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ABSTRACT
The purpose of this study was to evaluate the accuracy of different digital data acquisition 

workflows for the construction of full arch maxillary implant prostheses.

Material and methods: Five implants were equally distributed in an educational maxillary 
edentulous resin model. Then, five scan bodies were attached to the implants and scanned by a 
3D industrial scanner for reference STL file. This research investigated four different methods 
for data acquisition. It included 4 groups, Pentamix: conventional impressions were taken by 
vinylpolysiloxanesilicone VPS (Pentamix) and poured into a cast,  Identium: impressions were 
taken by vinylsiloxanether (VSE Identium) and poured into cast, TRIOS 4: Trios 4 intraoral scanner 
was used to scan the model after attaching the scan bodies and Primescan: Primescan intraoral 
scanner was used to scan the model as same steps as TRIOS 4. Each group was further divided 
into splinted and non- splinted. Forty eight scans (12 scans for each group) of the casts which were 
obtained by the conventional impression were done using the industrial scanner. Forty eight scans 
(12 scans for each group) were directly obtained from scanning of the educational model. Accuracy 
were measured and compared to the reference STL file using color mapping geomagic control x 
software.

Results: Statistically significant difference between the acquisition technique and between 
splinting and non-splinting technique was reported with (p<0.001). However, the differences 
between both Pentamix and Identium was (p=0.635) and both digital intra oral scanning ISO 
techniques was (p=0.989) which were statistically insignificant with P. Value of 0.000.

Conclusion: Splinting of scan bodies during intraoral scanning is critical for accuracy in full arch 
implant supported prosthesis to limit the stitching errors that occur and help elevate the inaccuracy 
related to conventional impression techniques. With the development of new technologies it is 
possible to obtain accurate results using intraoral scanners that can replace the traditional methods 
with competent accuracy.
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INTRODUCTION 

In recent dentistry, the restoration of the eden-
tulous mandible with implant supported prostheses 
has become an effective and reliable treatment op-
tion. Implant-supported prosthesis success depends 
on the ability to achieve an accurate passive fit on 
connecting it to multiple implant abutments. An ac-
curate impression is considered a key factor in order 
to achieve passive fit. Passive fit or passive adapta-
tion has been defined as a strictly tolerated metal to 
metal interface between an implant superstructure 
and the implant abutments. (1,2)

 Destructive stresses are generated in non-
passive supra-structures on connecting them to the 
respective abutments. These stresses can lead to many 
mechanical failures and multiple complications 
later on. Non-passive fit supra structure generates 
destructive stresses in a screw-retained prosthesis 
when connected to the abutments, which may lead 
to multiple complications and mechanical failures. 
Such failures include implant screw loosening and 
component fracture, fracture of ceramic veneer, 
occlusal inaccuracy and potential implant fracture 
with crestal bone loss. Therefore, every attempt is 
made to produce an accurate master cast to be used 
in fabrication of the most attainable passive fit of the 
superstructure. (3-6)

Different clinical as well as laboratory factors 
play a role in  the dimensional accuracy of the 
master cast, including the impression technique, 
the impression material used and the properties of 
the stone as well as the machining tolerance of all 
prosthetic components, connection type, andfinal  
implant angulation. (1)

Various data aquisition techniques are used 
in Implant-supported prosthesis which can be a 
conventional, semi digital or digital work-flow. In 
all workflows making an impression is the essential 
first step prior to the subsequent fabrication of a 
dental prosthesis. (7)

Many impression materials are now available in 
the market to serve this purpose as Polyether (PE) 
for its inherent hydrophilicity along with its rigidity. 
The limitations of PE include liability of causing 
allergic tissue reactions, its poor tear strength and 
very short working time. Moreover, a problem may 
arise due to its high stiffness after setting making 
its removal from the mouth quiet challenging. On 
the other hand, Polyvinyl siloxane (PVS), has good 
flow properties and more flexibility with excellent 
dimensional accuracy, making it the material of 
choice for cases with bony undercuts. Yet PVS also 
shows some inherent limitations as short working 
time and its need for expensive equipment is 
required to perform the procedure. In 2006 a hybrid 
of polyvinyl siloxane and polyether (VPES) (SENN, 
GC America, USA) was introduced. It combined the 
best features of both PE &PVS impression materials 
like excellent material flow, high hydrophilicity and 
high tear strength which made it an excellent choice 
for  implant impression materials . (8-11)

