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Abstract

Purpose: The aim of this review was to evaluate the survival rates of restorations
utilizing titanium base abutments (TBA) for restoring single-unit implant prostheses.
Materials and Methods: This review was conducted following the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) guidelines. The focus ques-
tion was: In patients who require the restoration of a single dental implant utilizing
a titanium base abutment, what are the determining factors and outcomes relating
to implant prosthesis prognosis and survival? A comprehensive search of databases
(PubMed, EMBASE, and Cochrane Library) was conducted on 16 April 2023 and up-
dated on 5 May 2023. Randomized clinical trials (RCT), retrospective studies and pro-
spective studies, reporting on the use of TBA for single implant prostheses, were
reviewed. A Cochrane collaboration risk of bias assessment analysis was performed
for randomized clinical studies, and the Newcastle-Ottawa Scale tool was applied for
non-randomized studies. A meta-analysis was performed on clinical trials reporting on
survival rates of both TBA and other abutments. Other clinical studies, reporting on
TBA only, were included for descriptive statistics.

Results: The search provided 1159 titles after duplicates were removed. Six RCTs
were included to perform a meta-analysis and compare the survival of the TBA to
other abutments [OR 0.74; 95% Cl: 0.21-2.63, heterogeneity; 12 0%; p=.99]. Twenty-
three prospective and retrospective studies fulfilled the criteria and were included in
the meta-analysis after 12 months of function. A total of 857 single implant-supported
prostheses fabricated with a TBA were included. TBA abutments have an estimate
98.6% survival rate after 1year in function (95% Cl: 97.9%-99.4%). The mean follow-
up period was 31.2+16.9 months.

Conclusions: Single implant prosthesis restored with titanium base abutments showed

favourable short-term survival rates.
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1 | INTRODUCTION

Single fixed implant-supported prostheses, also referred to as
implant-supported single crowns (iSC), have predictable clinical
outcomes with high survival and success rates, and are a reliable
option to replace the single missing tooth (Alqutaibi et al., 2021,
Buser et al., 1997; Jung et al., 2012; Sailer, Zembic, et al., 2009).
Advancements in technology and dental materials have resulted
in different fabrication options for the single implant prosthesis
(Joda, Ferrari, Gallucci, et al., 2017; Kapos & Evans, 2014; Karoussis
et al., 2004). A dental implant-abutment fabricated utilizing a por-
celain fused to metal reconstruction, has been the ‘standard’ to
which newer techniques are compared (Alqutaibi et al., 2021;
Lemos et al., 2019; Rammelsberg et al., 2020; Schmitt & Zarb, 1993;
Schwarz et al., 2012). Clinicians have sought alternative techniques
to abutment fabrication in attempts to reduce labour and material
costs (Joda & Bragger, 2015).

Industrialized processes in the fabrication of a dental prosthe-
ses have led implant manufacturing companies to develop compo-
nentry which can be integrated into the complete digital dentistry
workflow (Al-Thobity, 2022). The evolution of computer-aided de-
sign (CAD) and computer-assisted manufacturing (CAM; CAD/CAM)
have enabled clinicians to access a wider variety of dental materi-
als (Joda, Ferrari, & Bragger, 2017; Kapos et al., 2009; Mihlemann
et al., 2020). CAD/CAM manufacturing facilitated the creation of
the titanium base abutment (TBA). These abutments are importantly
unique and different to customizable abutments as it is associated
with a digital library. The digital library is provided by the manufac-
turer and allows the prosthesis designer to have a genuine digital
replica of the abutment.

Titanium base abutments, for single unit restorations, commonly
have anti-rotation features in the connection area to the endosseous
implant, as well as surface irregularities along the retentive attach-
ment segment to enhance resistance form for crown fixation. These
abutments have specific geometric shapes and are unique to each
manufacturer (Al-Thobity, 2022). In general, the geometry of TBA has
four components; a prefabricated implant-abutment connection; a
flat abutment shoulder; a retentive attachment segment; and a trans-
mucosal segment. The TBA is available in a variety of retentive attach-
ment and transmucosal heights and contours, which are stored in a
digital library with open STL files containing the required TBA geome-
tries. Once TBA is selected and the full crown or intermediate coping
is designed using a (CAD) software, the resulting STL file of the resto-
ration is sent for milling. The fitting surface of the milled restoration
to the TBA should require very little adjustment and has an intimate
fit prior to cementation. The restoration can then be contoured and

finalized prior to being adhesively cemented to the TBA extra-orally.

The TBA offers several advantages for implant prostheses which
include avoiding direct contact of zirconia in the connection area to
the titanium implant (Sailer, Philipp, et al., 2009); a low metal pro-
file, the emergence profile and improving mucosal colour (Carrillo de
Albornoz et al., 2014; Jung et al., 2012); preventing the abutment-
implant interface from damage or oxidative change during technical
fabrication (Joda, Ferrari, Gallucci, et al., 2017); cementation of the
restoration extra-orally and use as screw-retained implant prosthe-
ses (de Holanda Cavalcanti Pereira et al., 2022; Joda, Ferrari, & Brag-
ger, 2017); and a lower cost of fabrication (Joda, Ferrari, Gallucci,
etal., 2017).

Alternative names of such prefabricated abutments found in the
literature include: Ti-base abutments; titanium-bonding bases; tita-
nium insert; cementing cap; hybrid abutments (Al-Thobity, 2022).
Furthermore, individual implant companies create confusion by re-
ferring to TBA with proprietary names. There is a lack of consistent
terminology, and no suitable term has been published in the Glos-
sary of Prosthodontic Terms. Moving forwards, a universal defini-
tion is required to enable historical information to be compared to
newer strategies. Figure 1 categorizes the TBA abutment as a stock
abutment with an integrated digital library. A single implant pros-
thesis fabricated with a TBA can be fabricated with one or two ad-
ditional layers and is either screw- or cement-retained. The primary
aim of this systematic review was to analyse the survival rates, and
biological, technical and aesthetic outcomes of TBAs, when restor-

ing a single implant prosthesis.

2 | MATERIALS AND METHODS

This systematic review is based on the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) checklist structure
(Moher et al., 2010).

A protocol was developed aiming to answer the focused question
‘In patients who require the restoration of a single dental implant
utilising a titanium base abutment, what are the determining factors
and outcomes relating to implant prosthesis prognosis, survival?’

This question considered the following population, intervention,

comparison and outcome (PICO) criteria:

e Population: Partially edentulous patients with at least one implant
in the maxilla and/or mandible needing restoration.

e Intervention: Titanium dental implants restored with a TBA for a
single-implant prosthesis.

e Comparison: Titanium dental implants restored with custom-
ized abutments incorporating any abutment material and de-

sign including cast to abutments; altered stock abutments; and
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FIGURE 1 Flow diagram describing the layers to iSC. Other traditional stock and customized abutments historically used for screw-
retained or cement-retained single implant crown restorations that are not stored in digital libraries are not further displayed.

customized CAD/CAM abutments fabricated from titanium,
chrome-cobalt, or zirconia.

e Qutcomes: survival rates, and technical complications, biological
complications and aesthetic outcomes.

