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KEYWORDS Abstract The aim of this systematic review was to evaluate the in vitro accuracy of dental implant
Healing abutment; impressions taken using digitally coded healing abutments (CHAs) compared with impressions
Digital impression; taken with conventional techniques (CI) and/or within the CHA group at varying degrees of angu-
Digitally coded healing lations for multiple implant units. Two independent reviewers conducted a systematic electronic
abutments; search in the MedLine, PubMed, Google Scholar, Cochrane Library, Web of Science, and Scopus
Dental implants databases. Some of the employed key terms, combined with the help of Boolean operators, were:

” < LTS

“digitally coded healing abutments”, “‘encode healing abutment”, ““dental implants”, “impression
accuracy”, “digital impression”, and ‘“‘conventional impression”. Publication dates ranged from
January 2010 to November 2022. A total of 7 articles fulfilled the inclusion criteria: 6 studies com-
pared the accuracy of CHA with conventional pick-up impression techniques, and one study only
used CHAs at different angulations and heights to compare accuracy within the group. The results
were divided into Group A (elastomeric impression of CHA) and Group B (CHA + Intraoral scan-
ner). According to the results of this systematic review, elastomeric impression of CHA performed
poorly when compared to CI for multiple implants, although an intraoral scan of CHA appears to
be more accurate. Within the CHA group, the angulation and visible height of CHA play a signif-
icant role in impression accuracy. However, more studies are needed before CHA can be recom-
mended for all non-parallel multiple implant-supported restorations.
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1. Introduction

The Encode® impression system was first introduced by Zim-
mer Biomet Dental in 2004 (Abduo, Lee et al. 2021). Coded
healing abutments (CHAs) are essentially a three-in-one sys-
tem that combines a healing abutment, impression coping,
and a scan body into one digitally coded healing abutment
for digital implant impressions (Zimmer Biomet 2022).

According to the manufacturers, the CHA can be used in 2
ways. Specifically, a direct digital intraoral scan can be
obtained by scanning over the coded healing abutment without
removing it. Alternatively, an elastomeric impression of the
CHA is obtained intraorally, and a definitive cast is then
poured. The implant analog is subsequently placed in the mas-
ter cast using Robocast™/best-fit alignment technology. The
company provides a decoder algorithm to ascertain the exact
position, length, and diameter of the implant (Jung, Kim
et al. 2020).

The current impetus towards the digitalization of implant
dentistry using CAD-CAM technologies and the history of
the recent pandemic, the goal is to send impressions digitally
to the laboratory without the risk of contamination and the
added steps of disinfection. The merits of using a direct digital
scan are potentially reducing clinical chair time, minimizing
patient discomfort from gingival manipulation (Atsuta,
Ayukawa et al. 2016), avoiding distortion of impressions
(Christensen 2009), requiring less physical space through digi-
tal storage (Kattadiyil and AlHelal 2017), cutting costs
(Alghazzawi 2016), and reducing apical migration of junc-
tional epithelium and peri-implant marginal bone loss
(Canullo, Bignozzi et al. 2010). The potential advantages of
using a digitally coded healing abutment are improving patient
comfort, reducing appointment times, and minimizing distur-
bance of the soft tissue (Atsuta, Ayukawa et al. 2016).

It is imperative the accuracy levels that can be obtained
using these coded healing abutments and their potential limita-
tions when using them for multiple implant units. This review
focuses on studies that document the accuracy of implant
impressions obtained using digitally coded healing abutments
and the aim is to help determine the accuracy of implant
impressions that use digitally coded healing abutments at dif-
ferent inclinations and positions and/or when compared with
conventional impression techniques.

2. Materials and methods

2.1. Search strategy and the PICO question

This systematic review followed the "Preferred reporting items
for systematic review and meta-analysis protocols’ (PRISMA-
P) 2020 statement (Page, McKenzie et al. 2021) (Fig. 1).

The population, intervention, comparison, and outcomes
(i.e., the “PICO” for this systematic review) were defined as
follows:

e Population: Partially or completely edentulous patients in
need of implant-supported prostheses;

e Intervention: Use of digitally coded healing abutments;

e Comparison: Conventional impressions;

e Outcomes: Accuracy of impressions.

