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ABSTRACT
Statement of problem. The success of single, anterior, implant-supported restorations relies on
mechanical and esthetic outcomes. Titanium has been the most commonly used material for
abutments, but zirconia is increasingly chosen for its appearance despite its unclear mechanical
performance. Today, manufacturers market prefabricated, computer-aided design and computer-aided
manufacturing (CAD-CAM) custom and zirconia abutments with titanium connections.

Purpose. The purpose of this study was to systematically review the mechanical and esthetic
outcomes of implant zirconia abutments used in the anterior region, considering the design
changes of the past 5 years.

Material and methods. An electronic search was conducted in Medline (PubMed) for studies on
zirconia abutments. All clinical studies with at least a 1-year follow-up and case series (>5
abutments) published after 2013 were included. Mechanical and esthetic outcomes were collected.

Results. Of the 231 retrieved studies, 20 remained for quantitative analysis. Twelve described
mechanical outcomes, and 15 focused on esthetics, using mainly the pink esthetic score. Five articles
reported abutment fractures and no chipping. No difference was found between prefabricated and
custom abutments or internal and external implant connections regarding fractures or screw
loosening. All authors reported “good to excellent” esthetic integration in terms of restorations and
soft-tissue color and the presence and height of papillae. The most difficult esthetic parameters to
achieve were root convexity, soft-tissue color, and texture and level of mucosa.

Conclusions. Esthetics remain the major advantage of zirconia abutment when compared with
titanium, despite reservations concerning the risk of mechanical complications. Data are lacking
for zirconia abutments with titanium inserts, although the prospects for this design are
promising. (J Prosthet Dent 2019;121:775-81)
Replacing a missing maxillary
anterior tooth with an
implant-supported crown is a
challenge because success
relies on different mechanical
and esthetic considerations.
Esthetics has been consid-
ered as important as the quality
of osseointegration and the
survival of the restoration.1 In
an esthetic evaluation, the co-
lor, shape, and surface quality
of the restoration and of the
peri-implant soft tissues are all
considered. Titanium (Ti) has
been considered the standard
abutment material, but ceramic
abutments were introduced to
address concerns about the
grayish aspect of peri-implant
mucosa. Among them, zirco-
nia (Zir) has been more popu-
lar than other ceramics, such as
alumina, because of its better

mechanical properties.2 Today, many zirconia abutments
are commercially available for all implant diameters,
connections, implant-abutment interfaces, and plat-
forms. The 3 main current options are stock or pre-
fabricated abutments (that usually can be adjusted or
veneered), computer-aided design and computer-aided
manufacturing (CAD-CAM) custom abutments, and
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abutments with titanium inserts called Ti base abut-
ments or 2-piece abutments. These abutments were
developed to receive cemented crowns,3 but screw-
retained crowns can also be used.4

In the most recent systematic review, published in
2013, Bidra and Rungruanganunt5 compared the survival,
mechanical, biological, and esthetic outcomes of implant
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Clinical Implications
Zirconia abutments provide the best color matching
and soft-tissue texture when peri-implant soft
tissues are thinner than 2 mm. To prevent fracture
risk, anodized or nitrided titanium abutments
should be preferred if the angulation is greater than
20 degrees.
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abutments (Ti and Zir) used in the anterior region. They
concluded that Zir abutments were recommended from
the esthetic point of view, especially for patients with thin
mucosal tissues, because of better color integration. A
recent review of their esthetic outcomes confirmed their
improved gingival color and reported that Zir had similar
soft-tissue recession, probing depths, bleeding on prob-
ing, marginal bone level, and patient-reported outcomes
as Ti.6 However, Zir abutments had more mechanical
complications than Ti abutments.5 The lack of mechani-
cal strength is thus the principal limitation for the wider
adoption of Zir abutments.

