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Objective: The aim of the present study was to evaluate the accuracy of single implant scans with a combined
healing abutment-scan body (CHA-SB) system using different intraoral scanners.

Methods: A partially edentulous model with an implant was fabricated, and a CHA-SB system was secured on the
implant. The model was scanned using an industrial-grade blue light scanner (ATOS Core 80) and a master
reference model was generated (MRM). The model was also scanned with 4 different intraoral scanners (I0Ss)
[(Virtuo Vivo (VV), TRIOS 3 (T3), Omnicam (CO), and Primescan (PS)]. Test scans (n = 8) were superimposed
over the MRM using the best fit algorithm (GOM Inspect 2018; GOM GmbH). After superimpositions, distance
and angular deviations at selected areas on CHA-SB system were calculated. The data were analyzed with a 1-
way ANOVA and Tukey HSD tests for trueness and precision (a=0.05).

Results: The differences in trueness (distance deviations) among tested 10Ss were nonsignificant (P=.652). VV
presented the highest angular deviations (P <.031), and the angular deviations in other IOS scans were not found
different (P >.378). The precision of distance deviation data was not significantly different among scanners
(P=.052). For the precision of angular deviation data, significant differences were found among I0Ss (P=.002).
Compared with PS (P=.007) and T3 (P=.014), VV had significantly lower precision, which was not significantly
different than that of CO (P=.815).

Conclusions: The accuracy (angular deviation) of scans of a combined healing abutment-scan body system on a
single implant varied depending on the IOS. VirtuoVivo scans had the lowest accuracy in terms of angular de-
viations. When the distance deviation data were considered, scan accuracy of scanners was similar.

Clinical Significance: A recently introduced combined healing abutment-scan body system combines the acqui-
sition of both the implant and the soft tissue. When different intraoral scanners scan the combined healing
abutment-scan body system, the scan accuracy may vary.

1. Introduction

Impression of a dental implant can be taken digitally with scanners
(intraoral or laboratory) and the scans can be processed by using com-
puter aided design-computer aided manufacturing (CAD-CAM) tech-
nologies [1-3]. Digital workflow consists of two methods, direct or
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indirect [3-5]. With the indirect method, a stone cast, which is obtained
after a conventional impression, is digitized with a laboratory scanner
(LBS) and scan bodies [3, 4, 6]. Direct workflow includes intraoral
scanners (I0Ss) and scan bodies (ISBs) [6], and has certain advantages
over indirect method as the intraoral data is directly transferred to the
laboratory, and potential conventional impression- and stone

Received 30 April 2021; Received in revised form 28 July 2021; Accepted 3 August 2021

Available online 9 August 2021
0300-5712/© 2021 The Authors.

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Published by Elsevier Ltd.

This is an open access article under the CC BY-NC-ND license

Please cite this article as: Giilce Cakmak, Journal of Dentistry, https://doi.org/10.1016/j.jdent.2021.103773



mailto:burak.yilmaz@zmk.unibe.ch
www.sciencedirect.com/science/journal/03005712
https://www.elsevier.com/locate/jdent
https://doi.org/10.1016/j.jdent.2021.103773
https://doi.org/10.1016/j.jdent.2021.103773
https://doi.org/10.1016/j.jdent.2021.103773
http://creativecommons.org/licenses/by-nc-nd/4.0/

G. Cakmak et al.

cast-related flaws are eliminated [2, 7, 8]. Regardless of the technique,
the CAD starts with the replacement of the SB’s scan, which is an
approximation of the real SB, with the corresponding library file that is
available in the CAD system. However, problems may arise if the
congruence between the library file and the SB’s scan is not optimal [9].

ISBs are available in different shapes and sizes and most ISBs are
cylindrical or conical, which, in some situations, doesn’t enable proper
soft tissue contouring for an optimal emergence profile. In addition, with
apically placed implants, removal of the HA may traumatize the soft
tissues, and accurate positioning of the ISB may be challenging due to
the thickness of the soft tissues around the platform (neck) of the
implant [3].

Coded healing abutments (HAs) were first introduced in 2004 to be
used with conventional impression techniques [10]. Then, the coded
HAs became available for digital implant scans [11] as the data
regarding the position, type, and size of the implant are embedded in
their occlusal surface codes [6, 10, 12]. Coded HAs can be scanned after
the soft tissues are healed or the scan can be performed immediately
after implant placement or uncovering, which avoids the need for a
separate scan appointment [13]. Therefore, the placement of the
definitive crown is facilitated. Avoiding a separate scan appointment
minimizes the peri-implant soft tissue irritation as the number of times
the HA is removed and tightened back on the implant is reduced [12].
Recently, a combined healing abutment-scan body (CHA-SB) system,
which consists of a contoured HA and an ISB, has been introduced [13,
14]. CHA-SB system enables contouring of soft tissues for a proper
emergence profile, which helps the soft tissues to better tolerate the
placement of a definitive restoration at the delivery appointment. The
implant and the soft tissue can be scanned at once as the contoured
emergence profile of the HA already exists in the software, enabling its
reproduction on the definitive restoration.

