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ABSTRACT

Statement of problem. Digital scans for complete arch implant fixed dental prostheses are typically performed using implant scan bodies
(ISBs). Scannable healing abutments may be an alternative to ISBs. However, evidence on the accuracy, scanning time, and number of
photograms of digital scans using scannable healing abutments remains uncertain.

Purpose. The purpose of this clinical study was to evaluate the scanning accuracy, scanning time, and number of photograms of scannable
healing abutments of several heights in comparison with standard ISBs.

Material and methods. A reference stone cast was obtained from a patient with 7 maxillary implants from a splinted open-tray conventional
impression. It was digitized by using a laboratory scanner (E4 Scanner). A milled titanium bar was manufactured, and passive fit was evaluated
clinically and radiographically. Three groups (n=15) were determined based on the devices used during the intraoral scanning procedure
(TRIOS 4): standard ISB (Scanbody 2800) (Group STD), 5-mm height scannable healing abutment (TissueShaper 5 mm) (Group TS5), and 7-mm
height scannable healing abutment (TissueShaper 7 mm) (Group TS7). The implant abutment discrepancy between the platform of the
abutments of the digitized reference cast and the intraoral scans from the different groups were calculated. Maximum deviation (highest value
of misfit per scan) and overall deviations (mean of all the deviations of the scan) were considered. The scanning time and number of
photograms were registered. The 1-way ANOVA and Tukey tests were used to analyze trueness. The Levene test was used to analyze the
precision. ANOVA and the post hoc Tukey test were used to evaluate the scanning time and numbers of photograms (a=.05).

Results. Significant trueness differences were found in the overall and maximum misfit among the groups (P<.05). Significant precision
discrepancies were revealed in the maximum misfit (P<.05) but not in the overall misfit (P=.56). The highest deviations were in the STD group
(overall: 94 +6 um; maximum misfit: 172 +24 um), followed by TS5 (overall: 72 £10 pm; maximum misfit: 112 +15 um) and TS7 (overall: 63
+9 um; maximum misfit: 91 £20 pm). Significant differences in scanning time and number of photograms were found between the STD group
and both the TS5 and TS7 groups (P<.01). The longest scanning time (129.9 £16.7 s) and highest number of photograms (1322 +150
photograms) were in the STD group in comparison with TS5 (71.7 £10.8 s; 805 +104 photograms) and TS7 (77.3 £0.9 s; 764 £119 photograms).

Conclusions. The tested scannable healing abutments improved the accuracy and decreased the scanning time and number of
photograms in complete arch implant digital scans recorded by using the 10S assessed. (J Prosthet Dent XXXX;XXX:XXX-XXX)
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Clinical Implications

The scannable healing abutments tested may be
used to record implant positions in complete arch
implant scans by using the IOS evaluated,
improving the scanning accuracy and reducing the
scanning time and number of photograms.

Digital workflows have been introduced in dentistry,"”
with intraoral scanners (IOSs) used to register not only
teeth and soft tissues but also dental implants.” * Factors
identified as influencing factors on the accuracy of im-
plant digital scans”® include operator-related fac-
tors,” '' ambient lighting conditions,'” " scanning
pattern,” " and ISB design,'”*' Numerous recent
studies™ "’ have aimed to quantify the accuracy of
complete arch implant digital scans, as complete arch
implant digital scans have been considered insufficiently
accurate to obtain reliable digital casts.”

Accurately reproducing the implant position is es-
sential for successful implant-supported prostheses,”*
especially in long-span or complete arch implant-sup-
ported dental prostheses (CIDPs).”””® A passive fit has
been associated with a lack of mechanical or biological
complications.3 738 As a consequence, several meth-
odologies have been described to improve the accuracy
of complete arch implant digital scans.”""’

In digital workflows using 1OSs, the 3D position of
the implants is transferred by means of implant scan
bodies (ISBs).'”*" Previous studies have aimed at de-
termining the influence of the ISB characteristics on the
accuracy of implant scans recorded by using 10Ss.*" **
Although some parameters related to the ISBs have
been identified as influencing factors,”*'"** the evidence
is still scarce; as a result, these studies have concluded
that further research with this scope is needed.