2.2. Data collection

The databases of Medline (Ovid), PubMed, Google Scholar,
Scopus, Web of Science, and the Cochrane Library were
searched from January 2010 to November 2022. A manual/ci-
tation search was also performed. The Medical subject head-
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Previous studies Identification of new studies via other methods
Studies included in previous  Records identified from*: Records removed before Records identified from:
version of review (n=) Databases (n=) — screening: Websites (n=)
Reports of studies included Registers (n=) Duplicate records Organisations (n=)
in previous version of removed (n=) Citation searching (n=) etc
review (n=) Records marked as
ineligible by automation
tools (n=)
Records removed for
other reasons (n=)
Records screened (n=) — Records excludedt (n=)
Reports sought for retrieval — Reports not retrieved (n=) Reports sought for retrieval —» Reports not retrieved (n=)
(=) (=)
Reports assessed for Reports excluded: Reports assessed for Reports excluded:
eligibility (n=) Reason 1 (n=) eligibility (n=) Reason 1 (n=)
Reason 2 (n=) Reason 2 (n=)
l Reason 3 (n=) etc Reason 3 (n=) etc
New studies included in
review (n=) N
Reports of newincluded
studies (n=) —— . . o )
Consider, if feasible to do so, reporting the number of records identified from each database or register
l searched (rather than the total number across all databases/registers)
= . t1f automation tools were used, indicate how many records were excluded by a human and how many were
Total studies included in excluded by automation tools
review (=)
Reports of total included
studies (n=)
X
Fig. 1 PRISMA flow chart diagram.
Table 1 Results of grading of the included studies using the Modified CONSORT table.
Author Abstract Introduction Methods Results Discussion Other Result
1 2a 2b 3 4 5 6 7 8 9 10/10
Eliasson and Ortorp 2012 Y Y Y Y Y Y Y Y Y Y 10/10
Howell et al., 2013 Y Y Y Y Y Y Y Y Y Y 10/10
Al-Abdullah et al., 2013 Y Y Y Y Y Y Y Y N Y 9/10
Ng et al., 2014 Y Y Y Y Y Y Y Y Y Y 10/10
Ahn and Lee 2020 Y Y Y Y Y Y Y Y N N 8/10
Batak et al., 2020 Y Y Y Y Y Y Y Y N Y 9/10
Jung et al., 2020 Y Y Y Y Y Y Y Y N N 8/10

ings (MeSH) terms were used, and the search strategy accord-
ing to the focused PICO question was conducted and modified
depending on the electronic database being searched (Table 1)
(Khurshid, Tariq et al. 2021). The year limit was set to January
2010-November 2022. The inclusion and exclusion criteria
were as follows.

2.3. Inclusion criteria

1. Studies that assessed the accuracy of implant impressions
obtained using digitally coded healing abutments and com-
pared them with those obtained using conventional impres-
sion techniques.

2. Studies that compared accuracy within digitally coded heal-
ing abutment groups at different angulations/inclinations/
positions.

3. Studies that included single and/or multiple fixed implant
impressions and/or restorations.

4. Studies published in English.

5. Studies and reviews conducted between January 2010 and
November 2022.

2.4. Exclusion criteria

1. Publications describing a technique or a clinical case.

2. Multiple publications on the same patient cohorts.

3. Studies where the accuracy of impression(s) using digitally
coded healing abutment(s) was not assessed.

4. Outcomes not related to fixed implant prosthodontic
treatment.

5. Studies not related to digitally coded healing abutments.
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2.5. Data extraction and quality assessment

All studies involving the accuracy assessment of implant
impressions using digitally coded healing abutment(s) for mul-
tiple units were included.

The initial search was conducted in Ovid, followed by
searches in other relevant databases to identify additional arti-
cles. A hand search was performed to identify the studies that
met the inclusion criteria. Articles that contained any of the
exclusion criteria were removed. The flow chart in Fig. |
describes the distribution of the number of studies that were
selected among the different databases used.

This review comprises only in vitro studies, therefore, a
Modified CONSORT (Consolidated Standards of Reporting
Trials) checklist was adapted by Faggion et al. was utilized
(Faggion 2012). Thus, articles 5 to 9 were eliminated because
they presented a low risk of bias and irrelevance of randomiza-
tion, and the sample size was not a critical factor (Table 1).
Only studies with a score of 80% and above were included
in this review.

3. Results

3.1. Study selection

After removing duplicates, a total of 115 unique studies were
identified. A reviewer verified all potentially relevant articles.
These studies and abstracts were independently screened prior
to full-text reading. In cases where abstracts provided insuffi-
cient information, full texts were obtained. Studies meeting
all inclusion criteria were discussed with the second reviewer
(AA). If no consensus could be reached, a third reviewer
(JL) was consulted. Only studies meeting the specific inclusion
criteria were then selected. Finally, to supplement the elec-
tronic search, a manual search was conducted by considering
entries in the reference lists of the selected studies, and any rel-
evant studies not yet included were added.

Based on the title alone, 115 studies from the electronic
search and 4 studies from hand citation were considered. After
the first round of screening, 22 studies were selected, of which
only 7 fulfilled the inclusion and exclusion criteria. These 7
studies were all in vitro and are part of this systematic review.
The results of grading these studies using the Modified CON-
SORT table are illustrated in Table 1. The grading was verified
by two independent examiners: JL and AA. Owing to the
heterogeneity of the study designs and different assessment
tools used, a meta-analysis could not be performed.

3.2. Study characteristics

All seven studies included in this review were in vitro studies
that analyzed the accuracy of digitally coded healing abut-
ments based on multiple implant units. After initial analysis
of the study designs and methodologies, studies were divided
into Group A and B.

Group A comprised studies that used elastomeric impres-
sions of CHA to fabricate casts, and Group B included studies
that used direct intraoral scanning technology with CHA.

For Group A, the casts obtained from elastomeric impres-
sions of CHA were scanned via either Robocast™ technology

(Biomet3i, Florida, USA) or a “best-fit” algorithm for the
placement of implant analogues on the definitive casts. Group
B used an I0S for direct scans of the CHA, which were then
sent to the manufacturers or authorized dental laboratories
as STL files to digitally place the implant analogue. Only
one study (Anadioti, Gates et al.) used both elastomeric
impression and IOS of the CHA for comparison with conven-
tional impression techniques. Therefore, this study was
included in both Groups A and B. The results were analyzed
individually for both Groups A and B in the following
sections.