Accuracy can be described as the proximity to the actual dimensions
of an object and it is the combination of trueness and precision [2, 7, 15].
Trueness is defined as the closeness of the measurement to the real sizes
of an object, whereas precision is described as the closeness of repeated
measurements of an object to each other. High trueness means a close
result to the measured object, as high precision is achieved through
predictable and repeatable measurements [16]. Current LBSs and IOSs
use varying mechanisms to capture the raw data in point cloud form [2,
4,171, and the use of I0Ss with different scan mechanisms may result in
differences in accuracy [18]. I0S-ISB interaction may also affect the scan
accuracy due to the differences in scan mechanisms [3, 4]. The use of
CHA-SB has been reported in a clinical report [15], however, studies on
the scan accuracy when CHA-SB is used are lacking [19]. No studies yet
compared the scan accuracy when the CHA-SB system is digitized with
different I0Ss. Therefore, the purpose of this study was to compare the
accuracy (trueness and precision) of single implant scans of the CHA-SB
system when 4 different I0Ss with different data acquisition technolo-
gies were used. The null hypotheses were that i) I0Ss would not affect
the trueness and ii) IOSs would not affect the precision of the single
implant scans when the CHA-SB system is scanned.

2. Materials and methods

A poly(methyl methacrylate) (PMMA) mandibular partially edentu-
lous master model was fabricated with a single implant at the first molar
site (4.0 mm x 11 mm, Neoss ProActive Straight, Neoss Implant System,
Harrogate, England). Implant was placed positioning its inner slot
(groove) buccally to align the indexed HA in this slot according to the
manufacturer’s recommendations [13, 14].

A polyetheretherketone (PEEK) HA (Esthetic Healing Abutment,
Neoss Implant System, Harrogate, England) of the CHA-SB system
(Fig. 1) was tightened to the implant with a screw driver lining up with
the buccal groove in the implant. The groove enables correct positioning
of the anatomic shape of the HA, and the position of the implant can be
acquired when the CHA-SB is scanned. Then, a medical grade acrylic
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Fig. 1. Combined healing abutment (left) and scan body (right) system
(separated parts at the top and when combined at the bottom).

resin SB (ScanPeg, Neoss Implant System, Harrogate, England) was
inserted into the HA. When positioning the SB into the HA, a vertical
outdent on the SB was aligned with an indent (keyway) in the HA (Fig. 2)
[13, 14]. The SB is secured in the HA through friction. The HA-SB
connection enables one certain SB position in the HA horizontally, and
the indent-outdent prevents the rotation of the SB [13]. This connection
is different than a conventional SB-implant connection, where the SB is
secured in the implant with a screw. The components of the CHA-SB
system were not separated until all scans were completed.

Before scanning, a 2 pm thin layer of antireflective powder was
sprayed on the surface of the master model. A master reference model
standard tessellation language file (MRM-STL) was created by scanning
the model with an industrial-grade blue light scanner (ATOS Core 80
5MP, GOM GmbH, Braunschweig, Germany), which has a 6 pm sphere
space error and 8 um size error, and then reverse engineered via a
digitizing software (Pro 8.1, GOM GmbH, Braunschweig, Germany) [2].

Four different I0Ss with different scan mechanisms were used to
acquire the scans: TRIOS 3 (T3) (Cart version 1.4.7.5, 3Shape, Copen-
hagen, Denmark) utilizes confocal microscopy and ultrafast optical
scanning technology, Cerec Omnicam (CO) (version 4.6.1, Cerec-
Dentsply Sirona, Bensheim, Germany) depends on optical

Fig. 2. Poly(methyl methacrylate) (PMMA) master model.
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triangulation and confocal microscopy, Cerec Primescan (PS) (version
5.0.0, Cerec-Dentsply Sirona, Bensheim, Germany) uses smart pixel
sensor, and Virtuo Vivo (VV) (version 3.0, Dentalwings, Montreal,
Quebec, Canada) operates on a blue laser scanner with multiscan im-
aging technology. Eight consecutive scans were made with each IOS by
the same operator in a humidity and temperature controlled room (G.
C.). Calibrations were performed by the same operator before each scan
and all scans were completed with following the recommendations I0S
manufacturers. All scans started from the molar distal to the implant.
Scan strategies used in the present study were as follows:

CO: The scan started capturing half of the arch from the occlusal
aspect of the molar and scanned the lingual surfaces to the lateral incisor
on the other side of the arch. Then, occlusal surfaces were scanned
moving back distally to the starting point. Half-arch scan was completed
by scanning the buccal surfaces. This scanning sequence was also
implemented for the acquisition of the opposite quadrant [20].