Digital impression technique as part of the digital 
workflow for recording impression can be either 
direct or indirect, splinted, or non-splinted. The 
indirect workflow starts by making a conventional 
impression on implants, the virtual model is then 
digitized by using a desktop extra oral scanner and 
scan bodies in the laboratory. (12,!3)

Moreover, Indirect digital impression workflow 
using laboratory or desktop scanners can be used. 
This method utilises either direct impression 
scanning or scanning of the resultant stone cast 
representing the edentulous dental arch. It has the 
ability to build an object digitally from the data 
collected from the 3D point digital coordinate 
system. The main drawback of indirect digital 
impression workflow using desktop scanners is the 
dimensional changes that occur during impression 
material setting and the accuracy of the final stone 
cast , the risk of displacement of the impression 
material from the special tray, dimensional changes 
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that occur during impression disinfection and 
patient dissatisfaction if there is a need to retake the 
impression. (14-15)

Direct digital impression workflow involves the 
use of intraoral scan bodies (ISBs) and an intraoral 
scanner (IOS) to obtain an optical scan derived 
directly from the perspective patient’s mouth. (13)

Direct Digital impression eliminates the errors 
with the conventional impression technique and 
pouring stone casts where there is no need for tray 
selection and where we can avoid dimensional 
change resulting from the impression material 
polymerization during setting, disinfection, and 
while shipping to the lab. One of the greatest 
benefits of digital direct impression technique is the 
patient comfort and avoiding gag reflex that may 
occur with conventional impression technique and 
an additional advantage is the ability to send and 
store direct digital impression data electronically. (16)  

One of the main keys for successful direct digital 
impression technique using intra oral scanners is the 
use of scan bodies but there are many challenges 
associated with the full arch scanning as limited 
reference points and the absence of anatomic 
irregularities. Besides, intra oral scanners can’t 
distinguish the multiple scan bodies because of 
their identical cylindrical geometry when using 
them to record an accurate digital impression 
which produces some errors in 3D visualization 
and mathematical interpretation. So the scanner can 
confuse the different scan bodies, interpreting them 
as only one. (17,18)

The splinting during impression procedure either 
for transfer coping in conventional impression 
technique or for scan bodies in digital intra oral 
impression workflow improves the accuracy of the 
impression. (19)

In conventional impression technique, splinting 
of the transfer copings helps increase their inherent 
stability. This is useful initially on taking the 
impression and later during the fabrication of the 

final model. Moreover, splinted impression copings 
aid in the verification of the passive fit. They may also 
be used in the fabrication of the control model along 
side with the digital impressions. Lastly, splints can 
be used as a reliable reference in conventional and 
digital studies investigating impression accuracy. 
In digital intra oral impression technique splinting 
of scan bodies increases the overall accuracy of the 
digital impression.  (20-24)

With the appearance of new methods of different 
data acquisition, it is necessary to research the 
accuracy of each one; to obtain the highest degree 
of passive fit in the final prosthesis, so the question 
was which one is most accurate and does splinting 
affect the overall accuracy of conventional and 
digital techniques?.

The null hypothesis of this study is that there is 
no difference in the accuracy of different digital data 
acquisition work flows used for full arch maxillary 
implant prostheses.

MATERIALS AND METHODS

Model data collection and virtual master model 
designing and fabrication.

Scanning of the educational upper completely 
edentulous epoxy model was done using a desktop 
scanner  to obtain STL file of the  virtual epoxy model  
the sites of the five implants were virtually planned 
using DDS pro software (Czestochowa, Poland) 
where five virtually planned parallel holes equally 
distributed were done with  two at the premolar 
region, two at the canines and one at the midline for 
manual insertion  of implants (3.7mm in diameter 
x 10.5mm in length j dental evolution). They were 
named respectively A, B, C, D and E. The design 
was exported to Exocad soft ware (Exocad GmbH, 
Darmstadt, Germany) to manufacture the master 
model. The exported digital file was converted to 
STL format. The file was then printed to obtain the 
physical master model.
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Implant insertion 

Implants drilling was done sequentially in the 
printed master model  according to the manufac-
turer’s instructions  . 

Resin debris was removed by water irrigation 
inorder to assure that the implant reaches the 
planned depth. A 35Ncm primary stability was 
achieved by dipping the implant in freshly mixed 
resin then attaching the implant to the hand piece 
implant carrier to firmly attach the implant to the 
printed model.