In the 5 years since Bidra andRungruanganunt’s review,
the use of zirconia abutments has increasedworldwide. The
limitations of abutment angulation and the minimal Zir
thickness are now better known.7,8 Furthermore, the use of
custom and zirconia abutments with titanium inserts has
expanded. These abutments are composed of a pre-
fabricated Ti prosthetic component supporting a customZir
abutment.After fabricationand refinement, the abutment is
adhesively cemented to the titaniumbase, and the resulting
restoration is screw-retained on the implant.9,10 The tita-
nium base has been reported to reinforce the abutment
in vitro.3,11-14 Clinical studies on the esthetic outcomes of
these designs are lacking.

Therefore, the purpose of this systematic review was
to assess the mechanical and esthetic outcomes of
implant zirconia abutments used in the anterior region,
considering the design evolution of the past 5 years.
MATERIAL AND METHODS

Themain question of this systematic review in the patient-
intervention-control-outcome format was “In patients
requiring a single, anterior implant, what are zirconia
abutments’ survival, mechanical, and esthetic outcomes?”
The outcomes were divided into 2 sections: mechanical
and esthetic. Abutment fracture, screw loosening, and
abutment chipping were assigned to the mechanical sec-
tion, whereas patient-reported satisfaction and objective
esthetic indices were selected as esthetic outcomes.

The search strategy in Medline (PubMed) is presented
in Supplemental Table 1. The references cited in the
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included articles were also verified. Inclusion criteria
included clinical studies using zirconia abutments and
reporting at least one of the outcome measures (me-
chanical or esthetic). All studies were published in En-
glish in a peer-reviewed journal after 2013. Pilot studies
and case series were included when they reported follow-
ups of at least 5 abutments with a minimum follow-up
time of 1 year. Literature reviews, abstracts, articles that
described the abutments solely for interim use, and
technique articles without associated clinical trials and
data were excluded.

Two reviewers (C.W., A.N.) carried out the literature
search independently until May 2018. All titles and ab-
stracts of articles found were analyzed and selected in
accordance with the eligibility criteria. Papers that
appeared to meet the inclusion criteria or in which there
were insufficient data in the title and the abstract to make
a decision were selected for full analysis. The 2 reviewers
assessed the full-text articles independently. Any
disagreement on the eligibility of studies included was
resolved through discussion and consensus. One review
author (C.W.) extracted the data, and the second author
(A.N.) checked it. The reviewers tabulated the following
data from the included articles: study design, follow-up,
number of abutments, type of zirconia abutments, and
type of control abutments.

Because of the high degree of heterogeneity in terms
of the studied materials and methodologies, a meta-
analysis was considered inappropriate.
RESULTS

After database screening and the removal of dupli-
cates, 231 studies were identified (Fig. 1). After title
screening, 93 studies remained, and this number was
reduced to 25 after examination of the abstracts. The
full texts of those 25 studies were further assessed for
eligibility. Four were excluded because they reported
clinical biological and esthetic measurements when
zirconia abutments were placed but did not investigate
those outcomes over time.15-18 Another reported me-
chanical and esthetic outcomes for posterior teeth and
only 2 canines.19 This led to a total of 20 new studies
published after 2013 (Supplemental Table 2). The key
research question allowed the selection of pertinent
studies for anterior, single restorations on incisors,
canines, and sometimes first premolars. Fixed partial
dentures were excluded.

Six retrospective studies,20-25 6 prospective studies,26-31

and 8 randomized controlled trials (RCTs) were
included.4,32-38 Among those, 11 studies specifically
focused on the outcome of zirconia abut-
ments.19,20,24,26,28,29,31-33,37,38 In the remaining 9 studies, the
focus was on distinct surgical issues, and either esthetic
outcomes or mechanical complications with Zir abutments
Naveau et al
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Figure 1. Flow diagram of study identification.
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were reported. Six studies compared the performances of Zir
abutments with Ti, Au, or Al2O3 abutments.20,24,26,29,31,32

The randomization in 3 RCTs was not related to Ti or
Zir abutment but rather to the implant surface, implant-
abutment interface, or treatment timing.4,34,35 Only the
Carrillo et al32 study compared Ti and Zir abutments.
Paolantoni et al33 investigated 2 zirconia abutment de-
signs, Thoma et al37 studied pink veneering, and
Wittneben et al38 compared prefabricated with CAD-
CAM custom abutments.