PS: Scan started capturing the lingual surfaces, and then the occlusal
surfaces in the entire arch were scanned moving back to the starting
point, and the acquisition was completed by scanning the buccal aspects
[21].

T3: The scan was started from the occlusal surface and captured the
entire arch, with a return to scan the lingual surfaces as recommended
by the manufacturer. Acquisition was completed by scanning the buccal
surfaces [22].

VV: This IOS had no recommended strategy defined by the manu-
facturer, therefore, the scan path of T3 was adopted.

Once all SB and master model surfaces were captured without any
major imperfections, a scan was considered complete [1].

To evaluate the accuracy, IOS scans (test scans) were converted to
STL files and superimposed over the MRM-STL (nominal scan) with a
three-dimensional (3D) metrology software (GOM Inspect 2018, GOM
GmbH, Braunschweig, Germany) by using the best fit algorithm [2].
Nominal and test scans (IOS scans) were superimposed with the
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prealignment feature of the software for initial alignment followed by
using the “Local best-fit” feature of the software to minimize errors.

In order to determine the trueness (distance and angular deviations)
of I0S scans, a coordinate system was created [2] and the mean distance
and angular deviations were calculated for each IOS. A circular plane
was created on the uppermost surfaces of the SBs in nominal and test
scans [2]. One additional circle for each of the scans (one for nominal
and 1 for each IOS test scan) 3 mm below and parallel to the top circular
plane was generated (Fig. 3). The linear deviations between the two
circles on each scan were then calculated in %, y, and z axes. The 3D
distance deviations in each IOS scan were calculated by using the
following formula: 3D=(y/x2 + y? + 22) [2].

Angular deviations were measured by using the same software, by
calculating the angle between the circles (both in nominal and IOS test
scans). Nominal was accepted as 0-out one position and the 3D angle in
between these circles was recorded [2].

The congruence between the MRM-STL and the library file of the
CHA-SB was also evaluated by using the abovementioned methods to
verify the fit between the HA and the SB (Fig. 4).

The statistical evaluation of the results was performed (IBM SPSS
Statics 25.0, SPSS Inc, Chicago, IL). Means and 95% confidence limits for
distance and angular deviation data were calculated. The data obtained
were compared with 1-way analysis of variance (ANOVA), and the
Tukey HSD Post-Hoc analysis was utilized to resolve significant in-
teractions (x=0.05). The number of scans for each I0S was determined
by a power analysis (power: 0.80, a: 0.05, and effect size: 0.6) based on
the results of a previous study [2]. After the initial analysis, it was
observed that the sample size allowed the detection of highly statisti-
cally significant differences; therefore, no additional scans was deemed
necessary. The homogeneity of the variances among scanners was
evaluated for precision [2, 4] by using the Student’s t-test (x = 0.05).

Fig. 3. Circular planes generated for the distance and angular deviation measurements.
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Fig. 4. The congruence between the MRM-STL and the library file of CHA-SB.

3. Results

The superimposition of the MRM-STL over the library CAD file of the
CHA-SB system revealed a maximum linear deviation of 4.4 pm and an
angular deviation of 0.03° (Fig. 4).

The results of the Tukey HSD test are presented in Table 1. One-way
ANOVA results of the trueness revealed that the IOS had a significant
effect on angular deviations (F = 0.551, df=3, and P=.001). VV had the
highest mean angular deviations (P=.031 vs CO, P<.0001 vs T3, and
P=.006 vs PS). The mean angular deviation with VV was 1.25+0.63°
and the estimated difference in means was 0.66 with CO, 1.03 with T3,
and 0.81° with PS. However, angular deviations compared with the
other tested IOSs were not significantly different (P >.378). I0S’s effect
on distance deviations was nonsignificant (P=.652).

One-way ANOVA revealed that the IOS had a significant effect on
precision of the scans (angular deviation data) (F = 6.227, df=3, and
P=.002). VV had significantly lower precision (angular deviation data)
compared with PS (P=.007) and T3 (P=.014). Difference in precision
between VV and CO (P=.815), and PS and T3 (P=.992) was not signif-
icant. For precision of distance deviation data, no statistical difference
was found among I0Ss (F = 2.908, df=3, and P=.052).

