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Effect of angulation on the 3D trueness 
of conventional and digital implant 
impressions for multi-unit restorations
Özay Önöral, Sevcan Kurtulmus-Yilmaz*, Dilem Toksoy, Oguz Ozan
Department of Prosthodontics, Faculty of Dentistry, Near East University, Mersin10, Turkey

PURPOSE. The study aimed to determine the influence of implant angulation 
on the trueness of multi-unit implant impressions taken through different 
techniques and strategies. MATERIALS AND METHODS. As reference models, 
three partially edentulous mandibular models (Model 1: No angulation; Model 
2: No angulation for #33, 15-degree distal angulation for #35 and #37; Model 3: 
No angulation for #33, 25-degree distal angulation for #35 and #37) were created 
by modifying the angulations of implant analogues. Using a lab scanner, these 
reference models were scanned. The obtained data were preserved and utilized 
as virtual references. Three intraoral scanning (IOS) strategies: IOS-Omnicam, 
ISO-Quadrant, and IOS-Consecutive, as well as two traaditional techniques: 
splinted open tray (OT) and closed tray (CT), were used to create impressions 
from each reference model. The best-fit alignment approach was used to 
sequentially superimpose the reference and test scan data. Computations and 
statistical analysis of angular (AD), linear (LD), and 3D deviations (RMS) were 
performed. RESULTS. Model type, impression technique, as well as interaction 
factor, all demonstrated a significant influence on AD and LD values for all implant 
locations (P < .05). The Model 1 and SOT techniques displayed the lowest mean 
AD and LD values across all implant locations. When considering interaction 
factors, CT-Model 3 and SOT-Model 1 exhibited the highest and lowest mean AD 
and LD values, respectively. Model type, impression technique, and interaction 
factor all revealed significant effects on RMS values (P ≤ .001). CT-Model 3 and 
SOT-Model 1 presented the highest and lowest mean RMS values, respectively. 
CONCLUSION. Splinted-OT and IOS-Omnicam are recommended for multi-unit 
implant impressions to enhance trueness, potentially benefiting subsequent 
manufacturing stages. [J Adv Prosthodont 2023;15:290-301]
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INTRODUCTION

Misfit of implant-supported restorations (ISRs) is de-
fined as an instance of incongruent and disorderly 
contact at the juncture where the implant and the 
prosthetic superstructure meet. This culminates in 
static stress generation not only in the implant com-
ponents but also in the surrounding bone and leads 
to a slew of mechanical and biological complica-
tions.1-3 Therefore, achieving a misfit within the clin-
ical acceptability range (passive fit) is for the long-
term viability of ISRs.4 This is especially critical for 
screw-retained ISRs as cement-retained counterparts 
necessitate a spacing of 25 to 50 μm and this can 
lessen the strains brought on by less accurate resto-
ration.3 Several researchers have made attempts to 
quantify passive fit5,6 Jemt7 pointed out that a mis-
match of 150 μm was clinically tolerable. Because 
getting an absolute passive fit is almost unattainable, 
the best degree of fit is advised. Passive fit is only 
achievable with a precise prosthodontic process that 
begins with impression procedures.8,9

The misfit of an ISR is typically multifactorial.1 
When focused on the impression factor, the impres-
sion technique, impression material, number and 
alignment of implants, splinting or non-splinting im-
pression copings, and subgingival depth of implants 
can all alter the accuracy of impression, thereby lead-
ing to increased discrepancy values at the interface 
due to the distortions occurred in the x-, y, and z-ax-
es.1,4 In ordinary circumstances, implant impressions 
are taken by employing the closed tray (CT) tech-
nique. However, in the clinical setting, proper implant 
positioning may not always be possible.10,11 The lack 
of parallelism among implants might induce distor-
tion of the elastomeric impression taken through the 
CT technique, resulting in an erroneous transfer.12 Or, 
when an implant is positioned deeply subgingivally, 
the impression material might support a small por-
tion of the impression coping, which can cause the 
coping to be displaced and compromise the accura-
cy of the impression.13,14 In both cases, the splinted 
open tray (OT) (direct) technique is recommended as 
the most reliable and precise transfer method.15