2.1 | Search strategy for identification of studies

Evaluation criteria were defined in accordance with the PICO cri-
teria. A systematic electronic literature search from PubMed,
EMBASE and Cochrane Library databases was performed. The
complete search strategy aimed to identify all types of publications
in English from 01 January 2000 up to 16 April 2023 and included
the terms detailed in Table 1. The search was completed by JC and
CE. Population-based search terms including dental implant, oral

implant, endosseous implant, jaw, partially edentulous and single
missing tooth. Considering the intervention that was performed the
following terms were used; implant restoration or prosthesis; tita-
nium abutment; Ti-base; Variobase®; universal abutment; implant
hybrid restoration; two-piece abutment; titanium insert; titanium
cementing abutment; hybrid zirconia abutment. The comparison
group was searched using the terms—customized abutment, zirconia
abutment, cast to abutment, gold abutment, CAD/CAM anatomical
abutment. The outcomes searched were implant prognosis, implant
survival, implant success, prosthetic complications, prosthetic sur-
vival, prosthetic success, patient satisfaction, clinical satisfaction,
biological complications, aesthetics, technical complications and
treatment time.

A free electronic search was updated on 5 May 2023 by WD of
‘(implant OR implants OR dental OR oral) AND (variobase OR ti-base
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TABLE 1 Systematic search strategy.

Focus question: In patients who require the restoration of a dental implant utilizing a titanium base abutment, what are the determining factors
and outcomes relating to implant and prosthesis prognosis, survival

Search strategy

Population

Intervention or exposure

Comparison

Outcome

W NP

. Dental implant OR oral implant OR endosseous implant

Jaw OR partially edentulous OR partial edentulous OR single missing tooth

. Implant restoration OR implant prosthesis
. Titanium abutment OR Titanium base OR Ti Base OR Variobase® OR universal abutment OR implant

hybrid restoration OR two-piece abutment OR titanium insert OR titanium cementing abutment OR
hybrid zirconia abutment

. Customized abutment OR zirconia abutment OR cast-to abutment OR gold abutment OR CAD/CAM OR

anatomical abutment OR UCLA abutment OR abutment

. Implant prognosis OR implant survival OR implant success OR prosthetic complications OR prosthetic

survival OR prosthetic success

7. Patient satisfaction OR clinical satisfaction OR biological complications OR biological outcomes OR
aesthetics OR technical complications OR treatment time

Search combination
Database search

Language English

Electronic
Selection criteria

Inclusion criteria

a b~ WN -

follow-up time was included.

Exclusion criteria

. Studies with multiple units

NOoOubhowNeEL O

OR titanium base abutment OR bonding base OR hybrid abutment
OR titanium base) AND (Clinical OR RCT OR prospective OR out-
come). The search results were exported and organized utilizing
specialized bibliographic software, where any duplicate articles
were removed (EndNote X9, Version 3.3, Wintertree Software Inc).
Two independent observers independently scanned the abstracts
and later, the preselected full-text articles. For studies meeting the
inclusion criteria, full-text manuscripts were obtained and evaluated
further. All studies meeting the inclusion criteria were subject to
further data extraction. Data were extracted using structured data
extraction forms. Any disagreement was discussed, and an addi-
tional review author, WD, was consulted when necessary. Outcome
parameters, descriptive summaries of the relevant study character-
istics and influence parameters (study design, number of patients,
number of single inserted dental implants) of the respective included
studies were extracted. The primary outcome was the survival rate
of TBA and secondary outcomes were biological outcomes, pros-

thetic complications and aesthetic clinical outcomes.

. Clinical studies on adults only (18+)

. Published between 2000 and 2023

. Studies at all levels of evidence, except expert opinion

. Incorporate the use of a titanium base abutment

. If there are multiple publications on the same patient cohort, only the publication with the longest

. Not meeting all inclusion criteria
. Studies in languages other than English

10R20OR30OR4AND5AND (6 OR7)

PubMed, EMBASE and Cochrane Central Register of Controlled Trials (CENTRAL)

. Sufficient reporting on the detailed clinical outcomes (survival) of TBA

. Studies with mean follow-up time <1year

. Absence of clear methodology indicating type of abutment

. Studies reporting on ceramic or subperiosteal implants

. Poor reporting on drop-outs and number of patients at follow-up

2.2 | Eligibility criteria
2.21 | Study types

Clinical studies on dental implants restored with a single-implant
prosthesis under functional loading, including at least 10 treated
patients and published in English journals were evaluated. The stud-
ies must have had subjects over the age of 18, published between
2000 and 2023, evaluating a TBA with a superstructure manu-
factured using a digital implant-abutment library and CAD/CAM
techniques. If there were multiple publications on the same patient
cohort, only the publication with the longest follow-up time was
included.
The following study designs were included:

e Prospective: randomized-controlled; non-randomized controlled;
and cohort studies

e Retrospective: controlled; case-control; and single cohort.
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Comparative studies

(n=6)

é Records identified through database Records identified through free-electronic
8 searching ending 16 April 2023 ending 5 May 2023
b= Pubmed (n=759) EMBASE(n=539) (n=14)
o Cochrane (n=493)
i
l Publications excluded during title screening
Titles screened (n=576)
—_—

(n=1815) Duplicates removed
g
c l (n=646)
o
g
A Publications excluded during abstract
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R screening

(n=584) (n=283)
> ) S
R Full-text articles assessed for eligibility Full-text articles excluded with reasons
=
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w
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o l
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Randomized controlled
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studies (RCs) (n=8)

FIGURE 2 PRISMA flow diagram.
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TABLE 2 Included papers.

Randomized controlled studies (RCTs) 6

Prospective cohort studies 15

Retrospective cohort studies 8

Total

TABLE 3 Excluded papers at data extraction.

Study

Meijndert et al. (2021)

Rathe et al. (2021)

Asgeirsson et al. (2019)/Stucki et al. (2021), Thoma et al. (2017)
Saponaro et al. (2023)

Mangano et al. (2019)

Joda and Bragger (2015)

Akin and Chapple (2022)

Rattanapanich et al. (2019)

Kunavisarut et al. (2022)

Derksen et al. (2021)

2.2.2 | Exclusion criteria

The following studies were excluded: (1) not meeting all inclusion
criteria; (2) studies in languages other than English; (3) studies
with multiple units; (4) studies with mean follow-up time less than
12months; (5) absence of clear methodology indicating type of
abutment; (6) studies reporting on ceramic or subperiosteal im-
plants; (7) poor reporting on dropouts and number of patients at

follow-up.