In addition to standard designs, alternative ISB
configurations have been proposed, such as horizontal
ISBs™*" or those intended for use with healing abut-
ments.”” Recently, scannable healing abutments have
been introduced. While using healing abutments to re-
plicate implant position is not a new technique, the
accuracy of this method remains uncertain.”” " More-
over, much of the existing research on ISBs is based on
in vitro studies, highlighting the need for clinical trials to
better assess performance. Additionally, previous studies
using similar methodologies have incorporated scanning
time and the number of photograms into their data
collection.'”"*"">* While these factors are less critical
than accuracy for the prosthesis, longer scanning time
may reduce patient comfort, and a higher number of
images may result in larger file sizes. The present clinical
study aimed to analyze the accuracy (trueness and
precision), scanning time, and number of photograms of
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complete arch intraoral implant scans obtained with
standard ISBs or scannable healing abutments (5- or 7-
mm height). The null hypotheses were that no differ-
ences would be found in the scanning trueness and
precision, scanning time, and number of photograms of
complete arch intraoral implant scans obtained with
standard ISBs or scannable healing abutments.

MATERIAL AND METHODS

The inclusion criteria involved patients with a com-
pletely edentulous arch with 6 to 8 osseointegrated
implants complying with success criteria, older than 18
years old, and in good medical conditions (American
Society for Anesthesiologists type I or II). The exclusion
criteria included patients with limited mouth opening or
with peri-implantitis. The research protocol had been
approved by an International Review Board Committee
(22/645-E).

A patient with an edentulous maxillary arch was
selected for the study. The patient had 7 healthy dental
implants placed in the maxillary arch in the right first
molar, right and left first premolar, right and left lateral
incisor, left canine, and left second molar positions. The
maxillary arch presented an interim screw-retained
complete arch implant-supported prosthesis screwed
onto transepithelial multiunit abutments. The patient
was informed of the study's methodology, questions
were resolved, and an informed consent was signed.

For the reference cast, a conventional impression was
made by following a modified shim open tray splinted
technique.”” The open-tray implant impression abut-
ments (Impression Coping Open Tray Transepithelial
4.8 Non-Eng; Avinent Implant System) were hand
tightened to the implant abutments. A preliminary
open-tray impression was obtained by using a perfo-
rated prefabricated plastic tray. An implant analog was
positioned to each implant impression abutment, and
the impression was poured with a gingival mask (Gi-
Mask; Coltene) and Type IV dental stone (Fujirock EP;
GO) according to the manufacturer recommendations.
The preliminary cast was retrieved after the dental stone
had completely set.

The preliminary stone cast was digitized to design a
splinting framework for the definitive implant im-
pression. First, ISBs (transepithelial scan body 2800;
Avinent Implant System) were hand tightened on the
implant abutment analogs as endorsed by the manu-
facturer. Then, a calibrated desktop scanner (E4 Desktop
Scanner; 3Shape A/S) was used to digitize the cast.
Afterwards, a splinting framework was designed
(DentalCAD 3.1; exocad GmbH). The design included 7
cylinders, 1 per implant, connected by a bar. This fra-
mework was milled (CAD/CAD Idodentine disc;
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Figure 1. A, Milled framework and splinted open-tray copings for double-splinted conventional impression. B, Titanium milled bar for passive fit

evaluation.

Unidesa) and saved for the definitive implant im-
pression. An open-tray photopolymerized acrylic resin
custom tray was also manufactured (Kiero Planchas
Tray; Kuss Dental).

The definitive conventional implant impression was
obtained. An open-tray implant impression abutment
was screwed on each implant abutment. The milled
framework was splinted to the implant impression
abutments by using photopolymerizing material
(Conlight; Kuss Dental) (Fig. 1A). After the complete
polymerization of the splinting material, the conven-
tional implant impression was completed by using the
open-tray custom tray and a polyether impression ma-
terial (Impregum; 3M ESPE). The impression was re-
trieved after the recommended working time and
poured with Type IV dental stone (Fujirock EP; GC) to
obtain the definitive implant stone cast.