In the past few decades, technological advances 
have been incorporated in dentistry, particularly for 

the transfer of the spatial positions of the implants 
to a three-dimensional (3D) virtual model by utilizing 
computer-aided design and computer-aided manu-
facturing (CAD-CAM) technologies. As compared to 
traditional impression techniques, digital scanning 
performed using intraoral scanners (IOSs) has deliv-
ered clinically acceptable results in the fabrication of 
crowns and fixed restorations. This technique saves 
time, eliminates potential errors caused by the dis-
tortion of elastic impression materials and gypsum, 
exterminates the need for disinfection and transport 
to the dental laboratory, allows storage of scans, and 
promotes patient acceptance.16-18 

Trueness and precision are the two components 
of accuracy. Trueness is the proximity of the test ob-
ject to the reference object; on the other hand, preci-
sion is the fluctuation of the object’s repetitive mea-
surements.14,19-22 An accurate scan is required for a 
successful prosthesis in a solely digital approach. In 
terms of accuracy, optical impressions for short-span 
restorations have been demonstrated to be similar 
to conventional impressions. Several investigations 
found that digital implant impressions are accurate 
to within 15.0 to 71.2 μm, while clinical trials found 
errors that varied between 27.4 and 220 μm.23 A num-
ber of variables involving scanning length, scanning 
strategy, implant angulation, IOS types, operator ex-
perience, ambient light, IOS head size, scanner soft-
ware program, and scan body types, have all been 
identified as potentially affecting the accuracy of digi-
tal data acquisition.16-18,24 

Inaccuracies in digital implant impressions become 
more likely as the scanning length or interimplant 
distance gets longer, possibly due to accumulative 
faults in the IOS stitching process. The accuracy of 
digital scans across different edentulous span lengths 
has been scrutinized, and it has been highlighted that 
a longer edentulous span led to more mistakes.16,25-27 

The so-called scanning strategy requires the cli-
nician to maneuver the tip of the intraoral scanner 
along a predetermined path for proper scanning. Al-
though Medina Sotomayor et al. 28 and Passos et al. 29 
showed that the accuracy of IOS is affected by scan 
strategy, it is yet unclear how the scanning strategy 
might influence the accuracy of the impression. All 
scanning methods combine or stitch a number of con-
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secutive images or videos obtained from various an-
gles to form a 3D presentation.19,30 The scan and the 
software used to stitch the images together are tight-
ly interconnected; if the scanner moves too quickly or 
changes direction dramatically, the stitching process 
may be hampered.26,30 Also, alternate scanning strate-
gies other than those advised by the developer of the 
IOS might considerably reduce accuracy.30 Anh et al .31 
proved that the beginning location of the scan affects 
how accurate the digital model is. The vertical rota-
tion of the IOS should be avoided, according to Oh et 
al .32.

The conventional and digital impressions have 
been analyzed in terms of accuracy and conflicting 
results have been reported.14,33 Some claimed that 
using traditional methods produced more accurate 
findings, however digital scans’ accuracy was un-
affected by angulation, and in nonparallel models, 
there were no appreciable differences between the 
two methods. Contrarily, Lin et al .34 discovered that 
the OT technique had higher accuracy in the presence 
of only modest angular differences (0 - 15 degrees) 
between implants; however, when there was a signif-
icant degree of angular difference (30 - 45 degrees), 
digital scan groups provided superior results. 

Clinicians face a decision making dilemma due to 
a lack of agreement on suggested impression tech-
niques and scan strategies for angulated implants. To 
address this issue, in this study, it was aimed to com-
pare the trueness of the intraoral scanning technique 
using three distinct scan strategies with those of con-
ventional impression procedures for partially eden-
tulous arches including angulated implants. The null 
hypotheses for this study were that the angulation of 
implants would not alter the trueness of impression 
techniques, that there would be no significant differ-
ences concerning the trueness of impression tech-
niques, and that there would be no significant differ-
ence among scan strategies in terms of trueness.

MATERIALS AND METHODS

The flowchart of this study is depicted in Figure 1. Be-
fore the commencement of the study, power analysis 
was used to establish the sample size. For the prior 
sample size calculation, software (G-Power, Version 

3.1.9) was used and a medium effect size of 0.25 was 
estimated. At 85% power and a level of significance of 
0.05, the total sample size for 15 groups matching this 
effect size was determined to be 277. A total sample 
size of 300 (20 for each group) was employed, yielding 
an overall power of 88.5%.