3.3. Group A analysis

The study design of group A is described in Table 2.

3.4. Group A results

The summary of the findings for Group A is depicted in
Table 3. Eliasson and Ortorp concluded that definitive casts
fabricated using an elastomeric impression of digitally coded
healing abutments combined with Robocast™ analogue
placement were less accurate than those fabricated using con-
ventional pick-up impression techniques. Howell et al.
(Howell, McGlumphy et al. 2013) concluded that the accuracy
of elastomeric impression of CHA was comparable to that of
closed-tray conventional impression on non-parallel implant
sites (p < 0.05); however, it was less accurate than conven-
tional open-tray impression. Jung et al. (Jung, Kim et al.
2020) concluded that the mean total interarch deviation (at
maximum intercuspation) in all experimental groups
was <100 pm.

3.5. Group B analysis

Group B (Tables 4 and 5) used an IOS for direct scans of the
CHA, which were then sent to the manufacturers or autho-
rized dental laboratories as STL files to digitally place the
implant analogue. This group was comprised of 3 studies
(Ahn and Lee 2020, Batak, Yilmaz et al. 2020, Jung, Kim
et al. 2020). All three studies were highly ranked, with scores
between 8 and 9 out of a total of 10 on the Modified CON-
SORT table.

In terms of study design, two studies (Batak, Yilmaz et al.
2020, Jung, Kim et al. 2020) were carried out on a partially
edentulous mandible replica, and one study (Ahn and Lee
2020) was performed on a completely edentulous ridge block.
There is heterogeneity in terms of the brand of CHA used in all
three studies. Batak et al. (Batak, Yilmaz et al. 2020) used the
Encode System from Biomet 3i, Florida, USA; Ahn and Lee
(Ahn and Lee 2020) used CHA from Niobiotech, Seoul,
Korea, and Jung et al. (Jung, Kim et al. 2020) used CHA from
Dentium Co., Seoul, Korea.

The heights of coded healing abutments used in these stud-
ies were different. Batak et al. (Batak, Yilmaz et al. 2020) used
two different heights (3 and 8§ mm) of CHAs at different posi-
tions, Jung et al. (Jung, Kim et al. 2020) used a 6 mm height,
and Ahn and Lee (Ahn and Lee 2020) did not specify the
height of the CHA used.

All studies in Group B measured the accuracy of implants
that were placed parallel to each other. Additionally, Ahn



Table 2 Detailed study description and statistical analysis used for Group A.

Experimental Groups

Author and Reference Group CI/ISB Group CHA Group Brand of Measurement Method for  Magnitude of Error Planes Accuracy Statistical
Year Measurement Measurement Measurement CHA Instrument Measuring Calculation Measured Measured Test
Accuracy
Al- Reference epoxy Verifying the fit of  Verifying fit of pre- Biomet 3i Horizontal Measuring Mean and Z and Yes Mann-
Abdullah resin cast with pre-milled titanium milled titanium Optical vertical standard angular Using fit of Whitney U
etal. 2013 CAD/CAM frameworks on framework on Comparator discrepancy  deviations prefabricated  tests,
(Al- titanium reference ~ working casts definitive casts System (z plane) of reference Kruskal—
Abdullah,  framework. fabricated from fabricated from (Deltronic, the titanium Wallis test
Zandparsa  Left: 30° conventional pick-  elastomeric impression Santa Ana, framework frameworks.
et al. 2013) convergence up impression of CHA using CA, USA) fit
Right: 10° using an open-tray  VPS + Robocast™
convergence (splint) technique technology for
analogue placement
Eliasson Reference model of Definitive casts Definitive casts Biomet 3i Laser Difference Root sum square X,y and z Yes Conventional
and Ortorp edentulous maxilla  fabricated from fabricated from Measuring between (RSS) v/ + Mean descriptive
2012 with 3 reference conventional pick- elastomeric impression Machine reference &+ y* + 2 angle error: statistics
spheres with 3 up impression of CHA using VPS + (LMM) values from angular
implants on each using VPS Robocast™ master cast inclination
side technology for and values and
analogue placement from hexagon
working position
casts (rotation)
Howell Reference model of Definitive casts Definitive casts Biomet 3i Digital Scanner Best-fit NS X,y and z Yes Analysis of
et al. 2013 partially edentulous fabricated from fabricated from Trios to create  alignment: + Angular variance and
mandible with 2 conventional pick- elastomeric impression STL files of all Rapidform distortion Tukey tests
implants on each up impression of CHA using VPS + test and XOR CAD
side. using custom Robocast™ reference software
Left: Parallel closed and open- technology for models (INUS
Right: 30° tray + MP VPS analogue placement technology)
Divergence
Jung et al.  Master reference Digital scans made  Group IS: Dentium 3D analysis Best-fit 3D distance = / X,yandz Yes Shapiro—Wilk
2020 scan of a partially  from: Group CI: CHA + IOS (Mediti- Co. software alignment (AX® + Ay* + AZZ  + test, Kruskal—
edentulous Master cast from 500) (Geomagic Angulation Wallis test
mandible and fully  pick-up CI + VPS Control X, 3D error X-y and
dentulous maxillary and then scanned systems Inc., plane + Bonferroni
dentiform models by 3D model USA) Interarch correction
using 3D model scanner. deviation
scanner (identica Group DS:
blue; Medit) ISB + 10S (Medit
i-500)
Group MS:
CHA + VPS and
then scanned by 3D

model scanner

(continued on next page)
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and Lee (Ahn and Lee 2020) used non-parallel implants in