Scan body attachment and reference master 
model scanning 

Scan bodies were securely attached to the 
implants and screwed into place at a 10 N/cm torque 
then scanned using an industrial scanner (Atos core 
2005m, GOM GmbH, Braunshweig, Germany) to 
be used as a reference for the comparative analysis 
to the other casts. Fig (1)

Grouping of the study groups:

Four groups were included in this study, Pentamix: 
conventional impressions were taken by vinyl poly 
siloxane silicone VPS ( Pentamix),  Identium: 
impressions were taken by vinylsiloxanether (VSE 
Identium ), Trios : intra oral scanning (IOS ) was 
done using Trios 4 after attaching the scan bodies 
and Primescan: intra oral scanning was done using 
Primescan after attaching the scan bodies. Each 
group was further divided into splinted and non-
splinted. 

Pentamix and Identium Non splinting groups 

Open top tray impression copings were attached 
to the implants with a 10 N/cm torque ratchet. Then, 
two   impressions were made without splinting. The 
first one using vinylsiloxanether (VSE Identium 
kettenbach Gmbh, Eschenburg, Germany) and the 
second using polyvinylsiloxane  (PVS Pentamix, 

3M ESPE, Seefeld, Germany), and were left to set 
according to the manufacturer’s instructions under 
50 n/cm vertical load using the universal testing 
machine to ensure seating load standardization. 

After the impressions were set, the copings were 
unfastened. Removal of the tray was accomplished 
in a vertical direction with the impression copings 
embedded in the impression. The implant analogues 
were then fastened. The impressions were then 
poured using type IV dental stone, with a constant 
water powder ratio. After two hours, the casts were 
separated from the impressions and were accuratly 
coded for future measurements. 

The non-splinted scan bodies were attached 
to the casts  which were  scanned 12 times using 
industrial scanner (Atos core 2005m, GOM 
GmbH, Braunshweig, Germany). Fig. (2) to ensure 
standerdisation of the procedure the same operator 
conducted all of the laboratory steps. 

Pentamix and Identium Splinting groups

This procedure was repeated after splinting 
of the implants using Duralay self -cure acrylic 
resin.  The casts were also marked for future 
measurements and scanned 12 times for each group 
using industrial scanner (Atos core 2005m, GOM 
GmbH, Braunshweig, Germany) with a total of 
forty eight scans.fig (3)

Fig. (1) Scan bodies attached to maxillary resin cast with five 
implants
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Primescan and Trios 4 non splinting and splint-
ing groups

For the digital scan, scan bodies were fastened at a 
10 N/cm to the implants in the resin upper educational 
model and scanned by 2 different intraoral scanners 
in accordance with the manufacturer’s instructions 
before and after splinting. Fig (4) The scans were 
obtained by Primescan (Dentsply Sirona, Erlangen, 
Germany) and Trios 4 (3 shape dental system, 
Copenhagen, Denmark). The scan bodies were 
splinted and the scans were repeated by the use of 
both the scanners. The model was scanned 12 times 
for each group with a total of forty eight scans.

Accuracy measurement

To measure the accuracy the scans were saved in 
an STL format fig (5,6) then all the virtual models 
were superimposed on the reference model using 
Geomagic software (geomagic Qualify 2013, 
Geomagic, Morrisville NC, USA). The best fit 
feature was then used in the superimposition of 
the reference scan on the other scans. The implant 
orifices served as easy assembly points. Horizontal 
deviation was detected at 8 points around the orifices 
of the implants using the software 3D compare 
feature,

After this step color maps that represented 0.1 
mm positive or negative deviation were used to 
reflect any possible deviation between the two 
scans. fig. (7) The obtained results were represented 
in RMS which is calculated by the superimposition 
of two scans and the square phase difference at the 
assigned points was calculated. The total of these 
represented squares was calculated and then divided 
by the total number of points to obtain the RMS.