An autopolymerizing acrylic resin (Meliodent Rapid 
Repair Denture Acrylic, Kulzer GmbH, Hanau, Germa-
ny) was poured into the dentulous rubber mold (AG-3 
Silicone Index; Frasaco GmbH, Greenville, SC, USA) to 
obtain the definitive cast. The left posterior side start-
ing from the right canine to the right 3rd molar was 
grinded to simulate partial edentulism with a healed 
ridge width of 8 mm. To fabricate 3 identical models, 
three impressions were made by using vinyl polysi-
loxane impression material (Elite HD+ Monophase; 
Zhermack, BadiaPosleine, Italy), and the same au-
to-polymerizing acrylic resin was poured into those 
impressions. Next, a rotary instrument was used to 
shape three implant sockets in the canine, 2nd pre-
molar, and 2nd molar areas of all three casts. Multi-
unit implant analogues (T0 32202, NucleOSS, İzmir, 
Turkey) were secured in their corresponding sockets 
with autopolymerizing acrylic resin. By varying im-
plant angulations, three different models (Model 1: 
No angulation; Model 2: No angulation for #33, 15-de-
gree distal angulation for #35 and #37; Model 3: No 
angulation for #33, 25-degree distal angulation for 
#35 and #37) were created and referred to as refer-
ence models. Polyetheretherketone (PEEK) scan bod-
ies (T0 32033; NucleOSS, İzmir, Turkey) were screwed 
to the multi-unit implant analogues on each refer-
ence model. A laboratory scanner (inEOS X5, Dentsply 
Sirona, Charlotte, NC, USA) was used to scan the ref-
erence models, and the resulting data were saved in 
standard tessellation language (STL) format for use as 
virtual reference images.

For taking CT impressions, prefabricated metallic 
trays were utilized, and their internal surfaces were 
coated with tray adhesive (Universal Tray Adhesive; 
Zhermack, BadiaPosleine, Italy) and allowed to dry 
for two minutes. Subsequently, CT impression cop-
ings (T0 32607, NucleOSS, İzmir, Turkey) were manu-
ally screwed onto the multi-unit abutments on each 
reference model until resistance was felt, and then 
their corresponding caps (T0 32912, NucleOSS, İzmir, 
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Fig. 1. Flowchart of this study.
IOS technique, intraoral scanning technique; STL, standard tessellation language; RMS, root mean square.
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Turkey) were affixed. A monophase vinyl polysiloxane 
impression material (Elite HD+ Monophase) was then 
prepared and delivered through a syringe around the 
impression copings. The tray was loaded and posi-
tioned onto the reference model, where it was left 
for six minutes to be set. The CT impression copings 
were left in place on the reference model while the 
caps remained in the impression. Finally, the copings 
were unfastened, screwed to implant analogues, and 
placed into the caps that remained in the impression.

For taking OT impressions, non-hex OT impression 
copings (T0 32608, NucleOSS, İzmir, Turkey) were 
screwed onto the multi-unit implant analogues. Resin 
splints were created around the impression copings 
using dental floss and autopolymerizing acrylic resin 
(Pattern Resin LS, GC America Inc., Alsip, IL, USA). The 
splint was sectioned after 24 hours and rejoined with 
the same acrylic resin before the impression step. 
Customized impression trays were created by using 
light-cured base plates (Plaque Photo, W + P Dental, 
Hamburg, Germany) and polymerized (Tray Lux, Am-
pac Dental, Rockdale, Australia). These trays were 
drilled to access the coronal ends of the impression 
copings. Subsequently, tray adhesive was applied 
to their intaglio surfaces and allowed to cure for two 
minutes. Impression material was delivered through 
a syringe around the impression copings and the tray 
filled with impression material was placed onto the 
reference models. The impression material had been 
left to polymerize for six minutes. While the impres-
sion was still on the reference model, the OT impres-
sion copings were unfastened by accessing the con-
necting screw through the drilled holes on the trays. 
The tray, along with the copings, was taken off the 
model and copings were secured to the implant ana-
logues before pouring. 

All of these steps were done by a single calibrated 
clinician and in total, 120 conventional impressions 
(n = 20 for each model) were made. To create the test 
casts, a type IV dental stone (GC Fujirock EP, GC Corp., 
Tokyo, Japan) was used to pour up all conventional 
impressions. The castings and impressions were sep-
arated after 24 hours. On the test casts, PEEK scan 
bodies were fastened to the analogs. The same lab 
scanner was utilized for all scans, and the data was 
exported into the STL format for use as virtual test im-

ages.
A calibrated clinician conducted the digital impres-

sion procedures by using an intraoral scanner (CEREC 
Omnicam, Dentsply Sirona, software version: CEREC 
SW) in this study. For each reference model, ten dig-
ital impressions were acquired by using PEEK scan 
bodies compatible with the multi-unit abutments. 
The scans were performed in 3 different strategies, as 
specified below, and the STL-formatted scans were all 
preserved and utilized as virtual test imagery.
▪ IOS-Omnicam: This is in accordance with the scan-

