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A B S T R A C T   

Objectives: To investigate the effect of implant location and operator on the accuracy of implant scans conducted 
with a combined healing abutment-scan body (CHA-SB) system. 
Material and Methods: A CHA-SB system was fixed on implants at left central incisor, first premolar, and first 
molar sites in a dentate maxillary model. An industrial optical scanner (ATOS Core 80) was utilized to scan and 
generate a reference model (RM). The model was scanned by three operators (n = 8) using an intraoral scanner 
(TRIOS 3). A software (GOM Inspect) was used to superimpose IOS test scans over RM and calculations (distance 
and angular deviations) were carried out to evaluate the accuracy of the scans. Data were compared with a 2-way 
ANOVA and Tukey HSD tests were employed to resolve significant interactions for trueness and precision (α =
.05). 
Results: Implant location affected the trueness (P ≤ .001) and the precision (P ≤ .020) (distance and angular 
deviations). The scans of the implant at the central incisor site had the highest trueness (distance and angular 
deviations) (P ≤ .016). The scans of the implant at molar site had the lowest precision (distance deviation data) 
(P ≤ .012). The scans of the implant at premolar site had lower precision (angular deviation data) than the scans 
of the implant at central incisor site (P = .016). Operators’ effect on the accuracy of scans was not significant (P 
≥ .051). 
Conclusion: Implant location affected the scan accuracy of the combined healing abutment-scan body system. The 
scans of the implant at central incisor site had high trueness. The posterior the implant location, the lower was 
the precision of the scans. The accuracy of scans of different operators was similar. 
Clinical Significance: Higher deviations found in scans of posterior maxilla compared with those in the anterior 
region may require increased chairside adjustments when crowns are to be fabricated using the scans of the 
tested healing abutment-scan body system. However, clinical studies are necessary to corroborate the findings.   

1. Introduction 

Intraoral scanners (IOSs) have been used for the fabrication of 
implant-supported prostheses, either with the direct or the indirect 
workflow [1]. In the direct workflow, the position of the implant is 
digitized by using an IOS and intraoral scan bodies (SBs), while the 

indirect workflow consists of the digitization of a conventional implant 
impression with a laboratory scanner and laboratory SBs [2]. SBs in 
different shapes have been available in recent years [1], and they are 
commonly cylindrical with or without a taper; their shape does not 
reflect the emergence profile of a natural tooth [3]. A recently intro-
duced SB system (ScanPeg; Neoss Implant System, Harrogate, England), 
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which also serves as a healing abutment (HA), allows anatomical con-
touring of the soft tissue and digitization of both the implant and the 
peri-implant soft tissues at once [3,4]. Unlike conventional SBs, the scan 
is made at the HA level. 

The accuracy of an intraoral scan can be determined by trueness, 
which is the deviance of measurements from the reference, and precision 
that is the proximity of repeated measurements (ISO ISO5725-1 stan-
dard) [5–8]. Even though the accuracy of IOSs improved since they were 
first introduced in dentistry [9], many factors have been reported to 
affect the accuracy of an intraoral scan such as the type and software of 
the scanner, the design of the SB, scan strategy, size of the scanned area, 
ambient light, implant location, and the experience of the clinician [1,7, 
9–19]. However, contradictory outcomes have been obtained regarding 
the effect of implant location [7,13,14] and the operator experience [10, 
12,15–19] on the accuracy of intraoral scans. In addition, only three 
studies have evaluated the accuracy of the scans of single implants in 
different regions of a partially edentulous arch [13,20,21]. 

The use of combined HA-SB (CHA-SB) has been reported in a recent 
clinical report [3], but studies regarding the accuracy of the scans when 
using the CHA-SB system are lacking; only one study investigated the 
accuracy of an anterior implant scan using the CHA-SB system [22]. 
However, the effect of the implant location and the operator on the scan 
accuracy hasn’t been investigated. The aim of the present study was to 
investigate the scan accuracy of CHA-SB system when the implants were 
placed at 3 different sites of a partially edentulous model and scanned by 
3 operators. The null hypotheses were that i) the location of the implant, 
and the operator would not affect the trueness and ii) the location of the 
implant, and the operator would not affect the precision of the scans of 
the CHA-SB system. 