Number Studies

Miihlemann et al. (2020)
Erhan Comlekoglu et al. (2018)
Mangano and Veronesi (2018)
Vazouras et al. (2022)

Rathe et al. (2022)

Wolfart et al. (2021)

Linkevicius et al. (2018)
Gierthmuehlen et al. (2020)
Bodereau et al. (2020)
Krawiec et al. (2021)

Joda, Ferrari, & Bragger (2017)
Strauss et al. (2022)

Finelle et al. (2021)

Trimpou et al. (2022)

Lilet et al. (2022)

Derksen & Wismeijer (2022)
Linkevicius et al. (2022)
Naumann et al. (2023)

Joda et al. (2018)

Salem et al. (2022)
Strasding et al. (2023)

Chen and Pan (2019)
Diéguez-Pereira et al. (2020)
Lerner et al. (2020)
Menchini-Fabris et al. (2020)
Guncu et al. (2022)

De Angelis et al. (2020)
Iglhaut et al. (2021)

Gehrke et al. (2023)

29

Reason for exclusion

Full methodology of abutment design not reported

Same patient pool to a more recent study as Rathe et al. (2022)

Same patient pool to a more recent study Strauss et al. (2022)

Single unit prostheses results not separated from multiple unit prostheses
Same patient pool to a more recent study Lerner et al. (2020)

Same patient pool to a more recent study Joda, Ferrari, & Bragger (2017)
Full methodology of abutment design not reported

Abutment utilized does not have a digital library

Follow-up period not sufficient

Same patient pool to a more recent study Derksen and Wismeijer (2022)

2.3 | Dataanalyses
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Two reviewers (JC and CE) independently extracted the data of the
included articles. The authors were calibrated prior to the data ex-
traction to ensure consistency within the process. When an article
was published as an RCT but did not directly compare TBA to other
abutments, it was categorized as a prospective study. The study
characteristics as author, year, study setting, study design, mean

follow-up time, total number of included patients at baseline and at
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TABLE 4 Descriptive characteristics of randomized clinical trials.

No TBA follow-up (baseline)/

Follow-up
(months)

control customisable abutment

(baseline)

Number of patients

(baseline)

Intervention and control abutment types

Abutment location

Study

CHANTLER ET AL.

TBA with zirconia suprastructure (t) compared to gold

12

Posterior maxilla and

38(39)/36(37)

74 (76)

Miihlemann et al. (2020)

cast-to PFM (c)

mandibular

Immediate finalized placement (t) of abutments and dis/

24

Anterior maxilla

16 (16) 16 (16)/16 (16)

Erhan Comlekoglu

reconnections (c)

et al. (2018)

Digital procedure TBA (t) vs. analogue procedure PFM (c)

12

Posterior maxilla and

50 (50) 25(25)/25 (25)

Mangano and

mandible

Veronesi (2018)
Vazouras et al. (2022)

Crossover design; grey titanium abutment; pink anodized

12

Anterior maxilla

25(25) TBA/25 (25) titanium/25

25(25)

titanium abutment; TBA with zirconia crown
Compared TBA (t) to one piece CAD/CAM titanium

(25) pink anodized

22 (24)/22 (24)

60

All locations

22 (24)

Rathe et al. (2022)

abutments (c)

Screw retained TBA compared to cement retained

24

Posterior maxilla and

27 (28)/26 (28)

39 (41)

Wolfart et al. (2021)

mandible

Abbreviations: ¢ control; PFM: porcelain fused to metal crowns; t test; TBA: titanium base abutments.

follow-up, number of patients dropped outs were recorded. The res-
toration design features extracted was either one piece cemented to
a TBA or two pieces cemented to a TBA; material cemented to TBA,

type of cement utilized; and TBA geometry.

2.4 | Outcome measures

Restoration survival was defined as a prosthesis with an abutment,
and restorative crown or intermediate coping remaining in situ, for the
entire observation period without replacement. Failure in this present
systematic review was considered when the prosthesis was reported
to be lost, removed and/or remade however, did not include reasons
such as implant loss. Biological outcomes such as marginal bone level
(MBL) loss, bleeding on probing and periodontal pocket depths (PPD)
were recorded. Technical outcome of debonding was defined as loss
of retention of the restorative material to the TBA. Chippings that
were repairable and/or polishable, screw loosening and abutment
fracture were considered as a technical complication and the data
were extracted through descriptive measures. Aesthetic outcomes
were recorded as PES and WES scores. Prosthetic loading was re-
ported and classified according the ITI Treatment Guide Vol. 3 (Buser
et al., 2019). The loading classification reported by the 4th ITI Con-
sensus Conference was utilized for this review (Weber et al., 2009).

2.5 | AQuality assessment of the included studies

JC and CE made the quality assessment of the included studies. The
quality assessment for RCTs was performed with the Cochrane clas-
sification of assessing risk and non-randomized studies were per-
formed with the Newcastle-Ottawa Scale (NOS). According to the
NOS, studies with scores <5 were considered as low quality, 5-7
were considered as moderate quality and scores >7 were considered
as high quality.

2.6 | Statistics

The included RCTs of similar design permitted a meta-analysis as-
sessing the survival rate of a prosthesis restored with a TBA and
comparing the TBA to other abutments. A meta-analysis was also
used to compare survival rates and MBL loss of TBA to other abut-
ments. In the present systematic review, survival rates were cal-
culated by dividing the number of events (failed restorations) by
the total number of restorations. For each study, event rates for
the TBA were calculated by dividing the total number of events
by the total number of TBA exposed after 1year in function. Tita-
nium base abutments were also compared to other abutments by
calculating the number of events and dividing it by the total num-
ber of abutments exposed presented as odds ratios. For each out-
come, the DerSimonian-Laird random effects models were used
to constructed pooled estimates across studies. For the analysis of
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survival of TBA after 1year of function, a correction factor of 0.5
was added in situations where the observed survival was 100%;
that is, zero failures were observed. The handling of adding the
correction factor of 0.5 was done according to the default settings
of the OpenMetaAnalyst software as implemented as defaults in
the metafor package (Wallace et al., 2012). The statistical hetero-
geneity among studies was assessed using the Q test based on
a chi-square test (Cochran, 1954) and reported along with the I
index (Higgins et al., 2003), which represents the percentage of
variation in the pooled estimate that was attributable to heteroge-
neity between the studies.

Marginal bone level loss was presented in millimetres: means +
standard deviations. Forest plots were created to illustrate the re-
sults of the meta-analysis across the different studies. Statistical sig-

nificance was defined as p-value <.05.

3 | RESULTS
3.1 | Inclusion and exclusion of articles and data
extraction

A flow diagram (Figure 2) reports the screening and selection
of studies. The electronic search identified 1159 papers in total
after all the duplicates were removed. Three hundred and one
full-text articles obtained for screening and independently. A final
29 articles were found to qualify for inclusion in the review. The
study designs of these articles were 15 prospective cohort stud-
ies (52%), eight retrospective (28%) and six RCT (21%; Table 2).
The excluded articles at time of data extraction are tabulated in
Table 3. Table 4 provides descriptive detail of the RCT studies and
Table 5 outlines the details of all the 29 eligible studies. The mean
and standard deviation of the follow-up period of 29 studies were
31.2+16.9 months with the minimum being 12 months and maxi-
mum 72 months.

A total of 857 TBAs were assessed. Implants most commonly
used per study were from the following manufacturers—Straumann
(n=11), Exacone (n=2) and Camlog (n=4). Other implant brand
(n=11) include; NucleOSS; Genesis; Biomet 3i; Biohorizons; Klock-
ner; Nobel Biocare; Xive;Virtonex; Duocone; MIS; and Thommen In-
ciell. Stage C prosthetic loading of the implants was reported in 24
studies. The implant loading protocol reported varied from Stage 1
to 4: stage 1 (n=4); stage 2 (h=1); stage 3 (n=3); stage 4 (h=12) not
reported (n=10).

3.2 | Quality assessment of the included studies

The quality assessment and selected risk of bias for RCTs studies
were classified according to the Cochrane classification of assessing
risk of bias summarized in Figure 3. There were four studies which
had a low risk of bias in all fields (Higgins et al., 2011). Two of the

six studies had some concerns in one or two fields. The unweighted
summary plot of RCTs is depicted in Figure 4.