_ 5 o g g L 2 their investigation. Implants in this study were placed into
.é Ea 3 < é § TR T;i g the model with 0°, 10°, and 20° mesial angulations.
£z =8 % H»% § E 2 % & % The 10S system used in these studies differed as well. In
& = EES<82824 8 =7 two studies (Ahn and Lee 2020, Batak, Yilmaz et al. 2020),
- A = Trios 3 Shape (3Shape Trios A/S, Copenhagen, Denmark)
& = ; was used, while Jung et al. (Jung, Kim et al. 2020) used Medit
T | @ g8 1500 (Medit Corp. Seoul, South Korea).
< o =]
5% | 57
131 2 2 n
$s § s = & 3.6. Group B results
o ..
o
= —~ =58
3 5 = g S S| g Table 5 summarizes the results of group B. Jung et al con-
ot — .. . . . .
§ z g i«o 5 g 8 E cluded that the accuracy of implant impressions using
= § : h __% N :g I0S + CHA was comparable to that obtained using a
= = pick-up CI technique (p < 0.05). The mean total linear inter-
B [\ O = ..
S 3 = & arch deviation ranged from 84 to 97 um for both
E v+ § 5 CHA + I0S and CI groups, with no significant difference
S g S T2 between the groups (p greater than 0.05). (Table 5).
o .
E £ § \f EE > Batak et al. (Batak, Yilmaz et al. 2020), compared the
£E B« ) I~ accuracy of CHA at different positions and heights (3 mm
§ ) 2 v g 25 and 8 mm). The researchers reported that the CHA position
5 & had a significant effect on distance deviation (p < 0.001).
) s 8. 2 = 2 Additionally, they found that the angular deviation increased
= < - = . .
BES § § __g ° ; 7 g é as the height of CHA was increased and moved more poste-
172] +~ .
£ g gl % § ;5 7 e % '§ 3 riorly (p = 0.41). (Table 5).
~=2<|A285ESS T o> Ahn and Lee (Ahn and Lee 2020) reported that the mean
A= and standard deviations for CHA groups were higher than
SO
] T those for the CI group: 38.29 + 4.12 um and 25.56 + 2.53
Y o 8 L P . . .. . .
g s E ‘%O 9 - g 5 um, respectively, which was statistically significant
Z g B ZE2 % = (p < 0.05). The study also concluded that the implant angu-
Q — . . . N . .
é z é g g % 2 % lation had a significant impact on the impression accuracy of
8 = E g the CHA group (Table 5).
= s A~
3 < 8 &
-] Q o= . .
= < g = 4. Discussion
g T S > &
£0 |& =
o
g + o qé This review focused on studies that measured the accuracy of
= @ = ) % CHA with respect to multiple implant units, comparing it
5 E §> % ‘g 7 with conventional impression techniques and/or within the
— - . .
= 1 g £ E ?:Dz < 2 g Z CHA group at varying degrees of angulations. The selected
o R7) o h=3 B . . . . . .
E % ° 3 % L gﬁ = % i studies displayed heterogeneity in terms of design, implant
o E Zg s g é § ”g‘ gn :ocn g components used, and methods of measuring accuracy. While
E b €5 2 €35 F S most studies measured accuracy at the master cast level, one
< = (5} .
- o= RED M 23 g 2 study (Al-Abdullah, Zandparsa et al. 2013) used prefabri-
%‘ P E S 4 cated CAM/CAM titanium framework to measure the accu-
& : 3 Z f fit of th theses. Study designs al ied, with
3 282 5 SR racy o of the prostheses. Study designs also varied, wi
= E‘ B 3 = = ,5 g 8 < 2 some using multiple implants for single unit prostheses, while
g 3 E o2 ,5 5 z ? 5 S others used three implant units for a three-unit FPD. Further-
g a2 ‘g‘ :‘é g § g* - -é 4 F more, studies differed in how accuracy was measured, utiliz-
5 %g g _C-: S oE8Q % 2 ing techniques such as CMM, LMM, or 3D Lab Scanners,
- S 9= oA = @ making meta-analysis impossible because the results cannot
CH= = be combined
§ = " < e o . . o
g‘ =3 : 2g_°2S g T?E One of the limitations of this systematic review is that all
58 |Ef8sE 5 £%e %E included studies were in vitro studies because they were the
< g E 85 ES ; £5 8 =z g o only ones that fulfilled the inclusion and exclusion criteria.
S g % E % 5 & §aR & 5 z E This systematic review found that accuracy was mostly mea-
S E < E § é ‘E g“z' g é L | 0% sured at the impression/master cast level. These results must
g - “ 250 be interpreted with caution because the error in accuracy
~ o . . . . .
E ' & & may vary when considering the continuation from the impres-
:: = & = sion stage to design, manufacturing, and prosthetic fit stage.
= £ 5 oS £ -%‘ From the seven studies selected for this review, Group A
= <> Z & <5 demonstrated a consistent trend of elastomeric impressions



Table 3 Summary of findings for Group A.