2. Materials and methods 

A partially edentulous maxillary poly(methyl methacrylate) (PMMA) 
model was constructed with 3 implants (4.0 mm × 11 mm, Neoss Pro-
Active Straight; Neoss Implant System, Harrogate, England) located at 
central incisor, premolar, and molar sites (#21, #24, #26). The inner 
slot of each implant was positioned buccally during the implant place-
ment to position the indexed polyetheretherketone (PEEK) HA properly 
as recommended by the manufacturer [3,4]. HAs of the CHA-SB system 
were lined up with the buccal grooves in the implants and tightened. The 
medical grade acrylic resin SBs (ScanPeg, Neoss Implant System, Har-
rogate, England) were secured in the HAs [3,4]. The fit between the HA 
and the SB is through friction. An outdent on the SB and a vertical slot in 
the HA prevent the rotation of SB in the HA, which enables proper 
positioning of the SB in the HA (Fig. 1). The CHA-SB systems were not 
disassembled until all scans were completed. 

The standard tessellation language file (STL) of the master reference 
model (MRM) was obtained by using an industrial light scanner (ATOS 
Core 80 5MP; GOM GmbH, Braunschweig, Germany), and then digitized 
using a metrology software (Pro 8.1; GOM GmbH, Braunschweig, Ger-
many). The scanner has a sphere space error of 6 μm and a size error of 8 
μm [6]. Before scanning the model, a thin layer (2 μm) of antireflective 
powder was sprayed on the model surface [7]. 

A structured light intraoral scanner, which has confocal microscopy 
technology was used for the test scans (TRIOS 3 Cart version 1.4.7.5; 
3Shape, Copenhagen, Denmark) [7,8]. The right side of the model was 
first scanned following a standardized scan strategy recommended by 
the manufacturer. Scans first captured the occlusal surfaces followed by 
the buccal and palatal surfaces. Eight consecutive digital scans were 
made by 3 operators with similar experience in digital impression 
making (more than 5 years of experience) in a humidity and 
temperature-controlled room (G.Ç.; S.A.; H.Y.). Calibrations were made 
by the same operator before each scan (TRIOS 3; 3Shape, Copenhagen, 
Denmark) [23]. After all surfaces of the master model and the SBs were 
captured without voids, the scan was accepted as complete [14]. 

For accuracy assessment, the STL files were obtained converting the 

test scans. An industrial three-dimensional (3D) software (GOM Inspect 
2018; GOM GmbH, Braunschweig, Germany) was utilized to superim-
pose the STL files (test scans) over the MRM-STL (master scan) by using 
the best-fit algorithm [7]. The software’s prealignment feature was 
employed for the initial alignment of nominal and test scans (IOS scans), 
and the “Local best-fit” was further used to minimize errors. 

To evaluate the distance and angular deviations (trueness) in IOS 
scans, a coordinate system was generated [7]. The mean distance and 
angular deviations were calculated in x, y, and z axes for each implant 
location in each operator’s test scans. One circular plane on the top 
surface and a circle that is 3 mm below and parallel to this upper plane 
were formed for each SB in master and test scans [7]. The measurements 
were performed by superimposing the circles in nominal and test scans, 
and calculating the linear and angular deviations between the centers of 
these circles (Fig. 2). 

The linear deviations between the 2 circles in scans were measured in 
x, y, and z axes. The 3D distance deviations at the 3 implant sites (#21, 
#24, #26) in each operator’s scans were calculated: 3D =

(
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
x2 + y2 + z2

√
) [7,13,20]. 

Angular deviations were evaluated with the same software, by 
measuring the angle between the circles at each implant site, in test 
scans and the nominal scan. The nominal scan was accepted as 0-out one 
position, and the 3D angle between the circles was measured [7]. The 
congruence between the MRM-STL and the library CAD file of the 
CHA-SB system was also evaluated by using the same abovementioned 
methods to confirm the fit between the HA and the SB. 

Descriptive data analysis was completed using SPSS for Windows 
(IBM SPSS Statics 25.0, SPSS Inc, Chicago, IL). Mean values and 95% 
confidence limits for distance and angular deviations were calculated for 

Fig. 1. Combined healing abutment (left) and scan body (right) system 
(separated parts at the top and when combined at the bottom). 
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each operator and implant site. The data were analyzed with a 2-way 
analysis of variance (ANOVA), and the significant interactions were 
resolved with the Tukey test (α = .05). 