Prospective and retrospective cohort studies were assessed uti-
lizing the Newcastle-Ottawa Scale (NOS). Most of the studies were
judged to have moderate methodological quality, NOS score 5, 6, 7
or 8 out of a total of 9 points. A maximum score of nine stars could
be assigned to the investigations that conformed to the nine criteria
as follows: (1) representativeness of exposed cohort, (2) selection of
non-exposed cohort, (3) ascertainment of exposure, (4) demonstra-
tion of outcome of interest not present at the start of study, (5-6)
comparability in use of abutment and endosseous implant, (7) as-
sessment of outcome, (8) follow-up longer than 12months and (9)
adequacy of follow-up (Table 6).

3.3 | Survival rates

The odds ratio of a TBA compared to other abutments was 0.74
with the 95% confidence interval ranging from 0.21 to 2.63 and p-
value .64. The I? heterogeneity was 0% and p-value=.99. The full
description of the meta-analysis is tabulated in Table 7 and illus-
trated in a forest plot (Figure 5). The estimate survival rate of a TBA
was 98.6% after 12 months of use; 95.0%Cl: 97.9%-99.4%; hetero-
geneity =0%, p=.99 (Figure 6 and Table 8).

3.4 | Biological outcomes

Radiographic data on MBL were reported in five of the six RCT
studies. All studies utilized an intraoral radiograph to evaluate peri-
implant MBLs. Data pooled from five studies found there was not
a significant difference between the TBA and other customizable
abutments (Mean difference: 0.095; 95% Cl: -0.07 to 0.261; hetero-
geneity: p=.26, [>=23.44%) (Figure 7 and Table 9). The customiz-
able abutments included were gold cast-to, preformed titanium and
zirconia abutments. Statistical analysis of the included studies did
not display a significant difference in MBL change between different
implant-abutment protocols. Other biological complications PDD
and BOP were commonly reported; however, there was not enough

consistency within the studies to allow for comparison (Table 10).

3.5 | Technical outcomes

The studies reviewed analysed a variety of TBA designs, the speci-
fications of each are outlined in Table 11. The TBA varied in at-
tachment height, width, material thickness, anti-rotation features,
transmucosal heights and cement space. Seventeen studies utilized
a zirconia; 14 studies utilized lithium disilicate; and single study uti-
lized PEEK, resin-modified hybrid ceramic and titanium as the restor-
ative material at the TBA. All of the studies utilized a resin cement to

adhere the titanium base abutment to zirconia or lithium disilicate.
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TABLE 5 Methodological characteristics of the studies included.
Patients at
follow up Survival of Implant
(patients restoration  Survival of placement/
at Number Follow-up Material cemented of TBA at implant at loading
Study baseline) of TBA (months) to TBA Cement 12months 12months (%) protocol
(Erhan Comlekoglu 16 (16) 8 24 Zirconia Self-curing resin 7/8 100 4/C
et al., 2018) cement
Rathe et al. (2022) 24 (24) 24 60 Titanium Dual cure resin 24/24 100 NR/C
cement
(Strauss et al., 2022) 22 (24) 22 60 Zirconia Dual cure resin 21/22 96 4/C
cement
Iglhaut et al. (2021) 20 (20) 20 43.2 Zirconia NR 20/20 100 NR/C
Linkevicius et al. (2018) (54) 55 54 12 LDS Resin cement 54/54 100 4C
Vazouras et al. (2022) 23 (25) 18 12 Zirconia Dual cure resin 16/18 96 NR/C
cement
Linkevicius et al. (2022) 29 (30) 29 12 Zirconia NR 29/29 98 NR/NR
Linkevicius et al. (2022) 26 (30) 30 12 Zirconia NR 26/26 100 NR/NR
Wolfart et al. (2021) (40) 41 28 24 LDS Self-curing resin 28/28 100 4C
cement
Gierthmuehlen 26 (27) 39 12 LDS Self-curing resin 39/39 100 NR/C
et al. (2020) cement
Gierthmuehlen 6 LDS Self-curing resin 6/6 100 NR/C
et al. (2020) cement
Krawiec et al. (2021) 40 (40) 40 12 LDS Self-curing resin 40/40 100 3B
cement
Chen and Pan (2019) 32(32) 32 72 Zirconia NR 32/32 100 2C
Bodereau et al. (2020) 10 (10) 10 42 Zirconia Self-adhesive 10/10 100 4C
resin cement
Derksen and 30(32) 45 36 Zirconia Self-curing resin 44/45 96 4C
Wismeijer (2022) cement
Mdihlemann et al. (2020) 59 (60) 38 12 Zirconia Self-curing resin 38/38 97 2C
cement
Joda, Ferrari, & 44 (44) 50 36 LDS Self-curing resin 50/50 100 NR/NR
Bragger (2017) cement
Lerner et al. (2020) 90 (90) 106 36 Zirconia Resin cement 101/105 99 NR/C
F. Mangano and 50 (50) 25 12 Zirconia NR 23/25 100 3C
Veronesi (2018)
Naumann et al. (2023) 10 (10) 10 36 LDS Resin cement 9/10 100 NR/C
Naumann et al. (2023) 10 (10) 10 36 LDS Resin cement 10/10 100 NR/C
Menchini-Fabris 54 (54) 54 36 LDS Self-adhesive 54/54 100 1C
et al. (2020) resin cement
Finelle et al. (2021) 17 (17) 17 24 LDS Resin cement 19/19 100 4C
De Angelis et al. (2020) 19 (19) 19 36 LDS Resin cement 19/19 100 4C
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Implant brand (type)

Camlog (conelog)

Camlog (conelog)

Straumann (bone
level, 6x NC, 18x
RC)

Straumann (BLT)
MIS

Keystone (genesis)

NucleOSS (Té
standard bone
level implant)

NucleOSS (Té
standard bone
level implant)

Camlog screw-line
promote plus

Nobel replace

Xive S Plus

Thommen
(Innicell®SPI
Element MC)

Biomet 3i Certain R

BioHorizons
(Tapered Internal
Laser-Lok)

Straumann (tissue-
level SP & TE)

Straumann (tissue-
level SP)

Straumann (tissue-
level SP)

Exacone

Exacone

Camlog (conelog)

Camlog (conelog)

Outlink

Straumann

Straumann

Ti-base type

Conelog Ti Base

Conelog Ti Base

Medentika

Variobase

Ti-Base

NS

Titanium base

Titanium base

Camlog (flat ti-base
Universal base
tri-channel
Dentsply Sirona ti-base
Dentsply Sirona ti-base
Dentsply Sirona ti-base
BioHorizons Ti Base
Abutment
Variobase RN
Variobase RN
Variobase RN/WN
Ti-base on top of friction

fit abutment

Ti-base on top of other
friction fit abutment

Conelog Ti Base

Conelog Ti Base

TL

Variobase

NR

Bone level (BL) /
tissue level (TL)

BL

BL

BL

BL

BL

BL

BL

BL

BL (0.4mm
machined)

BL

(details NS)