4. Discussion

The first null hypothesis that the trueness (3D distance and angular
deviations) would not be affected by the IOS type was rejected as
angular deviations varied in the scans of different I0Ss. The second null
hypothesis was also rejected as the scan precision of I0Ss was different
in terms of angular deviation data. Precision of CO (distance deviation
data) was lower than that of other IOSs, but, this finding should be
interpreted cautiously as the P value was only slightly above 0.05
(P=.052).

In the present study, the trueness and precision of distance deviation
data in different IOS scans were similar, but, the trueness and the pre-
cision of angular deviation data showed significant differences amongst
the scans of I0Ss. VV presented the lowest trueness and had lower
precision (angular deviation data) along with CO, compared with the
other two IOSs. Accordingly, VV had the lowest accuracy among the

Table 1
Mean distance (um) and angular deviation (°) values for different I0Ss.

I0S  Distance
Deviation (um)
for Trueness

Distance
Deviation (um)
for Precision

Angular
Deviation (°)
for Trueness

Angular
Deviation (°)
for Precision

A% 105.3 + 26.5% 1.25 + 0.63° 18.8 +17.2° 0.53 + 0.28°
T3 127 + 21.2° 0.22+£0.15% 14.1 + 14.9% 0.12 £ 0.09%
co 124.6 + 58.6* 0.59 +0.61 2 47.5 + 29.4° 0.42 + 0.41%
PS 126.6 + 41.4° 0.44+0.11° 24.6 + 32° 0.08 + 0.07%

Different superscript lowercase letters in same column indicate significant dif-
ferences among groups (P<.05).

10Ss tested, which use varying data acquisition technologies [2, 8, 23]
that may be the reason for the differences in their accuracy. Neverthe-
less, all tested IOSs in the present study presented lower distance de-
viations than 150 pm (Table 1), which may be considered clinically
acceptable [24]. The distance deviation results in the present study are
also within the range of previous studies for single implant scans, which
was 22.3 to 226.23 pm [7, 23] for T3, from 28.4 to 372.48 pm [7, 23] for
CO, and from 43.35 to 204.4 pm [23] for PS. The distance deviation
values reported for VV ranged from 38 to 79 pm [2, 8] when multiple
implants were scanned. The studies on the accuracy of IOSs tested in the
present study are generally based on multiple-implant scans [2, 8, 25,
26]. Since VV is a recently introduced I0S [2], not many studies have
investigated its performance, and future studies are necessary to report
its deviation range and to broaden the knowledge on the performance of
other I0Ss when a single implant is scanned.

An inaccurate scan may lead to an ill-fitting definitive prosthesis [8],
and a recent review on the effect of IOSs on the marginal accuracy of
CAD-CAM crowns reported the significance of the IOS type [27]. Higher
distance and angular deviations may also affect the interproximal and
occlusal contacts of definitive restorations, and authors are unaware of a
study, which evaluated the proximal or occlusal contact of the restora-
tions fabricated by using the scans of different IOSs. Taking into account
that VV had scans with lower accuracy (angular deviations), definitive
restorations fabricated with the scans of VV may require more intra-
oral/chairside adjustments.

In a previous study [8], where the trueness was compared among 12
10Ss when scanning an edentulous maxilla with 6 implants, CO had the
lowest trueness among the IOSs tested in the present study when
mesh/mesh method (superimposing the virtual models obtained with
10Ss with a reference model derived from a certified scanner) was used.
In another study [7], the accuracy of 5 I0Ss was evaluated for the scans
of a single implant, two implants to be restored with a partial prosthesis,
or a complete maxillary arch with 6 implants. T3 had higher scan ac-
curacy for the single implant scan compared with CO. Similarly, in the
study by Imburgia et al. [25], T3 had higher trueness than CO when a
partially edentulous maxilla (3 implants) was scanned, and no signifi-
cant difference in precision was reported. The accuracy of T3 and CO
was similar when an edentulous maxilla was scanned. The trueness of
the scans of 10 I0Ss using a simulated implant SB in a partially eden-
tulous mandibular model was evaluated in another study, and PS and T3
presented better trueness than CO [23]. In the present study, the accu-
racy of T3, CO, and PS was similar. Nevertheless, direct comparison of
the results of the present study with abovementioned studies [7, 8, 23,
25] is not possible, since the SB design in those studies was different than
that of CHA-SB.