The number of scans was determined by a power analysis (power: 
0.80, α: 0.05, and effect size: 0.7) based on the results of a previous study 

[7]. For precision evaluation, the homogeneity of the variances among 
different operators and implant locations were compared with 2-way 
ANOVA and Tukey HSD tests (α  = 0.05) [2,7]. 

3. Results 

The superimposition of the MRM-STL over the library CAD file of the 
CHA-SB system revealed a maximum linear deviation of 2.2 μm and an 
angular deviation of 0.01◦ for the implant at central incisor site, a 
maximum linear deviation of 2.2 μm and an angular deviation of 0.01◦

for the implant at premolar site, and a maximum linear deviation of 4.1 
μm and an angular deviation of 0.06◦ for the implant at molar site 
(Fig. 3). 

Figs. 4–7 illustrate the bar graphs of each operator-implant site pair 
in terms of their accuracy (trueness and precision). Two-way ANOVA 
results for trueness are presented in Tables 1, and 2 summarizes the 
Tukey HSD results. The location of the implant had a significant effect on 
the trueness (distance (P < .001) and angular deviations (P = .001)), 
while the interaction between the operator and the implant location was 
significant on the trueness only for angular deviations (P = .011). The 
scans of the implant at central incisor site had the lowest distance (P =
.001 vs. premolar and P < .001 vs. molar) and angular (P = .001 vs. 
premolar and P = .016 vs. molar) deviations, while differences in 
trueness (distance (P = .791) and angular (P = .658) deviations) be-
tween the scans of the implants at premolar and molar sites were 
nonsignificant. 

Only the location of the implant had a significant effect on the pre-
cision of distance (P < .001) and angular (P = .020) deviation data. The 
difference in precision (distance deviations) of the scans of implants at 
the central incisor and the premolar sites was nonsignificant (P = .481). 
Whereas, the scans of the implant at molar site presented the lowest 
precision (distance deviation) (P < .001 vs. central incisor and P = .012 
vs. premolar). The scans of the implant at central incisor site had 
significantly higher precision (angular deviation) compared with the 
implant at premolar site (P = .016). The difference in precision (angular 
deviation) of the scans of the implants at molar site and implants at the 
other sites was nonsignificant. 

4. Discussion 

The implant location had a significant effect on the trueness (dis-
tance and angular deviations) of the CHA-SB scans, therefore, the first 
null hypothesis was rejected. The second null hypothesis was also 
rejected as the location of the implant affected the precision (distance 
and angular) of CHA-SB scans. In contrast, the effect of the operator was 
nonsignificant for both trueness and precision. 

The scans of the implant at central incisor site had significantly 
higher trueness (distance and angular deviations) compared with the 
scans of the implants at premolar and molar sites, which may be related 
to the linear scanning path of the anterior arch [7,9,14,15,17,24,25]. 
Kim et al [21] evaluated the trueness of the scans of 6 bilaterally posi-
tioned (mandibular canines, second premolars, and second molars) 
simulated SBs in a partially edentulous situation with no edentulous 
space between them performed with 5 IOSs (including the one used in 
the present study). The authors [21] concluded that the SB location 
significantly affected the trueness of the scans. This finding was 
corroborated by another study [20], in which 10 IOSs were examined for 
the trueness of the same master model. In both studies [20,21], the 
distance deviations increased further away from the reference point of 
left second molar, which was attributed to the accumulation of errors 
during image stitching. Batak et al [13] investigated the effects of 
implant location and coded HA height on the trueness of implant scans 
and reported that the location (mandibular second premolar and first 
molar) significantly affected the trueness of distance deviations with the 
anterior implant showing lower distance deviations. In addition, the 
trueness of angular deviations was affected by the location and the 