BL

BL

BL

BL

TL

TL

TL

NA

NA

BL

BL

External Hex

TL/BL

BL

Transmucosal
height
2mm

0.8mm

6x1mm
18x0.8mm

1.5mm

0.5mm

<Imm

0.7mm

2.4mm

0.3mm

1.5mm

NS

NS

NS

1mm

NA

NA

NA

NA

NA

2mm

2mm

NS

NS

NS

Attachment

height

4.7mm

4.7mm

3.5mm

3.5mm

4.0mm

NS

NS

NS

4.7mm

NS

NS

NS

NS

4mm

4mm

NS

4,0-4.5mm

4.0 & 6.0mm

4.0 & 6.0mm

4.7mm

4.7mm

NS

NS

NS

Connection

Conical
(7.5°)

Conical
(7.5°)

Conical (15°)

Conical (7°)

Conical
(12°)

Conical connection (° NS)

Conical (First part 20°, 15°)

Conical (First part 20°, 15°)

Butt-joint

Butt-joint

Butt-joint

Butt-joint

Butt-joint

45° internal hex

Synocta, 45° external
bevelled shoulder

Synocta 45° external
bevelled shoulder

Synocta 45° external
bevelled shoulder

Friction fit

Friction fit

Conical
(7.5°)

Conical
(7.5°)

External Hex

Conical (7°) / Synocta
45° external bevelled
shoulder

Conical (7°)
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Prostheses with
1 cement layer
(1) or 2 cement
layers (2)

1

(Continues)
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TABLE 5 (Continued)
Patients at
follow up Survival of Implant
(patients restoration  Survival of placement/
at Number Follow-up Material cemented of TBA at implant at loading
Study baseline) of TBA (months) to TBA Cement 12months  12months (%) protocol
De Angelis et al. (2020) 19 (19) 19 36 Zirconia Resin cement 19/19 100 4C
Trimpou et al. (2022) 21(21) 21 12 Zirconia Resin cement 21/21 100 1A
Lilet et al. (2022) 19 (20) 20 12 LDS NR 19/19 100 1C
Guncu et al. (2022) 118 (118) 192 32 Zirconia Self-curing resin 180/192 100 NR/NR
cement
Joda et al. (2018) 10 (10) 10 36 LDS NR 10/10 100 NR/NR
Salem et al. (2022) 30(30) 30 24 10 Zirconia, Self-curing resin 30/30 100 4C
10 Resin modified, cement
10 PEEK with
composite veneer
Strasding et al. (2023) 55 (60) 54 12 26 LDS Self-curing resin 54/54 98.3 4C+3C
28 Zirconia cement
Gehrke et al. (2023) 75 (75) 109 12 NR NR 108/109 100 1A+4C
Risk of bias FIGURE 3 Risk of bias assessment

according to the Cochrane Collaboration
recommendations (Higgins et al., 2003).

00000 e
000000
000000
0000060
of YYoX X

® ® ©

D1: Random sequence generation Judgement

D2: Allocation concealment

D3: Blinding of participants and personnel = Some Concerns
D4: Blinding of outcome assessment ' Low

D5: Incomplete outcome data
D6: Selective reporting
D7: Other sources of bias

Random sequence generation
Allocation concealment

Blinding of participants and personnel
Blinding of outcome assessment
Incomplete outcome data

Selective reporting

Other sources of bias

Overall

85U8017 SUOLILLIOD @A 118D 3] [dde au A peuienob ae e YO ‘8sn Jo sajnu oy AkeldaUl|UO /8|1 UO (SUONIPUOD-pUB-SWLBI W00 A8 | 1M ARe.q 1 jBul [UO//:SANY) SUORIPUOD pue swie | 8y &8s *[£20z/0T/LT] Uo Ariqiaulluo A8|IM ‘Jed aiuepex y ayds1ziBMUdS Aq 8ZTHT 1[/TTTT 0T/I0P/W0 48| imAfelq el uo//Sdny Woly pepeojumod ‘92s ‘€202 ‘T0S0009T

25% 50% 75% 100%

. No information . Critical . High D Some concerns . Low

% -
o~

0

FIGURE 4 Unweighted summary plot of randomized clinical trials McGuinness and Higgins (2020).
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Prostheses with
1 cement layer

Bone level (BL) / Transmucosal Attachment (1) or 2 cement
Implant brand (type) Ti-base type tissue level (TL) height height Connection layers (2)
Straumann Ti base Dentsply Sirona BL NS NS Conical (7°) 1
Camlog (progressive  NR BL NS NS Conical (7.5°) 2
line)
Straumann Variobase® BLX NS NS Conical (7°) 1
Straumann Variobase® BL NS 3.5mm+5.5mm Conical (7°) 1
Straumann Variobase® TL NA 4mm Synocta 45° external 1
bevelled shoulder
Virtonex Titanium base BL NA 4mm Conical (7°) 2
Straumann Variobase® BL NS NS Conical (7°) 1
DuoCone Titanium Base BL 1.5,2.5,3.5mm NR Morse Taper 1

The cementation protocol, whether the abutment was sandblasted
or primed, was not consistently reported.

Eight studies assessed aesthetic outcomes (Table 12). Three of
the 29 studies assessed the PES and WES scores together with the
mean +standard deviation been reported respectively (8.5+1.4 and
8.4+2.0) (Bodereau et al., 2020; Krawiec et al., 2021). Two studies
provided aesthetic outcomes utilizing PES only (Erhan Comlekoglu
et al., 2018; Vazouras et al., 2022). Lithium disilicate superstructure
prostheses maintained their colour over 12months, but became
duller and exhibited increased surface roughness (Gierthmuehlen
et al., 2020). Vazouras et al. did comment that a zirconia superstruc-
ture as second layer exposed less titanium and increased the aes-

thetic outcomes of the implant prosthesis (Vazouras et al., 2022).

4 | DISCUSSION

The current systematic review investigated the survival rates of TBA
with particular interest in biological complications, technical com-
plications and aesthetic considerations. The present systematic and
meta-analysis demonstrated a high survival rate after 12months.
The main technical problem leading to a remake of the restoration
was debonding to the TBA. A limited number of RCTs assessed all
the clinical outcomes; however, data were also extracted from pro-
spective and retrospective studies to perform a meta-analysis on
survival of TBA abutments and comparison to other abutments for
prostheses survival and MBL loss.

Previous analysis on the difference between titanium and zirco-
nia abutments under mechanical, biological and aesthetic aspects
has not been statistically significant (Halim et al., 2022). The previ-
ously reported high short-term survival rate of 97.6% for monolithic
and veneered single implant prosthesis (Pjetursson et al., 2021) was

affirmed by this present systematic review. There has been a paucity
of literature to support the clinical use of TBA and clinicians have
been utilizing them through clinical ‘experimentation’. This review is
the first to focus exclusively on clinical studies regarding the perfor-
mance of TBA in hope to clarify their use in clinical practice.