Author and Method of Recording  Brand of Mean Angular Deviation/ Outcomes (Mean R Deviations)  Summary of Findings Modified
Year CHA CHA Implant Angle Error CONSORT Grade
Al-Abdullah Elastomeric Impression Biomet 3i  Angular Distortion Vertical discrepancy of framework Elastomeric impression of CHA was less  9/10
et al. 2013 CHA: 10° Convergence: 0.59° to  in the z plane accurate than conventional pick-up
0.08° CHA: 48.17-228.33 pm impression.
CHAL: 30° Convergence: 0.95° to  (10° convergence Prefabricated CAD/CAM titanium
0.37° 48.17-228.33 um framework demonstrated higher vertical
CI: 10° Convergence: 0.008° 30° convergence discrepancy in the CHA group than that
CI: 30° Convergence: 0.028° 67-211.67 pm) in the conventional pick-up impression
CI (open-tray with splint Fgrr}?uf" | ble and
: e convergence angle variable an
%%3 i implant position variable did not
o significantly affect the accuracy when
(10° convergence .
13.83-24.83 um comparing control and test groups.
30° convergences
18.33-20.50 pm)
Eliasson and Elastomeric Impression Biomet 3i CHA: 0.41° CHA + VPS: 79.5 um An elastomeric impression of CHA is less  10/10
Ortorp 2012 CI:0.14° CI pick-up: 31.2 um accurate than a conventional pick-up
impression.
The mean displacement of implant
analogues in all 3 planes was larger in the
CHA group than in the CI group.
The mean angular deviation and the
mean rotational error in the CHA group
was also statistically significant.
Howell et al. Elastomeric Impression Biomet 3i  — CHA Accuracy of elastomeric impression of 10/10
2013 35-242 ym CHA was inferior to open-tray CI
CI Closed-tray technique on NP implant sites (p > 0.05).
6.9-183.7 pm Elastomeric impression of CHA was less
Tl (i accurate than closed-tray and open-tray
At 161D [ conventional pick-up impression on P
implant sites.
Within the CHA group: NP sites were
significantly less accurate than P sites.
Jung et al. 2020  Elastomeric Impression Dentium Second premolar: Interarch deviation: Group MS (VPS + CHA) was the least  9/10
and 10S Co. Group MS (CHA + VPS): All groups <100 um (84-97 pum)  accurate among all groups when
234 + 0.46 Intra-arch deviation: comparing intra-arch deviations.
Group CI pick-up: 0.96 + 0.44° Group CI, IS: < 100 pm The mean 3D angle deviations were: 0.88°
First Molar: Group MS(CHA + VPS): to 2.49°; with Group MS performing the
Group MS:2.49 + 0.53 >200 pm [POOES:
Group CI: 0.88 + 0.43° Group MS (Elastomeric impression of
CHA) is the least accurate among all test
groups.
Ng et al. 2014 Elastomeric Impression Biomet 3i CHA: CHA + VPS Elastomeric impression of CHA was less 10/10
0.29-1.190° 65-107 pm accurate than a conventional open-tray
CL: CI: pick-up impression
0.046-0.12° 13-20 pm Interimplant angulation did not have a

significant effect on the accuracy of CHA.

Abbreviations: CAD/CAM: Computer aided design/computer aided manufacturing; CHA: Coded healing abutment; CI: Conventional impression. IOS: Intraoral scanner; ISB: Intraoral scan body;

MP: Monophase (Medium body); NS: Not specified; NP: Non-parallel; P: Parallel; VPS: Vinyl poly siloxane.
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Table 4 Detailed study description and statistical analysis used for Group B.

