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Abstract

Purpose: To evaluate the influence of implant scan body (ISB) design (height, diam-
eter, geometry, material, and retention system) on the accuracy of digital implant
scans.

Material and Methods: A literature search was completed in five databases:
PubMed/Medline, Scopus, Embase, World of Science, and Cochrane. A manual search
was also conducted. Studies reporting the evaluation of ISB design on the accuracy of
digital scans obtained by using IOSs were included. Two investigators evaluated the
studies independently by applying the Joanna Briggs Institute critical appraisal. A third
examiner was consulted to resolve any lack of consensus. Articles were classified based
on the ISB features of height, geometry, material, and retention system.

Results: Twenty articles were included. Among the reviewed studies, 11 investiga-
tions analyzed the influence of different ISB geometries, 1 study assessed the impact
of ISB diameter, 4 studies investigated the effect of ISB splinting, 2 articles evaluated
ISB height, and 2 studies focused on the effect of ISB material on scan accuracy. In
addition, 8 studies involved ISBs fabricated with different materials (1- and 2-piece
polyetheretherketone and 1-piece titanium ISBs), and all of the reviewed articles tested
screw-retained ISBs, except for 3 in vitro studies.

Conclusions: The findings did not enable concrete conclusions regarding the optimal
ISB design, whether there is a relationship between 10S technology and a specific ISB
design, or the clinical condition that maximizes intraoral scanning accuracy. Research
efforts are needed to identify the optimal ISB design and its possible relationship with
the IOS selected for acquiring intraoral digital implant scans.

KEYWORDS
accuracy, digital impression, implant scan body, prosthodontics

Computer-aided design and computer-aided manufacturing
(CAD-CAM) technologies have revolutionized clinical prac-
tice, leading to the use of intraoral scanners (IOSs) as
an alternative to conventional dental impressions.'™ This
trend has also been integrated into implant prosthodon-

tics by capturing implant position using a complete digital
workflow.””” This digital workflow is based on the dig-
itization of implant scan bodies (ISBs) by using IOSs
to transfer the position of implants and adjacent tissue
information.®~'0
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TABLE 1 Boolean search terms for the different databases.

Database MeSH terms and search terms

MEDLINE/PubMed and (“Scan body” OR “scan body” OR “scanbodies” OR “scan bodies” OR “intraoral scanner” OR “digital impression scanner’)
Cochrane AND (“implant dentistry” OR “Dental Prosthesis”’[Mesh]) AND (“Dental Impression Technique”[Mesh] OR “Implant

impression” OR “‘scanner dental lab” OR “desktop scanner”” OR “‘coordinate measurement machine”) AND (“Accuracy” OR

“trueness” OR “precision” OR “reliability”)

Embase, World of
Science, and Scopus

(“Scan body” OR “scan body” OR “scanbodies” OR “scan bodies” OR “intraoral scanner” OR “digital impression scanner’)
AND (“implant dentistry” OR “Dental Prosthesis”)

AND (“Dental Impression Technique” OR “Implant impression” OR “scanner dental lab” OR “desktop scanner”” OR
“coordinate measurement machine”) AND (“Accuracy” OR “trueness” OR “precision” OR “reliability”) NOT MEDLINE

Even though the acquisition of three-dimensional (3D)
positional information of an implant with photogrammetry
was reported in the late 20th century,'' the first intraoral
scannable implant component, which was an encoded healing
abutment (The Bellatek Encode; Biomet 3i), was not intro-
duced until 2004.'%13 However, while some clinical studies
on the use of this encoded healing abutment have reported
pleasing treatment results,'>'* scan accuracy of this sys-
tem has been questionable when compared with conventional
impressions.'>~!® In addition, the height and the position of
the encoded healing abutment on the arch have been found to
affect the trueness of TOS scans.'”