The concept of an early crestal bone remodelling response to es-
tablishing a biologic width or zone away from the implant-abutment
micro gap is a well-accepted concept in implant dentistry (Hermann
et al., 2001). Mattheos, Vergoullis, et al. (2021) recently revised the
interrelationship of this complex in the literature as the implant su-
pracrestal complex. This describes the anatomical complex of human
tissue, technical component and bacteria extending through the
transmucosal part of the implant prosthesis, and possible interrela-
tionship between biological and technical complications (Mattheos,
Vergoullis, et al., 2021). A consistent and reproducible connection
of the implant-abutment to the endosseous implant reduced micro-
movement of the implant prosthesis and can lead to fewer biologic
complications (Hamilton et al., 2013). A high incidence of BOP and
PPD was reported in one of the included studies using non-genuine
componentry as the genuine abutments were not available at the be-
ginning of their study. The authors compared their abutments to the
genuine TBA and noted an increased diameter and reduced height.
This led to a design with a close vertical and horizontal distance
between the restoration and the marginal bone around the two-
piece implants including a cement gap, which was deemed respon-
sible for a biologic reaction with increased bone remodelling (Stucki
et al., 2021). The accuracy of fit of the crown restoration to the TBA
is paramount in ensuring a minimal cement gap exists in the transmu-
cosal portion. Pitta et al. analysed the bending movements between
TBA and CAD/CAM customized abutments and found that the ulti-
mate fracture point in both groups was through the abutment screw,
but such high forces are unlikely to occur clinically (Pitta et al., 2021).
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TABLE 7 Comparison of abutment survival for TBA and other abutments survival after 1year of function.

Other abutment
TBA survival survival Odd ratio (OR) Heterogeneity

Study Events Total Events Total OR 95% ClI p-value I (%) p-value
Overall 136 141 126 128 0.74 0.21 2.63 .64 0 .99
Muhlemann et al. (2020) 38 38 36 36 1.06 0.02 54.56

Erhan Comlekoglu et al. (2018) 7 8 8 8 0.29 0.01 8.37

Mangano and Veronesi (2018) 23 25 23 25 1.00 0.13 7.18

Vazouras et al. (2022) 16 18 7 7 0.44 0.02 10.34

Wolfart et al. (2021) 28 28 28 28 1.00 0.02 52.15

Rathe et al. (2022) 24 24 24 24 1.00 0.02 52.44

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl

Miihlemann et al., 2020 .055 (0.020, 54.562) 38/38 36/36

Erhan Comlekolu et al., 2016 294 (0.010, 8.365) 7/8 8/8
Mangano et al., 2018 .000 (0.130, 7.717) 23/25 23/25
Vazouras et al., 2022 .440 (0.019, 10.336) 16/18 /1

Wolfart et al., 2021
Rathe et al., 2022

.000 (0.019, 52.152) 28/28 28/28
.000 (0.019, 52.443) 24/24 24/24

== O = O

Overall (1*2=0 % , P=0.990) 0.739 (0.208, 2.627) 136/141 126/128

[ T T T ; T T T 1
0.05 01 025 05 074 1 25 5 8
Odds Ratio (log scale)

FIGURE 5 Forest plot meta-analysis of titanium base abutments survival compared to other abutments.

Studies Estimate (95% C.I.) Ev/Trt
Muhlemann et al. 2020 0.987 (0.952, 1.000) 38/38 —'—
Erhan Comlekolu et al 2018 0.875 (0.646, 1.000) 7/8 g
Mangano et al. 2018 0.920 (0.814, 1.000) 23/25 -
Vazouras et al. 2022 0.889 (0.744, 1.000) 16/18 .
Rathe et al. 2022 0.980 (0.925, 1.000) 24/24 4.5—
Naumann et al. 2023 0.950 (0.854, 1.000) 19/20 =
Derksen et al. 2021 0.978 (0.935, 1.000) 44/45 —l—f—
Wolfart et al. 2021 0.983 (0.935, 1.000) 28/28 4I—
Iglhaut et al 2021 0.976 (0.911, 1.000) 20/20 —_——
Linkevicius et al. 2018 0.991 (0.966, 1.000) 54/54 —.—
Strauss et al. 2022 0.955 (0.868, 1.000) 21/22 »
Menchini et al. 2020 0.991 (0.966, 1.000) 54/54 —1:.—
Linkevicious et al. 2022 0.991 (0.966, 1.000) 55/55 —I—
Finelle et al. 2019 0.972 (0.896, 1.000) 17/17 -
De Angelis et al. 2019 0.987 (0.952, 1.000) 38/38 R
Trimpou et al. 2022 0.977 (0.915, 1.000) 21/21 S R
Lilet et al. 2022 0.975 (0.907, 1.000) 19/19 R T
Guncu et al. 2022 0.989 (0.974, 1.000) 180/182 —.—
Joda et al. 2018 0.955 (0.831, 1.000) 10/10 - :
Salem et al. 2022 0.984 (0.940, 1.000) 30/30 D I
Strasding et al. 2023 0.991 (0.966, 1.000) 54/54 —I—
Gehrke et al. 2023 0.987 (0.961, 1.000) 74/75
Overall (1*2=0 % , P=0.999) 0.986 (0.979, 0.994) 846/857 <:>

I T T T T T T : 1

0.65 07 0.75 0.8 0.85 0.9 0.95 1

Proportion

FIGURE 6 Forest plot meta-analysis of titanium base abutments abutment survival.
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TABLE 8 Titanium base abutments (TBA) survival after 1year of function.

TBA survival Heterogeneity

Study Events Total Estimate 95% Cl p-value 1% (%) p-value
Overall 846 857 0.99 0.98 0.99 <.01 0 99
Miihlemann et al. (2020) 38 38 0.99 0.83 1.00

Erhan Comlekoglu et al. (2018) 7 8 0.88 0.46 0.98

Mangano and Veronesi (2018) 23 25 0.92 0.73 0.98

Vazouras et al. (2022) 16 18 0.89 0.65 0.97

Rathe et al. (2022) 24 24 0.98 0.75 1.00

Naumann et al. (2023) 19 20 0.95 0.72 0.99

Derksen and Wismeijer (2022) 44 45 0.98 0.86 1.00

Wolfart et al. (2021) 28 28 0.98 0.78 1.00

Iglhaut et al. (2021) 20 20 0.98 0.71 1.00

Linkevicius et al. (2018) 54 54 0.99 0.87 1.00

Strauss et al. (2022) 21 22 0.95 0.74 0.99

Menchini-Fabris et al. (2020) 54 54 0.99 0.87 1.00

Linkevicius et al. (2022) 55 55 0.99 0.87 1.00

Finelle et al. (2021) 17 17 0.97 0.68 1.00

De Angelis et al. (2020) 38 38 0.99 0.83 1.00

Trimpou et al. (2022) 21 21 0.98 0.72 1.00

Lilet et al. (2022) 19 19 0.98 0.70 1.00

Guncu et al. (2022) 180 182 0.99 0.96 1.00

Joda et al. (2018) 10 10 0.96 0.83 1.01

Salem et al. (2022) 30 30 0.98 0.94 1.02

Strasding et al. (2023) 54 54 0.99 0.97 1.01

Gehrke et al. (2023) 74 75 0.99 0.96 1.01
Studies Estimate (95% C.I.)

Erhan Cémlekolu et al. 2016 0.060 (-0.013, 0.133) ]

Mangano et al. 2018 0.150 (-0.019, 0.319) ]

Rathe et al. 2022 0.020 (-0.066, 0.106) LB

Miihlemann et al. 2020 0.030 (-0.187, 0.247) ﬁ
Wolfart et al. 2019 0.060 (-0.169, 0.049) L ‘
Overall (1*2=23.44 % , P=0.265) 0.031 (-0.025, 0.088) {ﬁ}

I 1 T T 1
0.1 0 01 02 03

FIGURE 7 Forest plot meta-analysis of marginal bone level.