Fig. 2. Planes utilized for accuracy measurements.  
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height of the coded HA, and the anterior implant presented higher 
trueness (angular deviation) than the posterior implant when 8 mm-long 
HAs were used. Nevertheless, the effect of the implant site on the ac-
curacy of scans in partially edentulous situations has been scarcely 
investigated and to authors’ knowledge, the present study is the first to 
investigate the effect of implant location on the precision of the digital 
scans of implants in a partially edentulous situation. The implant at the 
central incisor site presented higher precision compared with the other 
implants and this finding may be associated with the curvature of the 
maxillary arch [14,15,17], the effect of the adjacent tooth type, and the 
complexity of their incisal or occlusal surface morphology [27–29]. 
However, the effect of the tooth type on the accuracy of digital scans is 
controversial as a previous study reported higher accuracy for anterior 
teeth compared with the posterior [29], while other studies showed the 
opposite [27,28]. Considering these findings, different results may be 
achieved when adjacent teeth with varying morphologies are used, 

which should be further studied. The present study focused on the ac-
curacy of single implants with no edentulous spaces between them and 
different results may be achieved when using the CHA-SB system in 
partially and completely edentulous situations. A previous study 
revealed that increasing the number of implants (a single implant, two 
implants to be restored with a partial prosthesis, or a complete maxillary 
arch with 6 implants) and consequently the edentulous areas result in 
significantly lower scan accuracy [8]. To completely understand the 
performance of the CHA-SB system in varying situations, future studies 
involving different edentulous scenarios are needed. 

When the effect of SB location on the scan accuracy is considered in 
an edentulous situation, a previous study evaluated accuracy of SBs 
located at canines and first molars in maxilla with 4 implants [14]. The 
authors [14] stated that SB location had a significant effect on the 
trueness of both distance and angular deviations [14], which is in line 
with the results of the present study. However, given the fact that 

Fig. 3. The congruence between the library CAD file and the MRM-STL for all implants.  
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Fig. 4. Means and 95% confidence intervals of distance deviations for operator-implant site pairs.  

Fig. 5. Means and 95% confidence intervals of angular deviations for operator-implant site pairs.  
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Fig. 6. Means and 95% confidence intervals of precision of distance deviations for operator-implant site pairs.  

Fig. 7. Means and 95% confidence intervals of precision of angular deviations for operator-implant site pairs.  
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differences in implant location, number of implants, SB design, and the 
anatomy of the scanned arch exist between the present study and pre-
vious studies [13,14,20,21] comparisons should be made carefully. 
Considering the higher accuracy of the scans of the implant at central 
incisor site in the present study, central incisor restorations fabricated by 
using the CHA-SB scans may have less chairside adjustment time 
compared with premolar and molar restorations. 

The mean distance deviation values of all implants in the present 
study (Table 2) were comparable with the results of the studies evalu-
ating the effect of implant location on the accuracy of scans (90.26 μm 
[21] and 138.93 μm [20]), in which TRIOS 3 was amongst the IOSs that 
presented the highest trueness [20,21]. Moreover, the deviation values 
in the present study were within the range reported in other previous 
studies, in which the distance deviations of single implant scans per-
formed with TRIOS 3 were between 13.6 and 319 μm [8,16,20,21,26]. A 
previous study on the precision of digital scans of three different clinical 
scenarios (single implant at #23 site, partially edentulous maxilla 
rehabilitated with 2 implants at #14 and #16 sites, and completely 
edentulous maxilla restored with 6 implants at #11, #14, #16, #21, 
#24, and #26 sites) presented significant differences in the accuracy of 
the scans performed by using 5 different IOSs including TRIOS 3 [8]. 
However, this result contradicts with the results of Canullo et al’s [26] 
study, in which the trueness of single implant (#16) and two implants 
(#13 and #16 with two pontic elements) scans were found similar when 
performed with TRIOS 3. However, CHA-SB is a recently introduced 
system and clinical outcomes of this system should be investigated in 
future studies especially when a fixed partial denture is to be fabricated. 
Moreover, there are studies demonstrating significant differences in 
trueness between the digital scans of SBs placed in cross arches [7,14]. 
Therefore, CHA-SBs placed in cross arches might also have different 

accuracies and this parameter should be investigated in future studies. 
The results of the present study indicate that different operators had 