Experimental Groups

Author and Year Reference Group Cl/isb Group CHA Group Brand of Instrument of Method of Calculation of Planes Accuracy Statistical
Measurement measurement Measurement CHA Measurement Measuring Maghnitude of Error measured Measured Test
Accuracy
Ahn and Lee 2020 Reference i. Group P: CHA + I0S: Neo 3D analysis Best-fit Root Mean Square x,y and z Yes Kolmogorov-
(Ahn and Lee 2020) 40-mm-long Working cast Trios 3Shape  biotech software alignment (RMS) / 4 Smirnov,
edentulous ridge block from pick-up (Geomagic method by &+ v+ 23 Angulation One-way
with 3 implants impression Control X, 3D  superimposing error ANOWA
(open- systems Inc., STL files test, Dunnett
tray) + VPS USA) T3 test and
ii. Group S: The
ISB + IOS Jonckheere-
Terpstra test
Batak et al. 2020 Reference scan of a - CHA + IOS: Biomet 3i Digital (NS) Best-fit 3D distance = \/ x,yandz Yes Two-way
(Batak, Yilmaz et al. partially edentulous Trios 3Shape alignment (AX® + AY? + AZZ  + repeated and
2020) mandible using a 4 groups (PolyWorks Angulation ANOVA test
laboratory-grade 3 and 8 mm Inspector) error x-y Tukey-
scanner CHA at #36 plane Kramer test
(COMETL3D 8§ M and #37
150 Precision positions
Structured Blue Light
Scanner; ZEISS)
Jung et al. 2020 Master reference scan  Digital scans Group IS: Dentium 3D analysis Best-fit 3D distance = / X, yandz Yes Shapiro-Wilk
(Jung, Kim et al. of a partially made from: CHA + I0S  Co. software alignment (AX> + AY? + A2 + test, Kruskal—
2020) edentulous mandible Group CI: (Medit i-500) (Geomagic Angulation Wallis test
and fully dentulous Master cast Control X, 3D error x-y and
maxillary dentiform from pick-up systems Inc., plane + Bonferroni
models using a 3D CI + VPS and USA) Interarch correction
model scanner then scanned by deviation
(identica blue; Medit) a 3D model
scanner.
Group DS:
ISB + I0OS
(Medit i-500)
Group MS:
CHA + VPS
and then
scanned by a
3D model
scanner

Abbreviations: CHA: Coded healing abutment CI: Conventional impression. IOS: Intraoral scanner ISB: Intraoral scan body NS: Not specified STL: Stereolithography VPS: Vinyl poly siloxane.
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Table 5 Summary of findings for Group B.

Author and Method of  Brand of Mean Angular Outcomes Summary of Findings Modified
Year Recording CHA Deviation/ (Mean R CONSORT
CHA Implant Angle Deviations) Grade
Error
Ahn and Lee 10S Niobiotech Std. Jonckheere— CHA + IOS: Accuracy of implant impressions using 8/10
2020 (Ahn and Terpstra statistic  35-50 um CHA + IOS was inferior to that obtained
Lee 2020) CHA:1.989 CI pick-up: using a pick-up CI technique.
CI: 1.718 18-32 pm Increasing implant inclination/angulation
ISB:1.822 ISB + IOS: negatively affected the accuracy of 10S
3527 £ 2.56 capturing CHA details.
No statistically significant difference
between ISB and CHA group using 10S.
Batak et al. 2020 10S Biomet3i CHA + I0S CHA + I0S CHA position had a significant effect on 9/10
(Batak, Yilmaz % v BN distance deviation
et al. 2020) Anterior: 0.42° 325 um— (CHAs in the anterior region had lower
Posterior: 0.40° 425 um distance deviations)
CHA + IOS 8 mm: CHAs performed similarly at 3 and 8§ mm
heights when placed more anteriorly.
8 mm: 250 pm- . . .
Anterior: 0.53° 400 um 'Increasmg CHA height hafi a negative
nterlpr. : impact on the angular deviation when
Posterior:0.7° :
moved more posteriorly.
Jung et al. 2020  IOS and Dentium Second Interarch CHA + IOS is comparable to CI pick-up 9/10
(Jung, Kim et al. Elastomeric  Co. premolar: deviation: impression in terms of intra-arch,
2020) Impression Group IS All groups: interarch, and 3D mean angular deviations
(CHA + 108): 84-97 um Groups MS (Elastomeric impression of
1.38 + 0.35° Intra-arch CHA) is the least accurate among all test
Group CI pick- deviation: groups.
up: 0.96 + 0.44° Group CL,
First Molar: 1155 S T
Group IS:
1.41 + 0.48°
Group CI:
0.88 + 0.43°

Abbreviations: CHA: Coded healing abutment CI: Conventional impression IOS: Intraoral scanner ISB: Intraoral scan body; NS: Not specified

STL: Stereolithography VPS: Vinyl poly siloxane.

of CHA being less accurate than the CI technique using open-
tray, which is considered the gold standard for multiple units
(Lee, So et al. 2008, Moreira, Rodrigues et al. 2015). This
observation was consistent across different CHA systems used
in the studies.

Group B (Ahn and Lee 2020, Batak, Yilmaz et al. 2020,
Jung, Kim et al. 2020) used IOS to compare the accuracy of
CHA, and their final conclusions varied. Ahn and Lee (Ahn
and Lee 2020) agreed with the findings of Group A. However,
Jung et al. (Jung, Kim et al. 2020) found that the IOS + CHA
group had comparable impression accuracy to the CI group.
Batak et al. (Batak, Yilmaz et al. 2020) had a different study
design and concluded that the position of CHA in the mouth
had a significant impact on the distance deviation of implant
impressions. They also found that increasing the CHA height
(from 3 to 8 mm) had a negative impact on impression accu-
racy and angular deviations as the CHA was moved more pos-
teriorly. The heterogeneity in results can be partly attributed to
the fact that the studies used different components and 10S
systems.