ning strategy recommended by the Omnicam man-
ufacturer. It was started by scanning the occlusal 
surface of the scan-bodies on the implantation 
site. The scanner tip was guided from the distal to 
the mesial by palatally tilting it by 45 degrees. The 
header was moved in a distal direction while tilt-
ing it an additional 45 degrees in the palatal direc-
tion. Then, it was moved in a mesial way while tilt-
ing it 90 degrees toward the occlusal surface. It was 
turned 45 degrees buccal and advanced backward 
toward the distal. Next, it was tilted a further 45 de-
grees in the buccal direction to a total of 90 degrees 
and moved in the mesial direction.

▪ IOS-Quadrant: Two quadrants of the model were 
separately scanned. Starting from the midline 
and moving posteriorly, the model was occlusally 
scanned. The header was turned over to the buccal 
side, and the midline was reached by scanning from 
the back to the front. The header was then flipped 
over to the lingual side and scanned from the mid-
line to the posterior area. The opposite quadrant 
underwent the same procedure. Scanning was 
started from the implantation site.

▪ IOS-Consecutive: Scanning was started from the 
dentulous site and continued by making a zigzag 
motion on the occlusal-buccal-occlusal-lingual 
path.

Geomagic Control (3D Systems, Rock Hill, SC, USA), 
a 3D metrology program, was utilized by a single op-
erator for performing 3D analysis on all STL data. A 
best-fit alignment technique was used to align the 
reference and test scan data, and the resulting 3D de-
viation was investigated. The algorithm was instruct-
ed to use the best-fit alignment from the dentulous 
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RESULTS

According to the findings of the two-way ANOVA, the 
model type, impression technique, and interaction 
term had a significant influence on AD and LD values 
for all implant locations (P  < .05 for AD and LD) (Ta-
ble 1 and Table 2). The Model 1 and splinted-OT tech-
niques had the lowest mean AD and LD values for all 
implant locations. Regarding the model type, Model 3 
and Model 1 had the highest and lowest mean values, 
respectively. There were statistically significant dif-
ferences in all models (P < .05). IOS-Quadrant had the 
largest deviation values for the impression technique, 
with the exception of AD of #37, AD of #35, and LD of 
#35. CT demonstrated the largest deviation values for 
these measurements. Splinted-OT showed statistical-
ly lower AD and LD values than all other groups (P  < 
.05). The CT-Model 3 and SOT-Model 1 had the highest 
and the lowest mean AD and LD values, respectively, 
when interaction was taken into account. 

The results of 2-way ANOVA showed that model 
type (P ≤ .001), impression technique (P ≤ .001), and 
their interaction terms (P  ≤ .001) significantly influ-
enced RMS estimate values. Table 3 displays the mean 
RMS estimate values and standard deviations with 
Tukey post hoc comparisons. In terms of model type, 
Model 3 and Model 1 had the highest and the lowest 
mean RMS values, respectively. There were statistical-
ly significant differences among models. In terms of 
impression technique, IOS-Quadrant had the greatest 
RMS value, followed by CT, IOS-Consecutive, IOS-Om-
nicam, and splinted-OT. Furthermore, the RMS val-
ue for splinted-OT was determined to be much lower 
than others. The CT-Model 3 and splinted OT-Model 1 
had the highest and lowest mean RMS values, respec-
tively, once the interaction term was considered. 

DISCUSSION

The adoption of intraoral scanners is growing, but 
there isn’t enough evidence to conclude if digital im-
pressions are more accurate than traditional ones, 
especially when implants aren’t ideally positioned. 
Therefore, in this study, the angular, linear, and 3D 
deviations of the scan bodies on the computerized 
models generated through digital and conventional 

side of the model to minimize the amount of devia-
tion during superimposition. Root mean square (RMS) 
error was evaluated to ascertain how well these data-
sets matched. A more accurate alignment is indicated 
by lower RMS error levels.

To evaluate 3D discrepancies between the test data 
and the reference data, color maps were generated 
using the software’s 3D comparison algorithm. The 
maximum/minimum deviation values were set at 
+100/-100 μm, and a tolerance interval of +50/-50 μ
m was utilized to quantify the data as the mean and 
standard deviation (SD). The software automatically 
provided the RMS values from the maps without the 
requirement for further calculation. This study aimed 
to find 3D deviation on scan bodies; hence RMS val-
ues were only computed for the scan bodies and not 
for the complete models.

