 
determine the prosthetic space and to complete the computer-aided 
design of the framework.

Figure 6. Verification of the passive fit through Sheffield test of 
the framework for the patient in Case 1 obtained by means of the 
photogrammetry technique.

Copyright © 2014 American Dental Association. All Rights Reserved. Copyright © 2014 American Dental Association. All Rights Reserved.
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cal technology without powder. Again, once the final 
merged file was obtained, a laboratory technician de-
signed and milled the framework. He then used a stereo-
lithographic master model and denture base to register 
the occlusal relationship and process the final prosthesis.

As described previously for cases 1 and 2, two opera-
tors (G.P., M.Ö.) carried out clinical passive fit tests. 
They performed follow-up evaluations at three, six and 
12 months after insertion of the prosthesis. They noted 
no screw loosening or any other mechanical and biologi-
cal problems.

DISCUSSION
In implant therapies, obtaining precise frameworks is 
of great importance,1-6 and it requires making reliable 
impressions. In the case series presented here, we suc-
cessfully created accurate CAM frameworks by using an 
intraoral stereophotogrammetry system that allowed us 
to obtain the exact 3-D position of the dental implants. 

Making frameworks by using indirect CAD/CAM 
technology requires making a master plaster model that 

later is digitized by means of an extraoral scanner.45-47 
To digitize implant models via this technology, special 
abutments called “scanbodies” are required. Scanbodies 
have been shown to have limitations.47 Moreover, the 
indirect implant scanning technique has to deal with 
systematic inaccuracies generated at each step related to 
the impression materials used, the impression technique 
(such as the pickup technique and the transfer tech-
nique), the plaster model and scanning process. In fact, 
the direct scanning techniques for teeth were developed 
to overcome the limitations of indirect scanning. Results 
of scientific studies of the latest generation of intraoral 
scanners seem to demonstrate comparable accuracy 
with conventional impression techniques for single 
crowns.41,49,50 To scan implants intraorally, it still is nec-
essary to use scanbodies, which need to have a specific 
geometric design and reflection characteristics to obtain 
an accurate impression. Although scanbodies have been 
used in indirect scanning for years, their use in intraoral 
scanning is practically unknown. Commercial intraoral 
scanbodies for different implants are available, but no 
clinical studies of them other than case reports are  
available. 

Researchers found in a 2012 study that a conventional 
impression and white-light scanning of stone casts 
resulted in a more accurate fit of implant-supported 
prostheses than did scanning scanbodies intraorally.48  
In another study, a digitally coded healing abutment 
(Bellatek Encode Impression System, Biomet 3i, Palm 
Beach Gardens, Fla.) was proposed as an alternative so-
lution to the direct and indirect implant scanning tech-
niques.1 In this system, an encoded abutment is screwed 
into the implant, an alginate impression is made and the 
plaster print left by the abutment is scanned directly and 
interpreted digitally by the CAD/CAM system. So far, 
this technique has been tested in vivo for single implants 
and in vitro for six implants.1,51 In summary, although 
the technical features of the intraoral scanner system are 
being developed quickly, apart from experimental proto-
cols,52 it is not possible to obtain an accurate impression 
of more than three or four implants over the complete 
arch of the maxilla or mandible by using an intraoral 
scanning device.

Photogrammetry is a well known and reliable tech-
nique used in various fields that was introduced to den-
tistry by Lie and Jemt53 in 1994 to analyze the distortion 
of implant frameworks. To date, the technique has been 
used in laboratory studies to measure implant positions 
and fit of prostheses as well as framework deformations 
and mucosal recession.54-57 Jemt55 demonstrated in 1996 
that under laboratory conditions, the 3-D precision of 
implant center-point measurements with this technique 
was on average 12 μm. 3-D information also could be 
linked to a computer for further analysis and verifica-
tion.54,58 Photogrammetry also was proposed for 3-D 
modeling of a patient’s face and tooth arches, occlusion 

Figure 7. Case 2: screenshot of images obtained with the extraoral 
stereophotogrammetry camera. The bars on the bottom left of the 
image indicate the progress of the registration of each implant; if 
some of the bar is not complete, the system issues a warning. Image 
reproduced with permission of Position Implants Correctly (PIC) 
Dental, Madrid.

Figure 8. Case 3: intraoral digital impression of the soft tissues 
obtained with an intraoral scanner that uses confocal technology.

Copyright © 2014 American Dental Association. All Rights Reserved.
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registration, and treatment planning and documen-
tation.59 Yet, the technique never was proposed and 
even was suggested to be infeasible for intraoral digital 
impressions.54

In our case series, a stereophotogrammetry device 
was used for the first time, to our knowledge, for obtain-
ing impressions of implants. In all cases, at least four 
implants were involved. The photogrammetry system 
in our study differs in some critical aspects from the 
intraoral scanning techniques currently in use. Intraoral 
scanners can obtain an STL file with all the mouth to-
pography (that is, teeth and soft tissues), but these scan-
ners define every new 3-D point captured without a fixed 
reference to the rest of the points of the resulting STL 
file. The amount of stitching involved in the scanning 
process produces an STL file that contains a number of 
systematic mistakes. In contrast, the photogrammetry 
system generates information from x, y and z points with 
a fixed relation to the rest of the points so the data are 
interrelated and cannot be separated. The STL file that 
is generated in this way contains information about the 
exact position of all the implants, but it does not contain 
information about the rest of the mouth’s topography 
(that is, existing teeth or soft tissues). Therefore, it is nec-
essary to obtain a second STL file by using an intraoral 
or extraoral scanner or even CBCT. The need for obtain-
ing a second file can be interpreted as a disadvantage or a 
limitation of this photogrammetry system.

In Cases 1 and 2 presented in this article, we obtained 
the PIC file and the second STL file by using an extraoral 
scanner. We obtained the files from alginate impressions 
with conventional healing abutments. In both cases, 
the procedure was simple, comfortable for the patient 
and less time consuming than the conventional pickup 
splinted technique. In Case 3, we obtained the second 
STL file by using an intraoral scanner. To ensure the ac-
curacy of the framework obtained using the photogram-
metry system, we tested passive fit. Completing this step 
is regarded as crucial to prevent biological and mechani-
cal complications.5-7 

Passive fit can be assessed either clinically or in the 
laboratory.60 Our aim was to test the accuracy of the 
frameworks clinically, so we applied the standard tests. It 
has to be emphasized that clinical methods for detect-
ing passive fit of implant frameworks—such as digital 
pressure, visual inspection and radiographs—are not 
perfectly effective in identifying slight inaccuracies. Even 
the Sheffield test and screw resistance test have limited 
accuracy.61 Frameworks that are clinically acceptable 
can exhibit a degree of misfit, so conclusions based on 
clinical methods have to be considered with caution. 
Nevertheless, the lack of any mechanical complications 
noted within one to two years of follow up of the patients 
featured in this case series suggests an accurate passive 
fit to some extent.

CONCLUSIONS
In this case series, the use of an intraoral stereophoto-
grammetry system allowed us to locate the precise 3-D 
position of implants to create an accurate CAD/CAM 
framework, providing accurate passive fit and minimiz-
ing the possibility of posttreatment complications. In 
addition, it is a procedure that can be done quickly and 
is considered to be more comfortable for patients and 
easier for the operators than are other conventional or 
digital impression methods. However, the method still 
requires a second STL file to provide the soft-tissue 
information and the use of special equipment. Q
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