Previous studies that investigated the accuracy of scans widely used
conventional SBs, which were tightened directly on implants [1, 2, 4, 6].
However, SB in CHA-SB system is secured on an HA and the connection
between the HA and the SB does not involve a screw; the fit between the
HA and the SB is through friction. Clinician should make sure that the SB
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seats in the HA completely by pressing on the SB, and the antirotational
feature provides horizontal stability. Nevertheless, conventional SBs
may also present with seating issues particularly when the implant is
placed deep apically, an implant with a deeply tapered internal
connection is used, and a mismatch is present between the base of the SB
and the internal connection of the implant [3]. Considering that the HA
and SB assembly’s interface is supragingival, it may be easier to detect
potential seating errors due to high visibility of the area. The fit between
the HA and the SB in the present study was assessed by evaluating the
congruence between the MRM-STL file with the corresponding library
file. To the authors’ knowledge, only one study has evaluated the
congruence between the meshes of SBs and the library CAD file [9].
Mangano et al. [9] reported deviation values ranging from 25.5 to 38.3
pm, which are higher than the calculated deviation from the library file
in the present study. The favorable congruence found in the present
study may be an indicator of the easy insertion of the SB into the HA. The
congruence between the meshes and the library file was reported to be
affected by the type of the scanner [9]. The present study evaluated the
congruence between the master model mesh and the library file to assess
the assembly between the HA and the SB. Future studies should evaluate
the reliability of the CHA-SB scans performed with different IOSs eval-
uating the congruence between the intraoral scanners’ scans and the
library file. The findings of such a study may enable improved under-
standing of potential clinical outcomes with the tested system.

The accuracy of SBs may be affected by the manufacturing tolerances
[28, 29] as various types of materials (titanium alloys, PEEK, aluminum
alloy, and resins) are used for the body part of the SBs [3]. Schmidt et al.
[28] investigated the manufacturing tolerance of three ISBs by using
x-ray computed tomography and concluded that manufacturing toler-
ances had the potential to affect the accuracy. A recent study substan-
tiated these findings; the authors reported tolerances in height,
diameter, and plane measurements of 6 different 1-piece SBs and the
height measurements in conical connection implants had the highest
tolerances and deviations [29]. Considering that the CHA-SB is a 2-piece
system, the manufacturing tolerance might have a greater effect on the
scan accuracy compared with a 1-piece SB. The effect of manufacturing
tolerance on CHA-SB system’s scan accuracy should be investigated in
future studies.

A recent study compared the scan accuracy when the CHA-SB system
was used with direct workflow and a conventional SB was used with
direct or indirect workflows. All tested workflows presented similar
accuracy [19]. Yilmaz et al’s [21] study used one of the IOSs investi-
gated in the present study (TRIOS 3) to scan the CHA-SB system and the
deviation values ranged between 50 and 178 pm, which are in line with
the deviations found in the present study.

Previous publications on ISBs concluded that the interaction be-
tween the ISB design and the scanner technology is crucial for digital
scans [3, 4]. In addition, the IOS’s scan accuracy evaluation may be
affected by the reference scanner, choice of the digitization method,
best-fit alignment, and distribution and number of surface data points
[6]. The reference scanner used in the present study is a high-accuracy
industrial structured-light scanner. This scanner and the metrology
software program used in the present study have been commonly used in
dental research studies for accuracy measurements [2, 30]. The stan-
dardization and accuracy of deviation calculations in the present study
were attempted to be optimized with the use of these 2 metrology-grade
digital research tools.

The present in vitro study was performed under standardized con-
ditions, however, scan accuracy may be influenced by patient specific
factors, the environment the scans were performed, and the presence of
saliva or blood [1, 4, 8]. One experienced operator performed the scans,
however, operator experience might affect the accuracy of intraoral
scans [26, 31, 32]. Thus, the findings may vary depending on the
operator. The scan accuracy may be affected by the number of implants,
[7, 251, therefore, the CHA-SB system should be scanned when used on
multiple implants to evaluate the effect of number of implants on the
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scan accuracy. The CHA-SB can only be used with a certain implant
brand, which limits its applicability [13]. The CHA-SB is a relatively new
system and to the authors’ knowledge, the present study is the first study
that evaluated the effect of IOS on the scan accuracy. Nevertheless,
clinical studies are necessary to corroborate the findings of the present in
vitro study and to better understand the clinical outcomes. Future
studies should also investigate the effects of different IOSs on the ac-
curacy of definitive restorations fabricated by using the CHA-SB scans.

5. Conclusions

The following conclusions were drawn according to the findings of
this in vitro study:

1 The accuracy (trueness and precision) of single implant scans of
combined healing abutment-scan body system was similar with
tested IOSs in terms of distance deviations.

2 The accuracy of scans of combined healing abutment-scan body
system for angular deviations was significantly different among
tested I0S. VirtuoVivo presented the lowest accuracy for angular
deviation data.
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