Virtual scan bodies on the reference scan data were 
converted into virtual hollow cylinders using the fea-
ture creation tab. The autocreate tab was then uti-
lized to create identical cylinders on the test scan 
data for uniformity. The center lines running through 
these cylinders were measured by using their direc-
tional cartesian coordinates (x, y, and z). According 
to the following formulae, the linear (LD) and angular 
deviations (AD) between the test and reference cylin-
ders’ center lines were calculated:

LD = √((X1 - X2)2 + (Y1 - Y2)2 + (Z1 - Z2)2)
AD = (arccos[(X1 × X2) + (Y1 × Y2) + (Z1 × Z2)) / 
         ((√(X1

2 + Y1
2 + Z1

2) × √(X2
2 + Y2

2 + Z2
2))])

where the coordinates of the line on the reference 
data are X1, Y1, and Z1; while the coordinates of the 
line on the test data are X2, Y2, and Z2.

Software for statistical analysis (SPSS Statistics 
25.0, SPSS Inc., Chicago, IL, USA) was used to process 
the data. Before analysis, the Shapiro-Wilk test was 
used to verify that the data collected for linear devia-
tion, angular deviation, and RMS estimate had a nor-
mal distribution. The data was then analyzed using a 
two-way analysis of variance (ANOVA) with a signifi-
cance level of 0.05, followed by one-way ANOVA and 
Tukey Post Hoc comparison tests.
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impression techniques were tracked. Statistical anal-
yses utilized in this study revealed that impression 
technique, scanning strategy, and implant angulation 
had a significant effect on the trueness of the impres-
sions; therefore, all null hypotheses were rejected.

The transfer of implant locations should be accu-
rate in order for the disparity to be compensated by 
the resilience of the bone, the residual mobility of the 
implants, and the machining tolerances of the abut-
ments.35 In terms of passive fit, ISRs with discrepan-
cies as small as 10 μm service better;6 nevertheless, a 
misfit classification created by using current fabrica-
tion procedures deemed interface discrepancies up 
to 100 μm to be clinically acceptable.3 Discrepancy 
assessment has not been done in this study. As a re-
sult, the current study’s findings could not be evalu-
ated using the specified thresholds. Assuncao et al .12 
reported that a discrepancy of 50 μm along any axis 

is tolerable in a good impression and can be utilized 
to digitize the trueness. The clinical tolerance crite-
rion for angular deviations is also missing. However, 
it has been argued that up to 0.4° angular deviation 
might be acceptable by considering basic trigonomet-
ric functions and assuming that the maximum lateral 
apex movement of 50 μm is acceptable.17,36 When the 
RMS estimate values were investigated, it was under-
stood that the values for all impression techniques 
in Model 1 were well-below 50 μm. The RMS esti-
mate values of the splinted-OT, IOS-Omnicam, and 
IOS-Consecutive for Model 2 and the splinted-OT for 
Model 3 were below that threshold. When the angu-
lar deviation values were examined, it was observed 
that the values for all impression techniques in Model 
1 were 0.4 degree and below. As the implant angles 
increased in other models, many values exceeded the 
above-mentioned threshold value. Splinted-OT tech-

Table 1. Angular deviation (degrees) values and standard deviations with Tukey Post Hoc comparisons

Impression Techniques
Models

Model 1 Model 2 Model 3 Total
Implant #33

Splinted open tray 0.00 ± 0.00a, A 0.00 ± 0.00a, A 0.01 ± 0.02a, A 0.00 ± 0.01a

Closed tray 0.00 ± 0.00a, A 0.06 ± 0.09ab, A 0.58 ± 0.08c, B 0.21 ± 0.28b

IOS-Omnicam 0.24 ± 0.11ab, A 0.29 ± 0.09b, A 0.31 ± 0.27b, A 0.28 ± 0.17b

IOS-Quadrant 0.29 ± 0.08b, A 0.53 ± 0.21c, B 0.69 ± 0.19c, B 0.50 ± 0.23c
IOS-Consecutive 0.27 ± 0.14b, A 0.52 ± 0.26c, B 0.61 ± 0.19c, B 0.47 ± 0.24c