Manufacturers of TBA can standardize the cement gap within their
prescribed digital library, while allowing for adequate ventilation of
cement. The age of the milling tools (Payaminia et al., 2021); CAD
milling strategies (Zimmermann et al., 2018); and surface treatment
protocol (Arce et al., 2018) are factors that can influence the accuracy
of the internal fitting surface of the implant prosthesis. Industrializa-
tion of the process standardizes these parameters, unlike traditional
manual processes where the dental technician can easily influence
the intimacy of fit. Selecting and implementing validated workflows
to produce such restorations with proprietary manufacturing files

Mean Difference

is essential. Crown separation from the TBA was observed as the
major complication and was categorized as a failure in this review, as
the implant prosthesis was required to be remade. Due to the incon-
sistent follow-up periods reported on TBA, the results were taken
after 12months in function and 10 TBAs were reported to have a loss
of retention. This result seems to be similar to the reported 1.97%
annual complication rate of loss of retention in a similar systematic
review (Pjetursson et al., 2021).

Cemented crowns have a higher risk for peri-implant diseases
compared to screw-retained restoration because excess cement
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is not accessible and cement penetrates in submucosal regions
particularly with soft tissue healing periods shorter than 4 weeks
(Staubli et al., 2017). When crown margins are located more than
1-2mm submucosally the complete removal of cement remnant
is unlikely (de Brand&o et al., 2013; C. Lemos et al., 2016; Staubli
et al., 2017). Titanium base abutments within the selected studies
reported transmucosal heights ranging from 0.3 to 2.4mm with
a highly polished interface cement gap of 50-100 um (Mattheos,
Janda, et al., 2021). The location of the flat shoulder being near the
implant-abutment interface has raised the concern that adhesive
resin cement around TBA is associated with an increased risk of
breakdown, biofilm formation and subsequent biological compli-
cations (Heitz-Mayfield & Salvi, 2018; Nissan et al., 2006, 2011).
The differing transmucosal heights allow for clinicians and dental
technicians to shift the location of the cement gap distanced from
the implant-abutment interface (Linkevicius et al., 2018). Linkevi-
cius et al. assessed the difference between different transmucosal
heights of TBA short (0.7 mm) versus high (2.4 mm), and reported
positive changes in MBL of +0.13mm and +0.37 mm for the short
and high abutments, respectively, from the time of placement to 1-
year follow-up. Due to the lack in statistical difference, the authors
concluded that the height of the transmucosal segment of the TBA
may not affect biological outcomes (Linkevicius et al., 2022). Geh-
rke et al. also assessed TBA with differing transmucosal heights
(1.5mm, 2.5mm and 3.5mm). Radiographic MBL was assessed
on the mesial and distal and the authors reported less MBL loss
when transmucosal abutment heights of 2.5mm were utilized.
The authors also investigated different abutment diameters, 3.5
and 4.5 mm, but without significantly different outcomes (Gehrke
et al., 2023). The surface topography of the transmucosal segment
of the implant prosthesis has not shown to be significant in af-
fecting the TBA outcome (Rompen et al., 2006). In vitro studies
on cement surfaces demonstrated that the cement gap should be
smooth and an oxygen inhibition layer removed to increase cell
viability of human gingival fibroblasts (Rohr et al., 2022; Rohr

Titanium base abutments classified as CAD/CAM stock abut-
ments offer the opportunity to select the height of the transmuco-
sal segment so that the abutment shoulder with the corresponding
restoration and cement margin is distant from the marginal bone,
while allowing an emergence profile that facilitates an aesthetic
outcome and cleanability. Above the abutment shoulder, the se-
lected restorative material, such as zirconia, lithium disilicate or
polymer-infiltrated ceramics, can be customized based on the
desired clinical emergence profile (de Melo Moreno et al., 2022).
When comparing differing materials around the emergence pro-
file of an implant-abutment prosthesis complex, zirconia has re-
duced plaque retention and demonstrates a better quality of soft
tissue attachment when used as an abutment material (Enkling
et al., 2022). This may play a role in the reduction of soft tissue
inflammation and bleeding on probing values when compared to

titanium over-time (Sanz-Sanchez et al., 2018). Individualization of
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sulcus contours is a highly desirable and TBA have the benefits
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TABLE 10 Biological outcomes.

Implant survival rates
Study at 12months (%)

Erhan Comlekoglu et al. (2018) 100

Tomas Linkevicius et al. (2022) 98.3

Derksen and Wismeijer (2022) 97.8

Mihlemann et al. (2020) 97.4
Wolfart et al. (2021) 100
Rathe et al. (2022) 100

Mangano and Veronesi (2018) 100

Bodereau et al. (2020) 100
Chen and Pan (2019) 100
Diéguez-Pereira et al. (2020) 100
Gierthmuehlen et al. (2020) 100
Iglhaut et al. (2021) 100
Joda, Ferrari, and 100
Bragger (2017)
Krawiec et al. (2021) 100
Lerner et al. (2020) 100
T. Linkevicius et al. (2018) 100
Meijndert et al. (2021) 96.7
Strauss et al. (2022) 91.7
Naumann et al. (2023) 100
Vazouras et al. (2022) 90.9
Menchini-Fabris et al. (2020) 100
Finelle et al. (2021) 100
Joda et al. (2018) 100
Salem et al. (2022) 100
Strasding et al. (2023) 98.3
Gehrke et al. (2023) 100

Abbreviations: BOP, bleeding on probing; c, control; Gl, Gingival Index; MBL, marginal bone loss; NR, not reported.; Pl, Plague Index; PPD, pocket

probing depth; t, test.

Biological outcomes

MBL after 24 months was greater in t group than c

PPD and BOP insignificant differences between the groups

MBL short TBA 0.6 mm, high TBA 0.45mm

PPD and BOP insignificant differences between groups

BOP, PPD, MBL not commented on

MBL, BOP, PPD No significant differences between the groups were detected

Gl and MBL (loss between 0.03 and 0.15mm) no significant differences between groups

Pl: TBA (96.6%) and cemented (64.3%) at 12months

At 12months, BOP screw retained 14.2% and cement retained 17.9%

Cement detected on radiograph at baseline in cemented group (6.9%)

MBL, BOP no significant differences between the groups

PPD c group showed significant deepening than t group

BOP c group 8% t group 4%

MBL c group 0.54+0.32mmt group 0.39 +0.29 mm not statistically significant

BOP, PPD, MBL not commented on

No BOP or suppuration

MBL 31 implants had low amounts of bone loss, 1 implant lost 2.1 mm

BOP, PPD, MBL not commented on

No BOP, PPD and MBL not commented on

No Significant difference between groups

PPD TBA group 3.45+0.57mm c group 3.50+0.95mm

BOP TBA group 30.8% c group 26.7%

PPD 3.5+0.6mm

BOP 19.5+1.9%

P120.6 +2.2%

MBL 2.0+£0.0mm

MBL 0.19 +0.29 mm (thin biotype) 0.24 +0.24 mm (thick biotype)

PPD 2.17 +0.53 mm (thin biotype) 2.04 +0.37 mm (thick biotype)

BOP 1.9%

MBL 1.25+0.80mm (thin biotype) 0.98 +0.42 mm (medium biotype) 0.43 +0.37 mm(thick
biotype)

MBL 0.07+0.12mm

No significant differences in bleeding index or Gl

MBL 0.32+0.36 mm

PPD 3.3+0.08 mm

BOP 31.1+26.4%

MBL, PPD, BOP no individually commented on

Peri-implant soft tissue thickness

NR

Gingival recession 0.53+0.35mm

MBL 0.79+£0.51mm

No biological outcomes

PI, PPD and BOP recorded but unable to distinguish test and control groups.