no significant effect on the accuracy (trueness and precision) of the scans 
of the CHA-SB system. These results are in line with those of a previous 
study [16], in which the effect of the operator on the accuracy of single 
anterior implant scans was found nonsignificant. However, in both the 
present study and Yilmaz et al’s [16] study, 3 experienced operators 
performed the scans, which may be the reason for the similar results 
obtained. Nevertheless, the effect of the operator’s experience on the 
accuracy of digital implant scans is unclear. There are studies indicating 
that experienced operators perform digital scans with higher accuracies 
compared with inexperienced operators [6,18,30]. Contrarily, inexpe-
rienced operators performed better digital scans than the experienced 
operators in other studies [10,19]. Moreover, Canullo et al [26] and 
Giménez et al [15] showed that the accuracy of the digital scans per-
formed by an inexperienced and experienced operator was similar. 
These controversial results may be due to the differences in learning 
curves with IOSs and in test settings. The findings of the present study 
should be further elaborated with studies involving operators with 
different levels of experience or increased number of operators with 
similar experience. 

The accuracy of a digital scan can be affected by various factors 
including the SB design [1,2]. A recent study by Yilmaz et al [22] 
compared the scan accuracy of a maxillary central incisor implant when 
the scans were performed by using the CHA-SB system or a conventional 
SB with direct or indirect digital workflows. It was reported that the 
CHA-SB system and the digital workflow showed similar accuracy 
(trueness and precision) compared with the conventional impressions. 
In detail, digital scans had higher accuracy at some selected points on 
the SBs. In the present study, the mean distance deviation values were 
either below or similar to the reported range (50 to 178 μm) in Yilmaz et 
al’s study [22] (35.01 μm for the implant at central incisor site, 69.6 μm 
for the implant at premolar site, and 75.28 μm for the implant at the 
molar site). The accuracy of the CHA-SB system should also be compared 
with the conventional SBs in partially and completely edentulous situ-
ations in future studies as the tested system is relatively new for digital 
implant scans. The CHA-SB system differs from conventional SBs as the 
connection between the HA and the SB is based on a fit through friction 
mechanism rather than a screw. Even though this connection prevents 
rotation due to the presence of the indent in the HA and the outdent on 
the SB, the clinician should make sure that the SB is completely seated 
vertically into the HA. Nevertheless, the connection between the HA and 
the SB is supragingival, thus a potential misfit might be easier to detect 
compared with the seating issues, which may be seen with conventional 
SBs as those fit directly in mostly subgingival implants, and soft tissue 
around the implant platform may affect the seating of a conventional SB. 
With the CHA-SB system, the HA is inserted either at the time of implant 
placement or uncovering, when mostly a flap is raised, which enables 
improved visibility and the evaluation of the HA-implant connection to 
ensure that the HA is seated into the implant. To verify the fit between 
the SBs and the HAs, the congruence between the library CAD file and 
the MRM-STL file was confirmed in the present study. A previous study 
by Mangano et al [31] evaluated the congruence between the meshes of 
IOSs and a desktop scanner with the corresponding library file and re-
ported higher linear deviations (ranged 25.5 to 38.3 μm) for the 
congruence compared with those in the present study, which indicate a 
proper fit between the SBs and the HAs in the present study. However, 
considering that the present study used a different methodology 
compared with the study of Mangano et al [31] while evaluating the 
congruence, these findings should be interpreted carefully. Moreover, 
given the fact that HA of the CHA-SB system is a screw-retained PEEK 
component similar to a conventional SB, any misfit in the implant-HA 
connection might affect the scan accuracy as well as the anatomical 
contouring of the peri-implant soft tissues. Therefore, this aspect of the 
CHA-SB system should be considered clinically. 

A recent study investigated the effect of scanned area on the accuracy 

Table 1 
Two-way ANOVA for trueness and precision data.  

Property Effect df F Ratio P value 

Trueness (Distance 
Deviations) (µm) 

Operator 2 2.467 .093 
Implant Location 2 12.632 <.0001 
Operator * Implant 
Location 

4 2.474 .053 

Trueness (Angular Deviations) 
(◦) 

Operator 2 1.409 .252 
Implant Location 2 7.576 .001 
Operator * Implant 
Location 

4 3.570 .011 

Precision (Distance Deviation 
data) (µm) 

Operator 2 .504 .607 
Implant Location 2 9.008 <.0001 
Operator * Implant 
Location 

4 .997 .416 

Precision (Angular Deviation 
data) (◦) 

Operator 2 3.127 .051 
Implant Location 2 4.160 .020 
Operator * Implant 
Location 

4 .421 .793 

Abbreviation: df, numerator degrees of freedom 

Table 2 
Mean distance (µm) and angular deviation (o) values with 95% confidence limits 
for different implant locations.  