All types of Zir abutments were used in the included
studies: prefabricated abutments with or without speci-
fied adjustments or veneering fabricated by the techni-
cian providing the definitive crown (8/19), custom
abutments fabricated with CAD-CAM technology
(11/19); and abutments with titanium insert (2/19). In 3
studies, the type of zirconia abutment was not
specified.23,25,36

The included studies considered screw abutment
loosening to be a minor mechanical complication,
whereas an abutment fracture was considered a major
mechanical complication (when requiring the replace-
ment of the prosthetic component). Chipping of the
abutment was not always investigated in the material
and methods section of the included studies.

Twelve studies described the mechanical behavior of
zirconia abutments (Table 1), and mechanical compli-
cations distribution varied among them. Only 5
studies21,26,32,33,37 reported fractures, with fracture
Naveau et al
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percentage varying from 1.2% to 8%. In a total of 659
abutments, 15 fractures were reported. A few fractures
were reported around screw access holes with thin walls
for implantation with external connection (9%)21 and at
the implant neck in implants with internal connec-
tions.21,37 Implant diameter did not influence the
investigated outcomes; fractures occurred with both
narrow diameter implants (3.5 mm)32 and with regular
diameter implants (4 mm).21,26 The remaining 2
studies33,37 reporting fractures did not detail implant
diameter and did not refer to narrow implant diameter
as an explanation for fracture.

No specific time frame could be defined because one
study reported fracturing during tightening of the abut-
ment to the specified torque,32 whereas others described
fracture occurrence within the first year.21,26,37 The 2
studies21,33 that reported 4% and 6.7% of zirconia abut-
ment fractures considered longer follow-up periods, 4
years and up to 12 years, respectively. In the retrospective
study by Passos et al,21 1 fracture occurred each year
between baseline and the sixth year for a maximum
follow-up of 12 years.

The highest rate of abutment screw loosening was
6%.26 No abutment chipping was reported. No me-
chanical outcomes were presented in either of the 2
studies using zirconia abutments with titanium
inserts.4,35

Esthetic outcomes were mostly reported through soft-
tissue-contour indices and patient satisfaction question-
naires (Table 2). The pink esthetic score (PES) was
established by a comparison with a reference tooth (adja-
cent to the premolar region or contralateral to the anterior
region).39 This scale (scoring of 0, 1, or 2) describes 7 peri-
implant mucosal components (shape of mesial and distal
papillae, level of soft-tissue margin, soft-tissue contour,
alveolar process, and soft-tissue color and texture),
resulting in amaximumscoreof 14. Belser et al40 completed
the PES with a white esthetic score (WES) that evaluated
the esthetics of the clinical crown of the implant
restoration as well (tooth form, volume, color, surface
texture, and translucency). This PES/WES considered both
mucosal and dental components, with 10 points for both
the parts. The PES was used in 3 studies,30,34,35 and PES/
WES was used in 6 studies.4,23-25,27,38 With PES, a score
>10 is considered good and that >12 is considered
excellent. With PES/WES, the acceptability threshold
is 6.