The definitive implant stone cast was digitized by
using the same calibrated desktop scanner. On each
implant abutment analog, a new ISB (transepithelial
scan body 2800; Avinent Implant System) was tightened
at 10 Ncm according to the manufacturer's re-
commendations. The cast was digitized, and the STL file
was imported into a software program (DentalCAD 3.1;
exocad GmbH). A CAD object of the ISB was aligned
with each ISB of the digitized definitive cast. Then, the
definitive virtual implant cast was obtained.

A screw-retained implant-supported framework was
designed and manufactured from the definitive implant
cast to check the accuracy of the definitive implant cast.
The framework was manufactured in Ti grade V (Colado
CAD Ti5 Disc; Ivoclar AG) using a milling machine
(PrograMill PM7; Ivoclar AG) (Fig. 1B). The fit of the
implant-supported Ti framework was first checked in
the definitive implant stone cast using the alternative
pressure test, the Sheffield test, and visual and tactile
(with an explorer) verification. The same procedure was
performed in the patient’s mouth, where periapical
radiographs were also obtained with the parallelization
method.'® After checking for adequate implant frame-
work fit, the definitive virtual implant was considered as
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the reference cast; therefore, linear and angular devia-
tions of the specimens were assessed through compar-
ison with this cast. Three groups were established based
on the type of ISB used: standard ISBs (STD group) and
scannable healing abutments with heights of 5 mm (TS5
group) and 7mm (TS7 group). Complete arch digital
scans for all the groups were acquired intraorally using a
calibrated intraoral scanner (TRIOS4, v.22.2; 3Shape A/
S). Calibration of the IOS was performed according to
the manufacturer’s instructions at the start of each
group. All scans were conducted by a single operator (M.
G-P) with 8 years of experience using IOS systems and
under controlled temperature and lighting conditions
(1000 50 lux).'*"* The number of photograms and the
scanning time (seconds) for each specimen were re-
ported by the IOS software program.

Seven new ISBs were tightened to 10 Ncm to the
implant abutments, as endorsed by the manufacturer.
They were not adjusted or disturbed until the data ac-
quisition process was completed. The zig-zag scanning
protocol was followed."” """ All the scans started at the
implant abutment located in the first right molar posi-
tion. The IOS head was advanced from buccal to lingual,
recording the IBSs’ surfaces and soft tissues until the
scan was completed. All the scans were evaluated, and
those that included mistakes or areas that were not
properly recorded were excluded and repeated.

For the scannable healing abutments groups (TS5
and TS7 groups), metal hemispherical dome-shaped
ISBs were used (Tissue Shaper; MedicalFit). Their design
includes 2 oval flat bevels corresponding to the hemi-
sphere segmentation at 35 degrees from the x-axis.
(Fig. 2) This angulation allowed the IOSs to capture the
flat bevels from an occlusal view during the scan and
facilitated the fitting of the virtual replicas during the
software procedure. Additional indentations were in-
cluded to identify whether the ISB was of 5mm (one
additional circle plane) or 7mm (two additional circle
plane) height. In the TS5 group, a 5-mm height scan-
nable healing abutment (Tissue shaper 5mm; Medi-
calFit) was used. In the TS7 group, a 7-mm height

THE JOURNAL OF PROSTHETIC DENTISTRY



Volume xxx Issue xx

Figure 2. A, Scannable healing abutments of 5mm and 7 mm height.
B, Axial view of scannable healing abutment design.

scannable healing abutment (Tissue shaper 7mm;
MedicalFit) was used (Fig. 3A-D). For the STD group, a
10-mm height cylindrical metal-polyetheretherketone
(PEEK) ISBs was used (Scan body 2800; Avinent Implant
System). A geometrical bevel that was oriented to the
lingual to maximize the scanning accuracy was included
in this design (Fig. 3E, F). Fifteen scans per group were
performed. The sample size was estimated considering
previous studies.' %717