ISBs were initially introduced in the early 2l1st
century,'?Y and various ISBs with different properties
(geometry, material, retention system, and height) have been
marketed ever since.'?' 2 Previous studies have shown
that the ISB geometry affects the accuracy of intraoral dig-
ital implant scans.”®”® Researchers have also focused on
improving the intraoral scanning accuracy while using ISBs
either by offering new designs or modifying available designs
as ISBs with specific characteristics may be advantageous
for intraoral situations.! ISBs with extensional structures,
which were fabricated by using milled titanium, were shown
to result in higher accuracy when compared with ISBs with-
out extensional structures.””*" Additive manufacturing has
also been integrated into fabricating auxiliary equipment to
improve scan accuracy and efficiency.’'** However, there
is no agreement in the literature regarding the optimal ISB
design (height, geometry, material, and retention system) to
maximize scanning accuracy.

The efficiency of data acquisition using ISBs and IOSs,
particularly for single-unit or short-span partial edentu-
lous situations, has been well-reported.’* Scan accuracy
is fundamental for the passivity of an implant-supported
prosthe:sis.35 However, ISB-related factors are not the
only parameters that should be considered while analyz-
ing the accuracy of digital implant scans. Dental literature
has analyzed different operator- and patient-related fac-
tors that can reduce the accuracy of 10Ss and, therefore,
the accuracy of digital implant scans.’®?’ These factors
include IOS technology,®® operator experience,’” ambi-
ent light illumination,***3 calibration,** scan extension,*
scan pattern,%‘47 scan distance and angulation,48 rescan-
ning techniques,*’>’ mobile tissue in edentulous areas,’!
humidity,’>>* arch width,’* tooth type,” and restorative

materials.”® These factors generate an accumulative scanning
distortion.*®’

The purpose of the present systematic review was to eval-
uate the influence of ISB design (height, diameter, geometry,
material, and retention system) on the scanning accuracy of
intraoral digital implant scans.

MATERIAL AND METHODS

The protocol of this study followed the recommendations
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA).>” A PICO question was
established for performing this systematic review, where
P (population) was defined as ISBs for obtaining intrao-
ral digital implant scans, I (intervention) comprised implant
dentistry, implant digital scans, and dental prosthesis, C
(comparison) involved conventional impression methods,
laboratory scanners, and coordinate measurement machine
(CMM), and O (outcome) included scanning accuracy,
trueness, and precision (Table 1).

The literature search was performed in five electronic
databases namely PubMed/Medline, Scopus, Embase, World
of Science, and Cochrane. Additionally, a manual search was
conducted. Inclusion criteria included in vivo and in vitro
studies that evaluated the influence of ISB design on scan-
ning accuracy, while exclusion criteria were defined as review
studies, case report manuscripts, and any clinical and lab-
oratory study that analyzed the accuracy of intraoral digital
implant scans but did not consider ISB design as a research
variable.

All titles and abstracts were first assessed following the
described inclusion criteria. Afterward, the evaluation of the
full texts of the articles was completed as per the previ-
ously defined criteria. Two calibrated independent reviewers
(M.R.-L. and M.G.-P.) examined the articles, and a third
independent reviewer (B.Y.) was consulted to resolve any
disagreement. Data were collected in a spreadsheet, gather-
ing study characteristics. Articles were classified based on
the ISB feature tested, namely, height, diameter, geometry,
material, and retention system. A qualitative analysis was per-
formed to evaluate the inter-examiner agreements by using
the Cohen Kappa coefficient. There was a significant agree-
ment between the two reviewers regarding the selection of
the articles based on their titles and abstracts (Cohen’s Kappa
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TABLE 2 Items for the Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for Quasi-Experimental Studies (non-randomized
experimental studies).

Question Answer

1. Is it clear in the study what is the “cause” and whatis  Yes, No,

the “effect” (i.e., there is no confusion about which Unclear, or
variable comes first)? Not
applicable

2. Were the participants included in any comparisons
similar?

3. Were the participants included in any comparisons
receiving similar treatment/care, other than the
exposure or intervention of interest?

4. Was there a control group?

5. Were there multiple measurements of the outcome
both pre- and post-the intervention/exposure?

6. Was follow up complete and if not, were differences
between groups in terms of their follow up
adequately described and analyzed?

7. Were the outcomes of participants included in any
comparisons measured in the same way?

oo

. Were outcomes measured in a reliable way?