Several studies focused on the presence and height of
papillae, with direct measurements or by using the
Papilla Index20,36 described by Jemt.41 Borges et al29

applied PES scoring to describe papillae. Carrillo de
Albornoz et al32 and Santing et al27 used the Implant
Crown Aesthetic Index, the last group comparing PES/
WES and the Implant Crown Aesthetic Index. Branzen
et al20 used patient qualitative satisfaction questionnaires
THE JOURNAL OF PROSTHETIC DENTISTRY
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Table 1.Mechanical outcomes

Study
Follow-up
(Year)

Number of Patients
(Abutments) Zirconia Abutment Type

Abutment
Fracture

Abutment
Loosening

Borges et al. (2014)29 1 36 Custom 0 0

Carrillo de Albornoz et al. (2014)32 1 25 Prefabricated 2 0

Hosseini et al. (2013)31 3 59 (98) 52 prefabricated 0 0

Lops et al. (2015)26 2 77 14 prefabricated+20 custom 1 1 (prefabricated)
and 1 (custom)

Paolantoni et al. (2016)33 4 65 (74) 29 prefabricated (cemented)+35
prefabricated (screw-retained)

3 (2 pieces)+2 (1 piece) 0

Passos et al. (2016)21 Up to 12 150 Prefabricated+custom 6 1

Rinke et al. (2015)22 >5 27 (42) Prefabricated 0 2

Santing et al. (2013)27 1.4 60 Custom 0 0

Takeshita et al. (2015)23 1.5 18 (21) Not specified 0 0

Thoma et al. (2016)37 1 20 Custom 1 0

Wittneben et al. (2017)38 1 40 20 prefabricated+20 custom 0 0

Zembic et al. (2015)28 11 16 (31) Custom 0 2

778 Volume 121 Issue 5
to assess esthetic outcomes, specifically focusing on the
indication to replace the restoration. Patients’ opinions
were also used to supplement objective evaluation.24,27

Hosseini et al31 used the Copenhagen Index Score and
complemented it with questions from the Oral Health
Impact Profile-49 questionnaire.

All indices considered that authors reported “very
good to excellent” esthetic results and patient satisfac-
tion, even if no significant correlation between objective
scores and patient questionnaires was found.24 Accord-
ing to PES scoring, the most difficult esthetic parameters
to achieve were root convexity, soft-tissue color and
texture,24,35 and level of mucosa.4,27,30
DISCUSSION

The goal of the review was to update knowledge on the
esthetic and mechanical outcomes of zirconia abutments
in the anterior region. Until now, their main interest lay
in very good esthetic integration, whereas mechanical
complications represented 1.15%, according to Bidra and
Rungruanganunt.5

Concerning mechanical behavior, complications
reported in the included studies were in accordance with
the review of Bidra and Rungruanganunt,5 showing no
change over the past 5 years. Thin screwwalls, for external
implant-abutment connections, and implant neck, for
internal implant-abutment connections, were identified
as weak parts susceptible to fracture, whereas no specific
failure time scheme was defined. However, most exam-
ined studies included follow-up times of up to 1 year.

Heterogeneity in the study designs limited a com-
parison of the mechanical results. The data extraction
from the included studies was challenging because of
the number and types of Zir abutments, which were
not always clearly identified. Furthermore, the hetero-
geneity among zirconia abutment designsdprefabricated,
custom, and with titanium insertdmade comparisons
THE JOURNAL OF PROSTHETIC DENTISTRY
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unreliable. Most studies focusing on surgical protocols
and using zirconia abutments did not give any details
regarding the prosthetic issues. Thus, whether any
complications occurred or were not considered relevant
in view of the primary objectives was difficult to infer. In
those situations, the study was not considered for anal-
ysis in the mechanical section.

During the past 5 years, studies have mainly used
implants with internal connections. In the only 2 retro-
spective studies that analyzed the mechanical and
esthetic outcomes of zirconia abutments with external
connection, Zembic et al28 reported only 2 screw-
loosening events, and Branzen et al20 did not report any
complications at all. The hypothesis made by Bidra and
Rungruanganunt5,42 about a possible trend toward
abutment screw loosening with external connections was
not supported in the present review, although it has been
supported by in vitro findings.

The number of studies examining CAD-CAM abut-
ments has increased in the past 5 years, but only 2 new
studies4,35 have been published reporting zirconia abut-
ments with titanium insert outcomes in the anterior re-
gion, neither detailed mechanical complications. The
effect of mechanical reinforcement due to the titanium
component could not be assessed.