The deviations at the implant abutment level were
calculated. First, the circumferences corresponding to

the CAD bar’s connections at the implant abutment
were selected using the software program tools
(Meshmixer v3.5; Autodesk) (Fig. 4). The STL file with
the 7 circumferences was named “reference connections
file” (RCF). The same procedure was followed to obtain
the circumferences of the control and test groups. In TS5
specimens, a CAD object of the corresponding ISB was
superimposed ( Fig. 5A, B). Then, the circumferences of
the TS5 ISBs at the abutment level were selected by
using the software program tools. An STL file was saved
and codified with the group's name and number. The
file with the circumferences of the TS5 ISBs and the RCF
were then aligned by best fit (Fig. 5C). Once super-
imposed, the software program tools were used to ob-
tain the highest deviation value between the
connections of all the implants (Fig. 6A). This was
considered as the maximum misfit of the specimen.
Then, this procedure was repeated for each implant
individually, obtaining the maximum discrepancy per
implant (Fig. 6B). These values were used to obtain the
overall misfit, calculating the average of the dis-
crepancies of all 7 of the implants on each scan. This
procedure was repeated for all the specimens of the
control, TS5, and TS7 groups.

A software program (IBM SPSS Statistics, v26; IBM
Corp) was used for the statistical analysis of the study
data (a=.05). The Shapiro-Wilk test was performed to
evaluate the normal distribution of the data for each
studied variable (overall deviation (P=.290), maximum
deviation P=.244), scanning time (P=.002), and number
of photograms (P=.274). One-way ANOVA followed by
the Tukey pairwise comparisons test was used to assess

Figure 3. A, B, Representative example of TS5 group scans (frontal and occlusal view). C,D, Representative example of TS7 group scans (frontal and
occlusal view). E,F, Representative example of STD group scans (frontal and occlusal view). STD, standard implant scan body (Scanbody 2800); TS5,
5-mm height scannable healing abutment (TissueShaper 5 mm); TS7, 7-mm height scannable healing abutment (TissueShaper 7 mm).
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Figure 5. A, Representative figure of TS5 CAD object superimposition. B, Representative figure of model with TS5 CAD objects superimposed. C,
Representative model with TS5 connections selected. CAD, computer-aided design; STD, standard implant scan body (Scanbody 2800); TS5, 5-mm
height scannable healing abutment (TissueShaper 5 mm); TS7, 7-mm height scannable healing abutment (TissueShaper 7 mm).

A

Figure 6. A, Representative figure of highest deviation of one specimen (123 um) in implant located in left canine position. B, Representative figure

of individual highest deviation per implant (74 um).

trueness, scanning time and number of photograms. The
Levene test was used for precision analysis.

RESULTS

For the overall deviations, 1-way ANOVA (F=48.28,
df1=2, df2= 27.1, P<.01) demonstrated significant true-
ness differences among the groups tested. The Tukey
post hoc test showed significant trueness differences
between the STD group and both the TS5 and TS7
groups (P<.01). Significant trueness differences were
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also found between the TS5 and TS7 groups (P=.018).
For precision, the Levene test did not show significant
differences among the groups tested (P=.562). The mean
+SD of the overall deviations was 94 +6 pm for the STD
group, 72 £10 pm for the TS5 group, and 63 +9 pm for
the TS7 group (Table 1, Fig. 7).

Regarding the maximum deviation analysis, 1-way
ANOVA (F=48.28, dfl=2, df2=27.1, P<.001) revealed
significant maximum deviation among the groups
tested. Additionally, the Tukey post hoc test showed
statistical differences among all the groups tested
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Table 1.Descriptive data of deviations, scanning time, and number of photograms reported in groups tested

Group Overall Deviations (Mean +SD) Maximum Deviation Per Scan (Mean Scanning Time Number of
(Trueness +Precision) (um) +SD) (Trueness *Precision) (um) (Seconds) Photograms
STD 94 +6 172 +24 129.9 £16.7 1322 +150
TS5 72 £10 112 £15 71.7 £10.8 804 £105
TS7 63 9 91 £20 77.3 £10.9 764 £119

SD, standard deviation; STD, standard implant scan body (Scanbody 2800); TS5, 5-mm height scannable healing abutment (TissueShaper 5 mm);
TS7, 7-mm height scannable healing abutment (TissueShaper 7 mm).
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Figure 7. A, Q-Q graphic of sample distribution (overall deviations). B, Plot of overall deviations results (mean 95% Cl). Cl, confidence interval; STD,
standard implant scan body (Scanbody 2800); TS5, 5-mm height scannable healing abutment (TissueShaper 5 mm); TS7, 7-mm height scannable
healing abutment (TissueShaper 7 mm).