9. Was appropriate statistical analysis used?

= 0.84 (CL:0.75-0.94) p < 0.05). There was a significant
agreement between the two reviewers regarding the selec-
tion of articles based on the full text (Cohen’s Kappa = 0.88
(CI:0.71-1.04), p < 0.05).

The same two reviewers independently performed the
quality assessment of the studies by applying the Joanna
Briggs Institute (JBI) Critical Appraisal Checklist for Quasi-
Experimental Studies (nonrandomized experimental studies)
(Table 2).°® The same third examiner was consulted to resolve
any lack of consensus.

RESULTS

A total of 235 studies were found based on the search
strategies. Among those articles, 14 were excluded due to
duplication, and 221 articles were further evaluated by the
titles and abstracts. Thirty-nine articles were found eligible
for full-text review; however, 19 of them were excluded after
review as 9 articles were not based on ISB design, and the
remaining 10 were excluded as they either focused on other
parameters (implant position, splinting tray, implant angula-
tion, clinical ISB height, manufacturing tolerances, ISB wear,
conventional impressions) or did not involve implants.

Twenty articles that were published between 2016 and
2022 were included in the present systematic review
(Figure 1). While one of those studies was an animal
study,”’ the remaining 19 articles were in vitro studies
(Table 3).26.7:9.19.22.24-29.31-33,59-62 Dye to the variation in
study methodology and data reporting, as well as the small
number of identified studies, a statistical analysis was not
feasible.

ACP

Within 20 reviewed articles, different numbers of
implants and scan levels were evaluated. The number
of implants included was one,’ two,%!%2%30 three, %2223
fOUr,2"26’29’32’33’59’60’62 and SiX.24’27’31’61 Dlgltal implant
scans were performed at healing abutment,®’!%?
implant,>7-9-22:27.28.30-32.60-62 ¢ jmplant  abutment
level.”*262%33 However, the accuracy of implant level
and healing abutment level scans was compared in only one
study. The authors reported lower linear discrepancies while
using an implant-level ISB than when using a coded healing
abutment.’

Digitization methods used to obtain reference files
(control) and experimental scans varied among reviewed
studies. The majority of the studies used either a
laboratory7,24,27,29,30,33,60,62 or an industriall9,22,26,32,59.61
scanner to generate the control file, followed by a CMM
analysis.>®%22831 Only two studies’*> used a labora-
tory scanner to perform experimental scans, while the
remaining studies selected an 10S.%67:91922.26-33,59.60 Thjr.
teen studies used the TRIOS 3 system from 3Shape
A/S,27:19:22,27-30,32.33.60-62 while the TRIOS system from
3Shape A/S without specifying the IOS generation tested,”
Omnicam”’ and Primescan’®?! from Dentsply Sirona,
CS3600 from Carestream Dental,”® LAVA COS from 3 M
ESPE.® and iTero Element from Align Technologies’ were
used in the remaining studies.

Your smile. Our specialty’

Implant scan body height

Two of the included studies analyzed the effect of healing
abutment height on scanning accuracy,®'” while one of them
also investigated the effect of coded healing abutment loca-
tion on intraoral scanning accuracy.'® However, one of those
studies tested coded healing abutments,'® while the other
one used standard healing abutments® as ISBs. Tested coded
or standard healing abutment heights were 3,1956 76 and
8 mm in height.'” Both studies reported that angular devia-
tions were affected by the healing abutment height.®!'” Batak
et al.!” reported that using an 8 mm coded healing abutment
led to higher angular deviations than using a 3 mm coded
healing abutment; however, coded healing abutment height
did not affect linear discrepancies. Ajioka et al.° concluded
that longer standard healing abutments led to lower angular
discrepancies; however, the results regarding linear discrep-
ancies between 5- and 7-mm coded healing abutments were
not reported.

Coded healing abutment location affected distance
deviations.!” Batak et al.'” reported lower linear discrep-
ancies on anteriorly placed implants when compared with
implants positioned in the posterior area.