To limit mechanical complications, manufacturers
have restricted the indications for Zir abutments to
limited angulation. Indeed, stock abutments provide a
maximum angulation of 15 to 20 degrees, whereas
Atlantis CAD-CAM custom abutments, for example, are
not recommended for angulation over 30 degrees. This
concern was often reported by investigators who chose
the abutment design based on clinical parameters (such
as implant angulation26,31 or soft-tissue thickness)24,26

rather than through a randomization process, thus
seemingly acting in the best interest of the patients.
Angulation of 20 to 30 degrees seems to be the generally
accepted maximum limit of indication for zirconia
Naveau et al
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Table 2. Esthetic outcomes

Study Zirconia Abutment Type Control Abutment Type Indices Outcomes

Barwacz et al. (2016)34 Custom, Atlantis PES Group Conical Interface subjects’ median sum
PES values ranged from 8.0 to 10.4. Group Flat-
to-flat Interface subjects’ median sum PES
values ranged from 7.0 to 10.0. Group Platform
Switch Interface subjects’ median sum PES
values ranged from 7.4 to 10.4. No statistical
difference

Bashutski et al.
(2013)36

Not specified PPI and patients’
satisfaction

PPI values for the flap control group and flapless
test group were 2.38 (0.51) versus 2.31 (0.48) at
crown placement and 2.52 (0.52) versus 2.64
(0.54) at 15 months (P=.42), Not significant.

Borges et al. (2014)29 Custom, Atlantis Custom, Ti-Ni and Au-Ti Papilla score from
PES

No significant difference for papilla presence

Branzén et al. (2015)20 36 custom 8 custom Ti, 10 prefabricated
Al2O3 CeraOne

PI and satisfaction
questionnaire

Eight questions concerning the form, color, and
appearance of the restorations, where
satisfaction/importance was to be rated from 1
(not at all) to 5 (completely/very). The last
question dealt with the possible desire to have
the crown replaced (yes/no). Mean: 21.08.

Carrillo de Albornoz
et al. (2014)32

11 prefabricated, SPY-ART 14 prefabricated, Ti SPY EASY ICAI-mucosa A subanalysis of the ICAI-mucosa index items
showed a better integration of the color and
surface of the mucosa with zirconia abutments

Den Hartog et al,
(2013)4

Custom, Procera+Ti insert PES WES PES 6.1, 6.3, 6 and WES 7.2, 7.4, 7.2, with
machined, rough with grooves, and scalloped
rough implant necks respectively.

Fürhauser et al.
(2017)30

Custom, Procera PES 12.6

Hosseini et al. (2013)31 52 prefabricated 46 prefabricated, Ti and Au CIS et OHIP-49

Kolerman et al.
(2017)25

Not specified PES WES 15.5

Rieder et al. (2016)35 Ti insert, Straumann CARES PES 8.47, 7.93, 6.62, and 8.10; significant differences
between immediate/immediate and early/

immediate and between early/immediate and
early/early (implant placement/prosthetic

restoration)

Santing et al. (2013)27 Custom, Straumann CARES PES WES ICAI 6.9 7.5

Takeshita et al.
(2015)23

Not specified PES WES PES 10.52 (/14) (baseline) and 10.24 (1.5 y) WES
8.05 (baseline) and 8.29 (1.5 y)

Thoma et al. (2016)37 Custom, Atlantis, pink veneered
and nonveneered

PI No significant difference after 1 year

Vanlioglu et al.
(2014)24

10 prefabricated, IPS e-max
Straumann

45 Ti Anatomic Straumann PES WES patient
satisfaction
questionnaire

15.33 baseline and 15.71 after 4 years. No
difference with or without veneering

Wittneben et al.
(2017)38

20 prefabricated, IPS e-max
(A)+20 Custom, Straumann
CARES (B)

PES WES PES 7 (A) and 7.65 (B) WES 8.28 (A) and 8.50 (B).
No difference between prefabricated and
custom abutments

CI, Conical interface; CIS, Copenhagen index score; FI, flat-to-flat interface; ICAI, Implant crown aesthetic index; OHIP, oral health impact profile; PES, pink esthetic score; PPI, papillary index;
PS, platform switch interface.
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abutments, whether in regard to mechanical issues or for
esthetic reasons.