Total 0.16 ± 0.16A 0.28 ± 0.27B 0.44 ± 0.30C 0.29 ± 0.27
Implant #35

Splinted open tray 0.18 ± 0.06a, A 0.24 ± 0.07a, A 0.41 ± 0.10a, A 0.28 ± 0.12a

Closed tray 0.24 ± 0.08a, A 0.70 ± 0.14b, B 1.14 ± 0.20c, C 0.69 ± 0.40c

IOS-Omnicam 0.29 ± 0.17a, A 0.50 ± 0.27ab, AB 0.71 ± 0.16ab, B 0.50 ± 0.26b

IOS-Quadrant 0.39 ± 0.15a, A 0.80 ± 0.20b, B 0.94 ± 0.27bc, B 0.71 ± 0.31c

IOS-Consecutive 0.29 ± 0.12a, A 0.41 ± 0.25a, A 0.55 ± 0.18a, A 0.42 ± 0.21ab

Total 0.28 ± 0.13A 0.53 ± 0.28B 0.75 ± 0.32C 0.52 ± 0.32
Implant #37

Splinted open tray 0.22 ± 0.05a, A 0.28 ± 0.13a, A 0.43 ± 0.10a, A 0.31 ± 0.13a

Closed tray 0.31 ± 0.13a, A 0.78 ± 0.09b, B 1.24 ± 0.26c, C 0.78 ± 0.43b

IOS-Omnicam 0.33 ± 0.21a, A 0.41 ± 0.12a, AB 0.60 ± 0.17a, B 0.45 ±0 .19a

IOS-Quadrant 0.43 ± 0.19a, A 0.71 ± 0.22b, B 0.81 ± 0.15b, B 0.65 ± 0.24b

IOS-Consecutive 0.37 ± 0.09a, A 0.41 ± 0.21a, A 0.47 ± 0.10a, A 0.41 ± 0.14a

Total 0.33 ± 0.15A 0.52 ± 0.25B 0.71 ± 0.34C 0.52 ± 0.30
Different superscript lowercase letters indicate significant differences in the same column; Different superscript uppercase letters indicate significant differ-
ences in the same row. Only the significant differences among experimental groups were given as superscript letters.
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Table 3. RMS estimate values and standard deviations with Tukey Post Hoc comparisons

Impression Techniques
Models

Model 1 Model 2 Model 3 Total
Splinted open tray 18.08 ± 3.96a, A 21.82 ± 4.98a, AB 34.05 ± 3.48a, B 24.65 ± 8.05a

Closed tray 24.26 ± 4.11ab, A 57.38 ± 6.33b, B 104.50 ± 12.19d, C 62.04 ± 34.93c

IOS-Omnicam 34.22 ± 11.63abc, A 46.02 ± 11.63b, AB 59.55 ± 11.93b, B 46.60 ± 15.25b

IOS-Quadrant 42.94 ± 7.31c, A 74.04 ± 15.85c, B 87.84 ± 7.30c, B 68.27 ± 21.91c

IOS-Consecutive 36.68 ± 7.99bc, A 50.04 ± 5.78b, AB 60.38 ± 10.44b, B 49.03 ± 12.64b

Total 31.24 ± 11.42A 49.86 ± 19.53B 69.26 ± 26.51C 50.12 ± 25.26a

Different superscript lowercase letters indicate significant differences in the same column; Different superscript uppercase letters indicate significant differ-
ences in the same row. Only the significant differences among experimental groups were given as superscript letters.

Table 2. Linear deviation (μm) values and standard deviations with Tukey Post Hoc comparisons

Impression Techniques
Models

Model 1 Model 2 Model 3 Total
Implant #33

Splinted open tray 0.0000 ± 0.0000a, A 0.0000 ± 0.0000a, A 0.0002 ± 0.0003a, A 0.0001 ± 0.0002a

Closed tray 0.0000 ± 0.0000a, A 0.0012 ± 0.0000a, A 0.0104 ± 0.0014c, B 0.0039 ± 0.0049b

IOS-Omnicam 0.0043 ± 0.0020ab, A 0.0051 ± 0.0017b, A 0.0054 ± 0.0048b, A 0.0049 ± 0.0030b

IOS-Quadrant 0.0051 ± 0.0015b, A 0.0093 ± 0.0036bc, B 0.0120 ± 0.0034c, B 0.0088 ± 0.0040c

IOS-Consecutive 0.0047 ± 0.0026b, A 0.0092 ± 0.0045bc, B 0.0107 ± 0.0033c, B 0.0082 ± 0.0042c

Total 0.0028 ± 0.0028A 0.0050 ± 0.0047B 0.0077 ± 0.0053C 0.0052 ± 0.0048
Implant #35