The studies differed in their conclusions regarding impres-
sion accuracy with implants of varying angulations. Al-
Abdullah et al and Ng et al reported that there were no signif-
icant errors in the CHA group with increasing implant angula-
tions. However, Ahn and Lee and Howell et al found that

increasing implant angulations resulted in significant differ-
ences in implant accuracy between the CHA and CI groups
(p < 0.05). Additionally, Batak et al. reported a correlation
with taller (§ mm) CHAs displaying larger angular deviations
in the posterior region compared to the anterior region (Batak,
Yilmaz et al. 2020). An interesting point raised by Al-Abdullah
et al. is that according to the manufactures, at least 1 mm of
the CHA should be exposed supragingivally for visibility and
ease of recording and scanning (Al-Abdullah, Zandparsa
et al. 2013).

An important factor influencing impression accuracy in
multiple implant unit cases is the proximity of adjacent
teeth/implants and the resulting impression thickness (Burns,
Palmer et al. 2003). Howell et al. observed that in their study,
there was minimal space for the impression material in the
right second premolar site (Howell, McGlumphy et al. 2013).
According to the authors, the right second premolar area of
the impression may rebound differently upon removal, poten-
tially resulting in inaccuracies. To address this concern, Burns
et al. recommended modifying the impression coping when the
interimplant distance is <3 mm.

The abovementioned results are to be interpreted with some
caution because four of the Group A studies (Eliasson and
Ortorp 2012, Al-Abdullah, Zandparsa et al. 2013, Howell,
McGlumphy et al. 2013, Ng, Tan et al. 2014) used elastomeric
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impressions of CHA in combination with Robocast™ tech-
nology to fabricate the definitive casts. The fixation of implant
analogues to master casts in this technique is achieved using a
monophase industrial resin adhesive (Howell, McGlumphy
et al. 2013). It was reported that the variability of drill hole,
resin thickness, and associated polymerization shrinkage may
have had a bearing on CHAs poor accuracy when compared
with the CI technique (Howell, McGlumphy et al. 2013).

Material choice and viscosity may also potentially have an
impact on accuracy. Eliasson and Ortorp used a combination
of light body and heavy body viscosities for VPS impression
material, whereas other studies mainly used monophasic VPS
(Eliasson and Ortorp 2012). Ng et al. used monophasic poly-
ether impression material (Ng, Tan et al. 2014). This disparity
needs to be accounted for when interpreting results because
monophasic polyether exhibits the best torque resistance and
dimensional stability (Wee 2000).

The effect of interimplant angulation on impression accu-
racy has been extensively studied in the literature. It has been
reported that even conventional pick-up implant impressions
in multiple units are negatively affected by increasing implant
angulations (Assuncao, Filho et al. 2004, Vigolo, Fonzi et al.
2004, Cabral and Guedes 2007). The CHA group performed
poorly possibly because the coded area of CHA collar exposed
supragingivally was less visible for the Robocast™ (Al-
Abdullah, Zandparsa et al. 2013). Their study reported that
this was the case for the distal portion of anterior and mesial
of posterior implant replicas.

Al-Abdullah et al. (Al-Abdullah, Zandparsa et al. 2013)
also observed undercuts of more than 1 mm under 10° and
30° implant angulations. They hypothesized that the cumula-
tive effect of deformation of elastomeric impression materials
from these undercuts (Jorgensen 1976) and the way Robo-
cast™ stabilizes the implant analogues may have caused
errors in the 3D spatial relationship, contributing to larger ver-
tical discrepancies in the CHA group.

The results of Group B were heterogeneous in nature. This
could be due to the fact that all three studies used different
brands of CHA and IOS systems. Recent studies
(Michelinakis, Apostolakis et al. 2020, Amornvit, Rokaya
et al. 2021) have demonstrated that Trios 3 has superior preci-
sion than Medit i500. One of the studies (Michelinakis,
Apostolakis et al. 2020) also pointed out that Medit 1500 sig-
nificantly underestimated the reproduction of reference scan-
ners’ files. This may explain the possible reduced deviation
between the CHA + 10S and CI group in the Jung et al. study
(Jung, Kim et al. 2020).

Group B results also highlight two important factors. First,
there are limited in vitro studies conducted using 1IOS with
CHA in the past decade. However, despite a lack of in vitro
studies, there have been a few similar systems recently intro-
duced to the market (e.g., Niobiotech, Seoul Korea and Den-
tium Co., Seoul, Korea). Therefore, more CHAs are likely to
be at our disposal to conduct more intensive studies in the
future. Second, the results may vary owing to differences in
I0S systems used and the surface characteristics and shape
of a scan body. Several studies and reviews have focused on
factors affecting the accuracy of I0S, examining different
brands and other scan bodies (Rutkunas, Geciauskaite et al.
2017, Flugge, van der Meer et al. 2018, Michelinakis,
Apostolakis et al. 2021, Zhang, Shi et al. 2021). Surface topog-
raphy and material can influence IOS accuracy. The refractory

and reflective indices of all-PEEK scan bodies can have a pos-
itive influence on the accuracy of complete arch digital impres-
sions (Mangano, Hauschild et al. 2019, Arcuri et al., 2020).
However, the poor mechanical properties of PEEK compared
to those of titanium have been questioned in the past (Najeeb,
Zafar et al. 2016, Skirbutis, Dzingute et al. 2017).