Pl, BOP PPD, MDL assessed and given a score

No biological complications

BOP: 0.27 +0.30%

PI10.17+£0.2%

PPD 3.6 +0.8mm.

MBL comparing abutment diameter

3.5mm -0.57 +0.53 mm (mesial) and-0.66 +0.53 (distal)
4.5mm -0.78 +0.75mm (mesial) and - 0.75 +0.76 (distal)
MBL comparing transmucosal abutment height

1.5mm -1.13 +0.39 mm (mesial) and - 1.15 + 0.4 3 (distal)
2.5mm -0.62+0.61 mm (mesial) and -0.66 +0.60 (distal)
3.5mm -0.25+0.64mm (mesial) and -0.26 +0.65 (distal)
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TABLE 11 Technical outcomes.

Study
Wolfart et al. (2021)

Erhan Comlekoglu
et al. (2018)

Derksen and
Wismeijer (2022)

Tomas Linkevicius
et al. (2022)

Muihlemann et al. (2020)

Mangano and
Veronesi (2018)

Chen and Pan (2019)

Gierthmuehlen et al. (2020)

Joda, Ferrari, &
Bragger (2017)

Lerner et al. (2020)

Strauss et al. (2022)

Naumann et al. (2023)
Vazouras et al. (2022)
Joda et al. (2018)
Salem et al. (2022)

Strasding et al. (2023)
Gehrke et al. (2023)

Criteria

NA

NA

NA

USPHS

USPHS

NA

NA

USPHS

FIPS

NA

USPHS

FIPS
NA

FIPS
FIPS

USPHS
NA

Abutment fracture

No

No

No

No

Yes (Not reported
which group)

No

No

Yes (1 incidence)

Screw loosening

Yes 1 TBA restoration
(3%)

No

2 TBA abutment (4.9%)

No

Yes (Not reported
which group)

No

No

Yes (1 incidence)

No

Abbreviations: NA, not applicable; t, test; TBA, titanium base abutments.

of a CAD/CAM customized abutment. While this may suit some
clinical situations, in more aesthetic regions of the mouth, the
clinician needs the ability to customize the emergence profile to
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Prosthesis complication

No chipping or restoration fail

Similar rate of loss of contact points between groups

Both groups, TBA cemented extra orally and TBA
cemented intra orally, lost proximal contact points
18%

Both groups, TBA cemented extra orally and TBA
cemented intra orally, lost occlusal contacts 32%

Two temporary crowns decemented from TBA: group t

1 screw loosening, 1 debonding from TBA

None reported

4 minor veneering chipping in c group.

Technical complication rate of 11.1% (includes
incidences of chipping of veneering ceramic,
fracture of crown, fracture of abutment, fracture of
abutment screw, loosing of abutment screw, loss of
occlusal filling and debonding from abutment)

Proximal contact point, 3 crowns lost in t group and 1
crown in the c group

Occlusal contact point, 4 crowns in t group and 6 in ¢
group

Occlusal wear; more in c group than t.

Veneering chipping in 1 TBA
No technical complications in ¢ group

Veneering porcelain chipping 6.2%
Crown debonding 9.3%

No chipping, cracks, fractures, debondings or marginal

deterioration
Surface roughness 9 crowns 20.5%

No technical complications

Loss of connection between hybrid abutment and
fixture 1.8%

Crown decemented from two-piece abutment 0.9%

Marginal adaptation, interproximal contact points and
occlusal contacts scored from 1 to 5

Marginal adaptation 4.41+0.7

Interproximal Contacts 4.46+0.6

Occlusal Contact 3.89 +0.8

3 cases of minor veneering chipping, 1 major veneering
chipping (replacement of restoration) 1 abutment
loosening

1 debonding of TBA
Zirconia abutment fracture cemented to TBA (2 cases)
FIPS 8.0+0.8, no technical complications

1 resin matrix crown debonding from intermediate
coping, 1 PEEK/composite minor chipping

3 patients minor chipping LDS restorations

1 abutment fracture

match the individual clinical situation. Aesthetic success is the
goal of restoratively driven treatment planning for dental implant
therapy. When achieved, it contributes to higher patient-reported
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TABLE 12 Aesthetic outcomes.

Aesthetic outcomes

No difference between groups

Mean+SD: c: 9.25+0.93t: 9.94+1.12

PFM (c) group colour matched significantly inferior to Zirconia TBA (t) group
PES: TBA 10.88 +0.88; grey titanium 9.68+1.41; pink 10.12+1.13

AE: TBA 6.46 +1.43; grey titanium 11.25+2.98; pink 9.90+2.51

Colour match and colour retention were better in TBA group than cemented
Mean+SD: WES 7+1.5,PES7.5+0.8
Thick biotype PES: 9.56 0+.53 WES: 9.89 +0.33

Thin biotype PES: 9.48+0.70 WES: 9.7 +0.54

Study Indices
Erhan Comlekoglu et al. (2018) PES
Mihlemann et al. (2020) NA
Vazouras et al. (2022) PES, AE
Wolfart et al. (2021) NA
Bodereau et al. (2020) PES, WES
Krawiec et al. (2021) PES, WES
Lerner et al. (2020) NA
Meijndert et al. (2021) PES, WES

Abbreviations: c, control; NA, not applicable; SD, standard deviation; t, test.

outcomes (Vazouras et al., 2022). The ability for clinicians to highly
customize the emergence profile to suit the individual clinical situ-
ation is essential. The general consensus within the included stud-
ies state that regardless of soft tissue thickness, TBAs provide
similar aesthetic outcomes to full zirconia abutments (Asgeirsson
et al., 2019; Chen & Pan, 2019; Erhan Comlekoglu et al., 2018;
Mangano & Veronesi, 2018).

One of the limitations of the current review is the minimal amount
of information available with short 1-year follow-up periods on the
clinical outcomes of TBA when compared to other abutments. The
recent literature has not kept pace with the rapid expansion and de-
velopment of different types of ‘genuine’ company TBAs. There has
also been a rapid proliferation of ‘non-genuine’ alternatives of TBAs
for clinical use with varying geometries; different transmucosal
heights and retentive features. The author recognizes that there is a
bias in collating many variable abutments, confounded with a short
follow-up period. More research is required to assess different ge-
ometry designs, cementation protocols for the dental technician and
varied tolerances of TBA fit to their survival rates. A further compar-
ison between TBA and the anatomical customized abutments should
be further completed to ascertain which clinical scenarios the abut-

ment is indicated when more clinical data become available.

5 | CONCLUSION

Based on the findings of this systematic review, single implant pros-
theses restored with a TBA have high short-term survival rates. Simi-
lar early survival rates and marginal bone level changes are shown
when TBA are compared to other abutments. However, limited data
are available to guide the clinician on the tolerance of fit to a TBA
and the implications of variable TBA geometry have on survival.
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