Splinted open tray 0.0040 ± 0.0020a, A 0.0051 ± 0.0012a, A 0.0085 ± 0.0026a, A 0.0059 ± 0.0027a

Closed tray 0.0043 ± 0.0013a, A 0.0124 ± 0.0024bc, B 0.0224 ± 0.0074c, C 0.0131 ± 0.0087c

IOS-Omnicam 0.0051 ± 0.0030a, A 0.0115 ± 0.0048bc, B 0.0124 ± 0.0028bc, B 0.0097 ± 0.0048bc

IOS-Quadrant 0.0069 ± 0.0026a, A 0.0144 ± 0.0032c, B 0.0166 ± 0.0047c, B 0.0126 ± 0.0055c

IOS-Consecutive 0.0051 ± 0.0022a, A 0.0079 ± 0.0038ab, AB 0.0111 ± 0.0030ab, BC 0.0080 ± 0.0038ab

Total 0.0051 ± 0.0023A 0.0102 ± 0.0046B 0.0142 ± 0.0065C 0.0098 ± 0.0060
Implant #37

Splinted open tray 0.0042 ± 0.0007a, A 0.0054 ± 0.0019 a, AB 0.0086 ± 0.0020a, B 0.0061 ± 0.0025a

Closed tray 0.0057 ± 0.0022a, A 0.0140 ± 0.0017b, B 0.0243 ± 0.0050c, C 0.0147 ± 0.0084b

IOS-Omnicam 0.0059 ± 0.0037a, A 0.0078 ± 0.0025a, AB 0.0105 ± 0.0030ab, B 0.0080 ± 0.0035a

IOS-Quadrant 0.0079 ± 0.0036a, A 0.0135 ± 0.0030b, B 0.0147 ± 0.0029b, B 0.0120 ± 0.0042b

IOS-Consecutive 0.0065 ± 0.0013a, A 0.0072 ± 0.0036a, A 0.0085 ± 0.0019a, A 0.0074 ± 0.0024a

Total 0.0060 ± 0.0027A 0.0096 ± 0.0043B 0.0133 ± 0.0067C 0.0096 ± 0.0056
Different superscript lowercase letters indicate significant differences in the same column; Different superscript uppercase letters indicate significant differ-
ences in the same row. Only the significant differences among experimental groups were given as superscript letters.

nique has proven to be the most reliable impression 
technique by not exceeding the threshold value in all 
3 models.

CT and splinted-OT were two conventional proce-
dures used in the current study. Several implant com-
panies have come up with the snap-fit (press-fit) in-

direct impression technique for transferring implant 
orientation to the cast model. The press-fit technique 
design enables the removal of copings within the im-
pression and benefits from both CT and OT impres-
sion procedures.37 According to a review,13 clinically 
acceptable impressions may be made in the presence 
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of two or three implants by using both OT and CT pro-
cedures, and a prior study9 indicated that both tech-
niques yield accurate impressions for three implants 
angulated up to 15 degrees. Of conventional tech-
niques, the splinted-OT technique showed superior 
accuracy than the CT technique in the presence of 
both parallel and tilted implants. This provides con-
sistency with other studies.38-40 The deformation of 
impression material during tray removal may explain 
the CT technique’s inaccuracy in angulated models. 
Furthermore, various challenges, such as connect-
ing the implant analog to the impression coping, or 
faults, such as plastic cap deformation, may have an 
impact on the accuracy of this approach. The splint-
ed-OT impression was shown to have higher trueness 
than IOS groups as well and this finding is in line with 
those of Alsharbaty et al .41 and Kim et al .42 However, 
Abduo and Palamara43 reported that digital technique 
typically yields more precise results than traditional 
techniques. This proves that there is still no agree-
ment among researchers comparing the accuracy of 
traditional and digital impression techniques as to 
which method is better.

As the risks such as distortion of impression mate-
rial and displacement of the impression coping are 
eradicated in digital scans, the accuracy of digital im-
pressions is assumed not to be influenced by angular 
alterations among implants.14,44 Previous studies have 
argued that tilting the implant may be advantageous 
as tilting the posterior implant mesially shortens the 
distance of the edentulous region between scan bod-
ies, leading to better data acquisition.45 However, dig-
ital impressions in angulated models had much great-
er deviation values in the current study in comparison 
to the splinted-OT technique. This finding may be at-
tributed to the increase in the distance between scan 
bodies due to the distal angulation of the implants. 
Additional inquiry is required to reflect the effective-
ness of digital impressions in the case of angulated 
implants.