Implant scan body diameter

One in vitro study has analyzed the impact of ISB diame-
ter (narrow or regular platform) and material (PEEK or Ti)
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[ Identification of studies via databases and registers ]
M)
235 studies identified database Records removed before screening:
c searching. 14 duplicate records removed. PubMed: 0
2 PubMed: 139 R Embase: 0
o Embase: 7 > Web of Science: 14
= Web of Science: 84 Scopus: 0
5 Scopus: 2 Hand search: 0
L/ Hand search: 3
— 182 studies excluded due to the following:
- 68 not based on ISB design.
— - 33 crown accuracy
- 21 10Ss accuracy.
4 - 13 of additively manufactured casts.
- 2 CAM technology.
. - 2 108 alignment.
221 ;tljjgll\jzds.c;ggned. > - 2 in Chinese language.
Embasé' 7 -2 photogrammgtry.
Web of Scieﬁce' 70 - 1 wear evaluation.
o - 1 multiple uses of ISBs.
Scopus: 2 - 1 debris retention on ISBs
Hand search: 3 . . ’
> - 1 surgical guides.
£ - 1 CAD system accuracy.
= - 1 impression post splinting.
o - 1 conventional impression.
® - 18 reviews.
A 4 - 9 case reports.

Studies of full text assessed for
eligibility.
PubMed: 35
Embase: 0
Web of Science: 1

- 3 dental technique

19 studies were excluded due to the following

Scopus: 0
Hand search: 3

— i

20 studies included in review.

)

Included

[

FIGURE 1 Prisma flow diagram.

on the accuracy of complete-arch implant scans.®” The ref-
erence stone cast represented a partially edentulous situation,
Kennedy Class III, modification 1, with 4 implant analogs (2
narrow and 2 regular diameter).®” The Authors reported the
highest scanning accuracy when narrow diameter and PEEK
ISBs were used, followed by regular diameter PEEK ISBs,
narrow diameter Ti ISBs, and regular diameter Ti ISBs.%

Implant scan body geometry

Varying ISB geometries have been tested among 11 dif-
ferent reviewed studies.”’:%-?%2427.31.33.60  Varjations
on the research methodology were identified among
included studies: reference cast with different implant
positions, depths, and angulations, inter-implant distance,
implant type and diameter, ISB geometries, digitiz-
ing methods, reference/control file, and measurement
methods.>7%-22:24-27.31.33.60 - Additionally, the majority of
reviewed studies did not report the effect of ambient lighting

\4

criteria:
- 9 not based on ISB design.
- 3 evaluated implant position.
- 1 evaluated splinting tray
- 1 evaluated implant angulation.
- 1 evaluated clinical ISB height.
- 1 evaluated manufacturing tolerances.
- 1 evaluated ISB wear.
- 1 evaluated conventional impressions.
- 1 did not involve implants.

conditions, relative humidity, operator experience, IOS cali-
bration, rescanning techniques, scanning pattern, or scanning
distance and angulation while performing experimental
intraoral digital implant scans.>”-%-2%24-27.31,33.60

Ten studies reported that ISB geometry affected scanning
accuracy,”’7222427.33.60 whereas one investigation showed
that tested ISB geometries (with or without customized
scan body ring positioned on each ISB) resulted in similar
accuracy.”! Pan et al.>* compared dome- and cuboidal-shaped
ISBs of the same manufacturer and reported that dome-
shaped ISBs had lower deviations on the ISB surface, while
cuboidal-shaped ISBs had lower angular deviations. Motel
et al.”” highlighted the fact that the effect of ISB geome-
try on scan accuracy was scanning pattern dependent, while
Mizumoto et al.”® also showed that ISB geometry affected
scanning time.

Two studies investigated the effect of ISB design on
implant analog positional accuracy in virtual or printed
definitive implant casts.”>> Both studies tested the same ISB
designs (2 screw-retained 1-piece PEEK ISBs and an ISB
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that consisted of a screw-retained piece on top of which a
magnet-retained 1-piece PEEK ISB is positioned) and the
same coordinate measuring machine (CMM) to acquire the
reference or control files. However, the magnet-retained
ISB could not be evaluated due to the movement of the
magnet-retained part during CMM analysis in one of those
studies.” Nevertheless, both studies reported that tested ISB
designs affected angular implant analog position and linear
discrepancies ranging from 4 to 18.9 um.%>

Lawand et al.*® evaluated the effect of subtractively and
additively modified ISBs on intraoral scanning accuracy. The
scans obtained by using additively modified ISBs had the
highest surface discrepancies, while the scans performed by
using subtractively modified ISBs had the lowest angular
discrepancies.”® The intraoral implant scans recorded with
the ISB without modification mostly had higher interimplant
distance discrepancies.’