When considering digital implant impressions for multiple
units, the splinting technique has been consistently shown to
significantly improve overall accuracy, particularly in minimiz-
ing linear and angular deviations (Pozzi, Arcuri et al. 2022).
This occurs because the IOS has a continuous point of refer-
ence and can stitch images together, avoiding scrambling of
data (Rhee, Huh et al. 2015, Imburgia, Kois et al. 2020). How-
ever, all studies in Group B fail to specify if this was carried
out, which may have negatively affected CHA’s accuracy.

Another important factor is the use of powder for scanning.
A previous study reported that the thickness of powder applied
can negatively influence the accuracy of I0OS (Meyer,
Mormann et al. 1990). Most studies in Group B used powder
prior to scanning the CHA. However, a study by Ender and
Mehl (2013) concluded that powder-free scanners provide
more true and precise image qualities when compared to 10S
systems needing powders (132). Additional factors influencing
impression accuracy with IOS are operator experience
(Canullo, Colombo et al. 2021, Pesce, Bagnasco et al. 2021)
and scanning strategy (Zhang, Shi et al. 2021). Only one study
(Batak, Yilmaz et al. 2020) clarifies that all intraoral scans
were performed by one operator.

It is also reported that inaccuracies increase with the num-
ber of implants being scanned using I0S (two-implant versus
full mouth scenarios) (Canullo, Colombo et al. 2021, Pesce,
Bagnasco et al. 2021). A recent study reported that the height
of scan bodies can also affect scan accuracy (Fluegge, Att et al.
2017). However, these findings can be challenged by the results
of studies by Jung et al. (Jung, Kim et al. 2020) and Batak et al.
(Batak, Yilmaz et al. 2020). Both these studies confirmed that
there was no significant effect on distance deviation owing to
the height of CHA. This is further supported by a recent nar-
rative review (Michelinakis, Apostolakis et al. 2021) that
pointed out that, as long as the exposed portion of a scan body
can provide adequate reference points for the scanner, accu-
racy is not significantly affected. Batak et al. used CHAs of
two different heights in their study, both of which performed
similarly in the anterior region (Batak, Yilmaz et al. 2020).
However, it is important to interpret the results carefully
because the cumulative effect of deviation from the change
in height and position of a CHA can be higher (Batak,
Yilmaz et al. 2020).

Studies by Jung et al. (Jung, Kim et al. 2020) and Ahn and
Lee (Ahn and Lee 2020) used ISBs and CHAs to compare
accuracies. Both studies reported that the scan body and
CHA performed similarly. However, CHAs offer an advantage
over ISBs in terms of shorter height, making them suitable for
restricted spaces. ISBs, on the other hand, are more complex in
design and vary significantly in terms of their geometry, mak-
ing it difficult for IOSs to accurately record their trueness and
preciseness (Mizumoto, Yilmaz et al. 2020).

The effect of implant angulation on IOS accuracy has been
extensively investigated in previous studies (Gimenez, Ozcan
et al. 2015, Gimenez, Pradies et al. 2015, Papaspyridakos,
Gallucci et al. 2016, Gimenez-Gonzalez, Hassan et al. 2017,
Moslemion, Payaminia et al. 2020). In a recent systematic
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review comparing digital versus conventional impressions, it
was reported that implant angulation of <20° did not signifi-
cantly affect impression accuracy (Papaspyridakos, Vazouras
et al. 2020). However, this contrasts with the findings of one
of the studies (Ahn and Lee 2020) included in this review,
where implant angulation of up to 20° did have a significant
impact on angular deviations. It is postulated that the coded
portion of the CHA may be submerged in the gingiva in cases
of angulated implants (Al-Abdullah, Zandparsa et al. 2013).
According to the manufacturers, at least 1 mm of the Encode®
CHA must be located supragingivally to increase visibility for
recording and ease of scanning (Zimmer Biomet).

5. Conclusions

In this systematic review, the accuracy of digitally coded heal-
ing abutments was evaluated and compared with conventional
impression techniques for multiple implant units at varying
inclinations. Based on the findings within the limitations of this
review, the following conclusions can be made.

e Elastomeric impression of CHA was not superior to con-
ventional techniques for multiple implant units.

e CHA + IOS showed better impression accuracy for multi-
ple implant units compared to elastomeric impressions of
CHA.

e In cases of angulated implants, the visibility of CHA can be
affected more on one side than on the other, potentially
impacting its recording capability when using an 10S.

e CHA + IOS and ISB + 10S both reported similar impres-
sion accuracy for multiple units.

e CHAs have the advantage of being used in restricted spaces
owing to their reduced size compared to ISBs, and there is
no need to remove the healing abutment when making
impressions.

6. Clinical significance

The accuracy of impression is essential for ensuring the passiv-
ity of implant-supported prostheses, especially in cases of mul-
tiple implant units with varying angulations. Based on the
findings of this systematic review, it is recommended to use
CHA with IOS instead of elastomeric impressions of CHA in
multiple implant unit cases. The visibility of CHA, particularly
in cases of angulated implants, should be carefully considered
when using CHAs for multiple unit cases. Clinicians should
also be aware of factors that can affect the accuracy of an
10S system when using digital impression techniques. Both
CHAs and ISBs demonstrated similar accuracy when used
with 10S. The use of ISBs and CHAs with IOS has increased
in recent years, and it is important to recognize the evolving
nature of digital implant prosthodontics.
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