For each intraoral impression device, companies 
have come up with distinctive scan strategies based 
on the software capabilities and capture technolo-
gy. Numerous scientific studies have examined how 
crucial it is to adhere to a scanning strategy in order 
to get reliable scans.19 The current study demonstrat-

ed that various scanning strategies had an impact on 
the impression trueness. Although this provides con-
sistency with several studies;29-31 Medina-Sotomayor 
et al .28 expressed a dissenting outcome. When scan-
ning strategies were compared, it was concluded that 
the STOmnicam exhibited higher trueness than the 
IOS-Quadrant and IOS-Consecutive. It has been high-
lighted that scanning strategies other than those rec-
ommended by the IOS’s developer may significantly 
lessen accuracy. This reinforces the superiority of the 
strategy proposed by Omnicam. In the IOS-Consec-
utive and IOS-Quadrant strategies, higher deviation 
values have been found. In the IOS-Consecutive, scan-
ning was not started from the implant site. This may 
lead to the reflection of accumulative faults in the IOS 
stitching process, similar to the previous study.10 In 
the IOS-Quadrant, there may be an error in merging 
the images acquired from two separate quadrants in 
the anterior region.

Substantial innovations in computer-aided dentist-
ry have led to the launch of various 3D superimposi-
tion services. The recently released best-fit-alignment 
algorithm has enabled the superimposition of com-
puter-generated datasets to analyze accuracy through 
the RMS estimate value, which is calculated from the 
average distances of all point clouds in the super-
imposed reference and test models.14,16 The best-fit-
alignment method, on the other hand, operates by 
matching a set of measured points, as nearly as fea-
sible, to that of their counterpart. As a result, the real 
positional interplay between the reference and test 
datasets may diverge far more, and the deviation be-
tween the virtual visualizations may be misinterpret-
ed. To avoid this consequence, superimposition soft-
ware was compelled to perform the function of best-
fit-alignment in this study by picking the dentulous 
area and therefore eliminating the partially edentu-
lous span at which implantation was performed. To 
provide more accurate and exact findings, 3D super-
imposition software was instructed to compute the 
RMS estimate value solely from the scan bodies rath-
er than the entire model.

When referring to implant impression materials, 
polyether and vinyl polysiloxane are highly recom-
mended.13 Polyether provides good service in totally 
edentulous and multi-implant instances because of 
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its dimensional stability and rigidity.46 However, ow-
ing to its rigid nature, antagonistic factors interact. 
On the one hand, its rigidity aids in holding the im-
pression coping in place and preventing any displace-
ment.15 Tray removal, on the other hand, becomes 
tough.46 With this intention, it would be more rational 
to utilize a material with better elastic recovery, such 
as vinyl polysiloxane, specifically when faced with 
nonparallel and internal connection implants. As a re-
sult, permanent deformation can be diminished since 
less tension accumulates between the impression 
copings and the material.46 Accordingly, vinyl polysi-
loxane was chosen in this study.

This study has several limitations. The intraoral 
scanning was not carried out in a dimly lit setting, 
such as the inside of the mouth. The illumination was 
assumed to have an impact on the outcomes. PEEK 
scan bodies were utilized. Different results may be 
obtained when using titanium scan bodies. In angled 
models, the implants are tilted distally. The results 
could have changed if the implants were angled me-
sially. Only a single type of impression material and 
intraoral scanner were utilized, and the results may 
change depending on the materials and technolo-
gies employed. Three common scanning strategies 
were included, but different strategies may offer dif-
ferent trueness values. Prosthetic frameworks should 
be fabricated to provide more clinically meaningful 
outcomes while comparing different impression pro-
cedures. This attempt can analyze not only the fit of 
the frameworks but also the association between dis-
crepancies and deviations. As a result, further inquiry 
is required.

CONCLUSION

Within the limitations of this study, it can be conclud-
ed that angulation differences among implants have a 
significant impact on the trueness of implant impres-
sions. All impression techniques were found reliable 
when implants were placed parallel to each other. 
However, when dealing with non-parallel implants, 
the study suggests that the open-tray impression 
technique, in combination with the splinting non-
hex impression copings, can improve the trueness of 
the impression. Additionally, the study found that the 

chosen scan strategy has a significant influence on 
the trueness of intraoral scans. It may be suggested 
that following the scanning strategy recommended 
by the manufacturer results in higher levels of true-
ness.
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