Statistical methodology and sample size 

Data were analyzed using R statistical analysis 
software version 4.1.3 for Windows Shapiro-Wilk’s 
test was used to test for normality. Homogeneity 
of variances was tested using Levene’s test that   
revealed significance level set at p<0.05 within 

Fig. (2) Scan bodies attached to the implant analogues to be 
scanned

Fig, (3): Five splinted transfer implant analogue for open top 
impression technique

Fig. (4) Five scan bodies attached to the  five implants in the 
upper resin maxillary model
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RESULTS

 Two-way mixed model ANOVA test showed 
that there was a significant interaction between 
acquisition technique (conventional impression 
technique and IOS technique) and between splint-
ing and non-splinting technique with (p<0.001). 
Comparisons of estimated marginal means for ac-
quisition technique presented in table (1) showed 
that for splinted samples, in conventional impres-
sion techniques (i.e. Pentamix and Identium) had 
significantly higher values than digital scanning 
techniques (p<0.001). However, the differences be-
tween both conventional impression techniques (i.e. 
Pentamix and Identium) was (p=0.635) and both 
digital IOS techniques was (p=0.989) which were 
statistically insignificant. For non-splinted samples, 
comparisons showed Identium to have significantly 
higher value than other techniques with (p<0.001) 
while comparing Pentamix with the two IOS  the 
differences between them was statistically insignifi-
cant (p>0.05). Comparisons of marginal means for 
the effect of splinting presented in table (2) showed 
that within all techniques, non-splinted samples 
had significantly higher values than splinted ones 
(p<0.001). Mean and standard deviation values for 
RMS are presented in figures (8) .   

all tests. Data showed parametric distribution and 
variance homogeneity and were analyzed using 
two-way mixed model ANOVA followed by 
estimated marginal means comparisons using t-test 
with p-value adjustment using Tukey’s method.

A power analysis was designed to have adequate 
power to apply a statistical test of the null hypothesis 
that there is no difference between tested groups 
regarding accuracy. By adopting an alpha (α) level 
of (0.05), a beta (β) of (0.2) (i.e. power=80%) and 
an effect size (f) of (1.36) calculated based on the 
results of a previous study (25) the minimum required 
sample size (n) was found to be (24) samples (i.e. 3 
samples per group). 

Fig. (5) STL file for pentamix and identium groups Fig, (7) Color mapping for accuracy using geomagic control 
X software 

Fig (6) STL file of splinted scan bodies attached to the implants 
in resin model
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TABLE (1) Comparison of estimated marginal means for the effect of acquisition technique  

Splinting Contrasts EMM difference
95% CI

t-value p-value
Lower Upper

Pentamix - Identium -0.05 -0.18 0.07 -1.20 0.635

Pentamix -  TRIOS 0.41 0.28 0.53 8.85 <0.001*

Pentamix - Primescan 0.39 0.27 0.52 8.53 <0.001*

Identium -  TRIOS 0.46 0.33 0.59 10.04 <0.001*

Identium - Primescan 0.45 0.32 0.57 9.73 <0.001*

 TRIOS – Primescan -0.01 -0.14 0.11 -0.32 0.989

Pentamix - Identium -0.45 -0.58 -0.33 -9.89 <0.001*

Pentamix -  TRIOS -0.01 -0.14 0.12 -0.23 0.996

Pentamix - Primescan -0.09 -0.22 0.04 -1.96 0.232

Identium -  TRIOS 0.44 0.32 0.57 9.66 <0.001*

Identium - Primescan 0.36 0.24 0.49 7.93 <0.001*

TRIOS – Primescan -0.08 -0.21 0.05 -1.73 0.331

EMM= Estimated marginal means, CI= confidence interval,*significant (p<0.05)

TABLE (2) Comparison of estimated marginal means for the effect of splinting

Technique Contrasts
EMM 

difference

95% CI
t-value p-value

Lower Upper

-0.05 -0.07 -0.03 -5.12 <0.001*

Identium -0.45 -0.47 -0.43 -48.61 <0.001*

TRIOS -0.46 -0.48 -0.44 -50.53 <0.001*

Primescan -0.53 -0.55 -0.51 -57.61 <0.001*

EMM= Estimated marginal means, CI= confidence interval,*significant

Fig. (8) Bar chart showing mean and standard deviation values 
for the root mean square RMS (mm) with in splinting 
and non splinting in the two studied groups conventional 
impression techniques and intra oral  scanner  technique
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DISCUSSION 

Oral rehabilita tion of patients with implant 
especially full arch rehabilitation and their 
longitudinal effectiveness is affected by passive fit.  
Long term implant supported prosthesis success 
depends on the implant impression precision. 
Impression precision directly relies on two essential 
factors, the impression material being used and the 
impression technique. (26)

The quality of the digital scans relates to the 
ultimate fit of the final prosthesis. Therefore,   
accuracy is important. The known threshold 
for prosthesis misfit is considered to be 150 
mm generally. This average assures no clinical 
complications are encountered. (27,28-30)