Implant 
Location 

Trueness 
(Distance 
Deviations) 
(µm) 

Trueness 
(Angular 
Deviations) (◦) 

Precision 
(Distance 
Deviation 
data) (µm) 

Precision 
(Angular 
Deviation 
data) (◦) 

Central 
Incisor 

35.01 ± 17.56a 

(27.59-42.42) 
0.35 ± 0.18a 

(0.28-0.43) 
12 ± 12.4a 

(6.8-17.2) 
0.13 ± 0.11a 

(0.08-0.18) 
Premolar 69.6 ± 32.33b 

(55.95-83.25) 
0.63 ± 0.38 b 

(0.47-0.79) 
17.8 ± 15a 

(11.5-24.1) 
0.25 ± 0.18b 

(0.18-0.33) 
Molar 75.28 ± 41.24b 

(57.86-92.69) 
0.57 ± 0.25b 

(0.46-0.67) 
32.6 ± 22.6b 

(23-42.1) 
0.18 ± 0.15ab 

(0.12-0.25) 

Different superscript lowercase letters in same column indicate significant dif-
ferences among implant locations (P < .05). 
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and time of anterior single implant scans performed using 7 points on 
the SB [16]. Among these 7 points, scan accuracy differed at a point, 
which was located interproximally at the implant-SB connection. 
Different than the indicated study [16], the present study used deviation 
values of circular planes created on SBs to evaluate the accuracy of the 
CHA-SB system. This technique may be more advantageous as it doesn’t 
rely on specific points which may not be visible, as reported in the 
previous study [16]. 

The present study is an in vitro study, and the scans were performed 
under standardized conditions. The presence of saliva or blood, gag 
reflex, patient movement, and space limitation may affect the accuracy 
of scans of the tested system [2,8,10,14], which should be further 
investigated. In the present study, the antireflective powder was sprayed 
as a very thin layer and was not removed after scanning the model with 
the industrial scanner in order to prevent damage to RM and SB surfaces. 
Nevertheless, antireflective spray application is not necessary for the 
IOS used in the present study; thus, it may be referred as a limitation. 
The effect of the spray layer on the accuracy of the CHA-SB system scans 
should be further investigated. The IOS used in the present study has 
been extensively investigated in studies involving the accuracy of IOSs 
[2,6–8,13,14,16,20,24,26,30,32,33]. However, previous studies have 
shown that IOSs with different technologies presented varying results 
for the accuracy of implant scans [6,8,24,30,32,34]. Thus, the accuracy 
of CHA-SB system should be tested in future studies involving different 
IOSs. In addition, the content of this study was limited to the accuracy of 
digital scans. However, data acquisition is followed by replacement of 
the SB mesh with the library file available in the CAD software, which is 
a crucial step as the lack of congruence between these data may lead to 
positional errors [31]. Furthermore, the deviation values obtained in the 
present study may increase, decrease, or stay the same with the subse-
quent fabrication processes. Future studies are needed to examine the 
congruence between the library file with the mesh as well as discrep-
ancies in restorations fabricated by using the CHA-SB system with 
different IOSs. 

5. Conclusions 

Within the limitations of this in vitro study, the following conclu-
sions were drawn:  

1 The implant location affected the scan accuracy of combined healing 
abutment-scan body systems in a partially edentulous maxilla  

2 The scans of the implant at central incisor site had the highest 
trueness, while the trueness of the scans of implants at premolar and 
molar sites was similar.  

3 When distance deviation data is considered, the precision of scans of 
implants at central incisor and premolar sites was similar and higher 
than that of the implant at the molar site. For the angular deviation 
data, the precision of scans of the implant at premolar site was lower 
than that of implant the central incisor site. The precision of scans of 
implant at molar site was similar to that of other tested implants.  

4 All operators’ implant scans were similar in accuracy. 
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