ISB design modifications, with or without extensional
structures, were evaluated in two of the included studies.?*3?
One of those two studies was an animal study on beagle dogs
and evaluated the scan accuracy of a fixed partial denture
condition with two implants.>’ The authors concluded that
the ISB design with extensional structures improved the
trueness of the scans when compared with the ISB design
without extensional structures.’” Similarly, the in vitro study
reported increased precision for the design with extensional
structures, when mandibular complete-arch implant scans
were performed.”” However, conventional impressions were
shown to have higher trueness than the scans performed
by using the tested ISB without extensional structures
and higher precision than the ISB with the extensional
structures.”’

Efforts to improve the scan accuracy by using additively
manufactured auxiliary equipment attached to ISBs have also
been documented.’'*> One of those studies introduced mod-
ular chain pieces that splint ISBs,?” while a ring with eight
concentric braces was introduced in the other study.>! While
placing rings over ISBs only improved the scan efficiency,’!
the use of modular chain pieces to splint ISBs increased the
scan accuracy significantly.’”

Implant scan body material

Among the included studies, standard ISBs (not coded
healing abutments) fabricated with different materials have
been tested: l-piece PEEK,2’7’9’22"25_27’29’30’32’33’60_62 2-
piece PEEK,%?22420-28.31.6061 and -piece titanium (Ti)
ISB.28-30:60-62 Only five included articles tested 1-piece
PEEK and 2-piece PEEK ISBs; however, these ISBs had
different geometries.>!*2%>7%0 Two studies evaluated 1-
piece PEEK and 1-piece Ti, but also with different ISB
geometry.””-°" Two in vitro studies tested the same ISB geom-
etry, having the ISBs fabricated by using 1-piece PEEK,°!-%>
2-piece PEEK.°! and 1-piece Ti.c"%2
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Implant scan body retention system

None of the reviewed studies investigated the influence of
ISB retention system on intraoral scanning accuracy. Except
for studies by Yilmaz et al.” and Revilla-Leén et al.”>> all
studies tested only screw-retained ISBs.

Quality of the reviewed studies

The JBI Critical Appraisal Checklist for Quasi-Experimental
results showed a 100% low risk of bias in all included articles
for questions 1, 2, 3, 4, 5, 7, 8, and 9. Question 6 was not
applicable to any of the included studies.

DISCUSSION

Limited dental studies in the literature have analyzed the
influence of ISB design (height, geometry, material, and
retention system) on the accuracy of intraoral digital implant
scans and only 18 articles were included in the present
systematic review. Due to the variation in study method-
ology and data reporting, it was not feasible to provide
conclusions regarding the optimal ISB design for maxi-
mizing intraoral scanning accuracy or whether there is a
relationship between IOS technology and a specific ISB
design or clinical condition that maximizes intraoral scanning
accuracy.

Dental literature has identified operator- and patient-
related factors that can reduce scanning accuracy.’®>’
Although included studies in the present systematic review
aimed to assess the influence of ISB design on scanning
accuracy, details on how experimental scans were captured,
whether other factors that can reduce scanning accuracy were
considered, and how scanning conditions and IOS handling
were standardized were mostly not disclosed. This aspect
of included studies highlights the need for further details in
the dental literature while analyzing the accuracy of digital
implant scans recorded by using 1OSs.

Coded healing abutments with different heights and diam-
eters may eliminate the need for ISBs while digitizing
implants. Based on the findings of the present systematic
review, the dental literature has scarcely analyzed the influ-
ence of coded healing abutment height on intraoral scanning
accuracy.®!” In addition, only one in vitro study focused
on the comparison of scan accuracy when coded healing
abutments with different heights were used and reported
that height impacted angular accuracy.'” Therefore, addi-
tional studies are indicated to further assess the influence of
coded healing abutment height on scan accuracy. The effect
of standard ISB height on scanning accuracy has also been
investigated; however, the actual ISB height was standard
in those studies and the height of the scannable part varied
according to the implant depth.®*%* Therefore, those studies
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were not included in the present systematic review, and it is
not possible to determine whether ISB height would affect the
scan accuracy of I0Ss or not.