(P<.05). The Levene test reported significant precision Regarding the scanning time analysis, the 1-way
differences among the groups (P=.045), with STD being ~ ANOVA found significant differences (F 67.6, df1 2, df2
more precise than the TS5 and TS7 groups. The mean  27.2, P<.001) among the groups tested. The Tukey post
+SD of the maximum deviation was 172 +24 mm for the ~ hoc test showed that differences were found between
STD group, 112 +15 mm for the TS5 group, and 91 +20  the STD group (129.9 +16.7s) and both TS5 (71.7

mm for the TS7 group (Table 1, Fig. 8). +10.8s) and TS7 groups (77.3 +10.9s) (P<.001). No
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Figure 8. A, Q-Q graphic of sample distribution (maximum deviations). B, Plot of maximum deviations results (mean 95% Cl). Cl, confidence interval;
STD, standard implant scan body (Scanbody 2800); TS5, 5-mm height scannable healing abutment (TissueShaper 5 mm); TS7, 7-mm height scannable
healing abutment (TissueShaper 7 mm).
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Figure 9. A, Q-Q graphic of sample distribution (scanning time). B, Plot of scanning time results (mean 95% Cl). Cl, confidence interval; STD, standard
implant scan body (Scanbody 2800); TS5, 5-mm height scannable healing abutment (TissueShaper 5 mm); TS7, 7-mm height scannable healing

abutment (TissueShaper 7 mm).
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Figure 10. A, Q-Q graphic of sample’s distribution (number of photograms). B, Plot of number of photograms results (mean 95% Cl). Cl, confidence
interval; STD, standard implant scan body (Scanbody 2800); TS5, 5-mm height scannable healing abutment (TissueShaper 5 mm); TS7, 7-mm height

scannable healing abutment (TissueShaper 7 mm).

significant differences were found between the TS5 and
TS7 groups (P=.47) (Table 1, Fig. 9).

For the number of photograms, the Tukey post hoc
test found statistically significant differences among the
STD groups (1322 +150 photograms) and both the TS5
(804 +105 photograms) and TS7 groups (764 + 119
photograms) (P<.001). No statistically significant differ-
ences were found between the TS5 and TS7 groups
(P=.66) (Table 1, Fig. 10).

DISCUSSION

Based on the results obtained in the present investiga-
tion, the null hypotheses that no differences would be
found in scanning trueness and precision, scanning
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time, and number of photograms of complete arch in-
traoral implant scans obtained with standard ISBs or
scannable healing abutments were rejected. The use of
scannable healing abutments influenced the accuracy,
scanning time, and number of photograms of complete
arch implant digital scans recorded by using the I0S
tested.

Previous studies have assessed the scanning accuracy
of complete arch implant scans recorded by using IOSs.
However, 2 factors of the present study differ from most
of these previous studies evaluating the same para-
meters in similar situations: the clinical conditions and
the measurement method used to assess the scanning
discrepancies. Most of the previous studies were per-
formed under in vitro conditions, where the reference
file and cast were obtained by measuring the definitive
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. 27,48 . 28
cast with desktop scanners,” " industrial scanners,”” or

coordinate measuring machines.”” These methods
cannot be included in clinical studies, as the devices
cannot be used intraorally. The only comparable ap-
proach has been tested on cadaveric models.”"” For this
clinical study, the digital reference cast was obtained
from the digitization of the definitive implant cast ac-
quired from a double-splinted conventional implant
impression. As this was an essential point in the study
methodology, a verification milled titanium framework
was manufactured, and its passive fit was clinically
evaluated by visual, radiographic, and tactile tests.