Narrow diameter implants and abutments have been
hypothesized to be more susceptible to fracture because
of the thinness of the zirconia components. Carrillo
et al32 reported that all fractures occurred with narrow
implants, but Lops et al26 and Passos et al21 reported
fractures with 4-mm-diameter implants and none with
narrow implants. Thus, the influence of implant diameter
on fracture was not established.

Analyzing esthetic outcomes of Zir abutments was
the other objective of this systematic review. Linkevicius
and Vaitelis6 stated that Zir abutments provided better
color integration. In their RCTs comparing Ti and Zir
materials, Carrillo et al32 also showed the advantage of
Naveau et al
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Zir for mucosal surface. Otherwise, all authors claimed
“good to excellent” esthetic results with prefabricated
and custom zirconia abutments. Yet, this success cannot
be attributed solely to the choice of zirconia
material because in all studies, bone and soft tissue de-
fects were either corrected with a graft or constituted an
exclusion criterion.

Because zirconia abutments with titanium inserts
were used in only 2 studies, it is difficult to know
whether this alternative is validated from the view-
point of esthetics, but prospects are encouraging. Den
Hartog et al4 used those abutments because no zir-
conia abutments were available with the specific
implant neck required for their study; yet, they found
no differences after 1 year in the PES/WES scores
THE JOURNAL OF PROSTHETIC DENTISTRY
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when compared with those of zirconia abutments.
Rieder et al35 chose abutments with titanium inserts
and obtained the same results (mean PES ranging
from 6.6 to 8.4, according to implant placement and
restoration protocol).

Coloring is the new trend toward improved esthetic
integration. It can be obtained through veneering of a
zirconia abutment or by anodization of titanium. Clinical
spectrophotometric studies showed a statistically signif-
icant improvement in color with pink anodization of Ti
abutments or Ti implant necks compared with the gray
titanium, yet still inferior to Zir abutments.16,43 Pink
veneering of zirconia is more promising according to
spectrophotometric measurement, without significant
biological or technical alteration.18,37 Zirconia veneering
with a fluorescent ceramic was also validated by spec-
trophotometry,17 although the benefits of fluorescent
veneering of a Ti-base abutment was not conclusive.44

Only Borges et al29 reported nitriding of titanium to
obtain a gold aspect for improved color integration. The
choice of the zirconia material for the abutment is only 1
parameter of esthetic success for anterior, single-tooth
implant restorations along with the choice of crown
material and soft-tissue quality, color, and contour.

CONCLUSIONS

Based on the findings of this systematic review, the
following conclusions were drawn:

1. Zirconia abutments provide better matching and
integration of the color and surface of soft tissues
than titanium abutments.

2. Zirconia abutments are particularly indicated in
patients with thin peri-implant mucosa because
discoloration does not depend on tissue thickness,
whereas thick tissues are necessary to mask the gray
color of titanium.

3. No difference was demonstrated between zirconia
and titanium regarding papilla presence and height.

4. Some authors reported less marginal bone loss with
zirconia abutments than with metal abutments.

5. Fractures of zirconia abutments are still regularly
reported. Indications should be restricted to <20 to
30 degrees to prevent them. No influence of implant
diameter was found.

6. CAD-CAM custom abutments may provide better
soft-tissue stability, but this question should be
better documented later with currently ongoing
studies. There is no difference between custom and
prefabricated abutments in mechanical outcomes
after 1 year and up to 12 years.