The geometry of the ISBs was the most frequently inves-
tigated factor within the studies included in the present
systematic review. >7-72224-27.31.33.60 Most of the studies
reported that ISB geometry affected implant scan accu-
racy, whereas only one study concluded that ISB geometry
did not affect the accuracy of implant scans.’’ However,
it should also be emphasized that among the studies that
reported a significant effect of ISB geometry, only two com-
pared ISBs from the same manufacturer.””* Two studies
tested the same ISBs”>° and reported similar results, even
though either CMM? or IOS scans’ were used to gener-
ate test group data. Modification of prefabricated ISBs to
improve the implant scan accuracy was investigated in two
studies,’’* and contradicting results have been reported.
Garcia-Martinez et al.>' showed that modifications by using
additive manufacturing did not affect the scan accuracy,
whereas Lawand et al.>? showed that subtractive modifica-
tions decreased angular and additive modification increased
surface discrepancies.

The accuracy of IOSs can decrease when digitizing restora-
tive materials, due to the reflectance discrepancies when
compared to hard dental tissues.”® PEEK or Ti ISBs can be
used to digitize implants. PEEK has the advantage of lower
light reflectance, while Ti is more dimensionally stable.”*
The 1-piece Ti ISBs may require surface treatment with an
anti-reflective scanning spray to facilitate digitization while
using an IOS. Additionally, 1-piece PEEK ISBs can be dis-
torted by multiple use’> and sterilization,>* and vertically
displaced with ISB placement.”®> Considering the reported
distortion with PEEK ISBs, their single-use or 2-piece PEEK
or 1-piece Ti ISBs may be preferred. Based on the results of
the present systematic review, only one in vitro study con-
sidered the influence of three different ISBs (1-piece PEEK,
2-piece PEEK, and I-piece Ti) on scan accuracy.’’ Even
though Mosleimon et al.°” reported that 1-piece PEEK ISB
resulted in the lowest accuracy for most of the parameters
investigated and 2-piece PEEK ISB led to the highest accu-
racy when angular deviations were considered, these results
should be interpreted carefully as tested ISBs had different
geometries. Therefore, future studies are needed to evaluate
the influence of ISB material on the scanning accuracy of
different IOSs.

None of the reviewed studies investigated the influence
of ISB retention system on intraoral scanning accuracy,
therefore, the influence of different ISB retention sys-
tems namely screw-retained, Snap-On, and magnet-retained
remains unknown. However, Revilla-Leén et al’ reported the
incapability of palpating the magnet retained 1-piece PEEK
ISB tested and, therefore, the accuracy of the ISB group was
not reported. This finding may indicate that the tested ISB
design might move under minor pressure created by tongue
movement or contact with the IOS while scanning. Studies
are needed to assess the effect of ISB retention system on
intraoral scanning.

Your smile. Our specialty”

Laboratory and clinical studies are indicated to identify
the optimal ISB design based on the IOS selected for acquir-
ing intraoral digital implant scans, as the optimal ISB design
may vary for different IOS technologies and systems. Addi-
tionally, details on how experimental intraoral digital scans
are obtained (ambient lighting conditions, relative humidity,
calibration, scanning pattern, rescanning methods, and scan-
ning distance) are fundamental for standardizing research
methodologies for data comparison among studies, as well
as measurement methods to assess scan accuracy.

CONCLUSIONS

Limited studies in the literature have analyzed the influence
of ISB design (height, geometry, material, and retention sys-
tem) on the scan accuracy of implants, and evaluation of the
findings of existing studies did not provide concrete con-
clusions regarding optimal ISB design, whether there is a
relationship between the I0S technology and specific ISB
design or clinical condition to maximize intraoral scan accu-
racy. Research studies are needed to identify the optimal
ISB design and its possible relationship with IOS used for
acquiring intraoral digital implant scans.
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