To the best of the authors' knowledge, the metho-
dology used to evaluate the discrepancies has not been
used in previous research, which typically used the
Fuclidean distances and angulations™™* or 3D com-
parison of ISBs surfaces to calculate the root mean
square (RMS) error.”””" A recent study also proposed
the inclusion of the virtual Sheffield test.”” The chosen
assessment method was intended to quantify the max-
imal linear discrepancy between the platforms of the
abutments in the digital scans and the framework where
the passive fit takes place so that it may be more easily
interpreted. Nevertheless, further studies specifically
focused on evaluating and correlating the different
measuring methods are needed.

Two parameters were measured in the present study:
the maximum discrepancy (the highest value of misfit
per scan) and the overall discrepancies (the mean of all
the deviations of the scan). Theoretically, the overall
discrepancy would provide a more general value of the
accuracy of the scan. However, the maximum dis-
crepancy may be more representative of the clinical si-
tuation. Nonetheless, the results obtained from both
parameters are valuable and provide complementary
information. Previous studies have reported the trueness
and precision of the complete arch implant scans re-
corded by using 1OSs. Several parameters have been
selected for measuring scanning accuracy, such as 3D
RMS error discrepancies. These parameters can be used
to compare groups, but the clinical interpretations of the
reported discrepancies are challenging. A systematic
review reporting RMS error discrepancies obtained
trueness data ranging from 35 to 581 pm and precision
data varying from 5 pm to 355 pm.”

As an alternative to the RMS measurement method,
linear and angular deviations among implants have been
used to assess scanning accuracy.” 77 This tech-
nique may provide more quantifiable values. Never-
theless, although some thresholds have been proposed
(up to 200-pm in linear and up to 0.4 degrees in angular
deviations),”” " the clinical implications of such linear
and angular discrepancies remain unknown. Some re-
cent in vitro studies have reported linear deviations
ranging from —12 +26 pm to 230 +85 pm and angular
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discrepancies varying from 0.25 +0.24 to 1.69 +0.59
degrees.”” ”*°"** Similarly, in vivo studies have reported
linear deviations ranging from —-20 +63pm to -19
+87 pm and angular deviations varying from 0.4 +0.05 to
0.84 +0.29 degrees. 152930 Nevertheless, these data must
be carefully compared with those obtained in the pre-
sent study, given the differences in the research meth-
odology.

Statistically significant differences in trueness and
precision were found. In trueness, they were reported in
both parameters, overall and maximum discrepancy,
between both the STD and both the TS5 and TS7
groups; in precision, they were only found in the max-
imum discrepancy. The magnitude of the differences
was higher in the maximum discrepancy. This was lo-
gical since the average of the values is found in the
overall calculation, so the best values per sample will
compensate for the higher discrepancies. Considering
the obtained results, using scannable healing abutments
like the one used in the present study may significantly
improve the accuracy in complete arch implant digital
scans.

The scanning time and number of photograms have
also been evaluated in previous studies of digital scans
with IOSs. Both variables used to have a positive cor-
relation, and a higher number of photograms implies a
higher time. In the present results, the STD group
showed a statistically significant longer scanning time
and greater number of photograms. Scanning with
shorter ISBs implied less manipulation of the scanning
head, as all the information of the ISB can almost be
reported in a single pass from the occlusal view.
Considering the accuracy results, where the TS group
also showed lower deviations, a more straightforward
scanning process should also lead to better accuracy.

Limitations of the study included that the IOS model
and software program have been identified as an influ-
encing factor on scan accuracy,"’3 % 50 the use of other
IOS models may lead to different results. Other limita-
tions were the inclusion of only maxillary scans, the
location and angulation of the implants, the selected
environmental conditions (ambient lighting conditions
and temperature), and the operator's skill and experi-
ence. Future research should focus on clinical studies
with different IOS models, including mandibular scans
and operators with high levels of expertise. Additionally,
the evaluation of the misfit at the abutment-prosthesis
level must be considered for future research to evaluate
implant digital scan accuracy.

CONCLUSIONS

Based on the findings of the present clinical study, the
following conclusions were drawn:
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1. The scannable healing abutments tested obtained
better accuracy of complete arch implant scans
recorded by using the IOS tested when compared
with the standard ISBs assessed.

2. The scannable healing abutments tested obtained

lower scanning time and number of photograms of
the complete arch implant scans recorded by using
the IOS tested when compared with the standard
ISBs assessed.
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