Regarding to this study findings   the acquisition 
technique IOS   showed better accuracy and trueness 
in compare to conventional impression technique 
which was matching to the finding in other  in vitro 
and in vivo comparative studies that  reported that 
several conventional and digital impressions taken 
with variable IOS systems  differ significantly in the 
accuracy. (16,31 ,32)

Digital IOS acquisition technique gave 
many advantages in comparison to conventional 
impression technique as increased patient comfort, 
convenience to the practitioner, the application 
of advanced technology, data storage and a time 
savvy digital prosthetic work flow. (28) In study by 
Gherlone et al. reported that the digital impression 
technique   significantly saved time when compared 
to the conventional impression technique (7:57 
±3:08 versus 18:23 ±5:38 minutes). (33)  

Other studies did not agree with the finding in 
this study where it was found that conventional 
impression techniques were more accurate than 
IOS technique. These studies have observed that the 
digital workflow for data acquisition comes with 
its own challenges which are usually related to the 
operator’s skill and experience. A previous study 

conducted by Giménez et al. observed that each 
practitioner has a unique learning curve and a lot 
of practice is needed to make or reproduce accurate 
intraoral scans by the use of digital impression 
making technique. (34,35)  

Results of this study showed that splinting in the 
two acquisition techniques showed better accuracy 
than non-splinting.  But splinting was critical for the 
conventional impression technique as splinting of 
transfer coping showed increased accuracy. As many 
studies considered that the gold standard to prevent 
the movement of the impression coping which can 
lead to distortion of the final impression was splint-
ing. Splinting has also been proved to eliminate er-
rors occurring during the setting of the impression 
material resulting in less dimensional changes thus 
ensuring the master cast accuracy.   (36,37)

Splinting of the scan bodies with the two 
scanners used with IOS technique in this study 
was not essential as in conventional impression 
technique. IOS may be divided into four different 
types according to the optical method that is used 
to capture data. Optical coherence tomography, 
confocal microscopy, active wavefront sampling 
and active triangulation, are the most common 
utilized techniques. (38)

Intra oral scanners in this study were the trios and 
primescan that showed high accuracy in compare to 
other available IOS as CEREC omnicam. As both 
IOS trios and primescan are based on confocal 
capturing technology while CEREC Omnicam is 
based on active triangulation technology. (38-39)

However implant supported prosthesis in 
completely edentulous cases have some challenges 
as the scanned surface lacks reference points between 
point clouds of scan bodies which produces  improper 
stitching of the images with compounding errors 
including imprecise and noisy mesh. In completely 
edentulous arches one of the biggest challenges is 
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that the large scanned surface area which can lead to 
angulation errors. These errors lead to an increase in 
the risk of accumulation of registration errors in the 
patched 3D surfaces, especially in the edentulous 
mandible when compared to dentate arches. So 
splinting of scan bodies is highly recommended 
during using IOS to decrease such error. (28,40,41)

Regarding the result of non-splinting in the 
two data acquisition techniques, the two intra oral 
scanners and PVS showed more accuracy than 
VSE. As VSE showed more dimensional change 
in comparison to PVS while intra oral scanner 
eliminated any change for dimensional change as 
no impression material is used.  Techkouhie A et 
al. suggested that non splinted PVS has the smallest 
change (−0.15%), followed by polyether (−0.2%). 
The vinyl siloxane ethers (VSE) have a dimensional 
change of ≈ –0.2% which is still acceptable. (42,43) 

As to the use of VSE it has been proven useful 
in the impression procedures of prepared teeth to 
manufacture fixed prosthodontics. When used for 
this procedure it has proved to have a superior 
tensile strength in comparison to polyether or PVS. 
Its high flow ability along with its high tensile 
strength makes it a good candidate for recording 
finish lines and narrow crevicular preparation areas. 
But the precision of implant impressions does not 
seem to benefit from this property due to the absence 
of specific finish line. (26)  

CONCLUSION

 Within the limitation of this study splinting of 
scan bodies is essential to manage stitching error 
that occurs with IOS to provide more accurate 
results with passive fit and for the elimination 
of inaccuracy related to dimensional changes in 
conventional impressions. The accuracy value of 
intra oral scanners is near zero as it eliminates the 
inaccuracy occurring due to dimensional changes 
occurring in the used materials.
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