7. Sparse information is available concerning the me-
chanical and esthetic outcomes of zirconia abut-
ments with titanium inserts in the anterior region.
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Supplemental Table 1. Research strategy (PubMed/Medline, May 2018)

#1 #2 #3 #4

Anterior teeth
OR canine
OR incisor

Zirconia abutment
OR hybrid abutment
OR zirconium abutment
OR alumina abutment
OR ceramic abutment
OR porcelain abutment
OR esthetic abutment
OR cad-cam abutment
OR computer-aided design*
OR metal free abutment
OR custom abutment
OR dental porcelain/therapeutic use*
OR titanium based abutment
OR dental implant-abutment design*
OR dental abutments*
OR dental implant-abutment design/methods*
OR dental implants, single-tooth*
OR dental prosthesis design*
OR zirconium*
OR zirconium/therapeutic use*
OR dental prosthesis, implant-supported*

Success rate
OR survival rate
OR fracture
OR chipping
OR mechanical properties
OR esthetic
OR esthetic outcomes
OR retention
OR screw loosening
OR screw fracture
OR spectrophotometric analysis
OR discoloration
OR color change
OR esthetics, dental*
OR dental prosthesis repair*
OR dental restoration failure
OR prosthesis failure/adverse effects*

Longitudinal study
OR cohort study
OR clinical study
OR controlled study
OR retrospective study
OR randomized study
OR follow-up studies
OR multicenter study
OR randomized controlled trial
OR comparative study

#1 AND #2 AND #3 AND #4.

Supplemental Table 2. Summary of included studies

Study Design
Follow-up
(year)

Number of
Patients

(Abutments) Zirconia Abutment Types Types

Barwacz et al. (2016)34 RCT 5 141 Custom, Atlantis

Bashutski et al. (2013)36 RCT 1.25 24 Not specified

Borges et al. (2014)29 Prospective 1 36 Custom, Atlantis Custom, Ti-Ni, and Au-Ti

Branzén et al. (2015)20 Retrospective 5 36 (54) 36 custom 8 custom Ti, 10 prefabricated Al2O3

CeraOne

Carrillo de Albornoz et al. (2014)32 RCT 1 25 11 prefabricated, SPY-ART 14 prefabricated, Ti SPY EASY

Den Hartog et al. (2013)4 RCT 1 93 Custom, Procera+Ti insert

Fürhauser et al. (2017)30 Prospective 5 77 Custom, Procera

Hosseini et al. (2017)31 Prospective 3 59 (98) 52 prefabricated 46 prefabricated, Ti and Au

Kolerman et al. (2017)25 Retrospective 1 38 Not specified

Lops et al. (2015)26 Prospective 2 77 13 prefabricated, Zir Design+20 Custom,
Atlantis

23 prefabricated, Ti design+16 Ti
prefabricated, Atlantis

Paolantoni et al. (2016)33 RCT 4 65 (74) 29 prefabricated, SPY-ART (cemented)+45
prefabricated, SPY-ART (screw-retained)

Passos et al. (2016)21 Retrospective Up to 12 150 Prefabricated, 3i+custom, Nobel, Astra,
and Straumann

Rieder et al. (2016)35 RCT 1 48 Ti insert, Straumann CARES

Rinke et al. (2015)22 Retrospective >5 27 (42) Prefabricated, Cercon

Santing et al. (2013)27 Prospective 1.5 60 Custom, Straumann CARES

Takeshita et al. (2015)23 Retrospective 1.5 18 (21) Not specified

Thoma et al. (2016)37 RCT 1 20 Custom, Atlantis, pink veneered and non-
veneered

Vanlioglu et al. (2014)24 Retrospective 2 to 4 55 (47) 10 prefabricated, IPS e-max Straumann

Wittneben et al. (2017)38 RCT 1 40 20 prefabricated, IPS e-max+20 Custom,
Straumann CARES

45 Ti Anatomic Straumann

Zembic et al. (2015)28 Prospective 11 16 (31) Custom, Metoxit

RCT, randomized controlled trial.
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