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1. Introduction

Replacing severely compromised or missing teeth with dental 
implants to restore function and aesthetics represents a successful 
therapy with a high long-term success rate[1]. However, different 
technical, mechanical, or biological complications may occur, com-
promising the implant’s success[2]. Some of these failures can be 
observed in a short duration; however, most take place after years of 
function[3]. Among them, peri-implant infection is considered one 
of the most important causes of failure[4,5]. The establishment and 
maintenance of healthy peri-implant soft tissue are considered key 
factors for the long-term success of dental implants[6].

The intimate contact between the peri-implant mucosa and 

dental implant abutment makes the soft tissue seal around dental 
implants. This seal is crucial to protect soft and hard tissue from bac-
terial contamination and prevent the development of peri-implant 
disease, which may lead to bone loss and affect dental implant 
survival or success[7].

The adhesion, colonization, and proliferation of bacteria on 
dental implant abutments largely depend on surface properties, like 
surface free energy, roughness, and compatibility[8–13].

Strategies to reduce microbial adhesion and biofilm formation 
on implant abutment surfaces and the consequent risk of peri-
implant disease have been introduced. These include the use of 
titanium abutments with a modified surface, cleaning methods of 
the abutments before their use, and the use of different abutment 
materials[14–20].

Historically, titanium abutments have been the gold standard 
and are still widely used. Titanium abutments are biocompatible and 
have optimal mechanical resistance[21], a very high survival rate, and 
few mechanical complications[22].

J Prosthodont Res. 2023; **(**): ****–****

Abstract
Purpose: This systematic review aimed to evaluate the effect of the abutment material on peri-implant soft tissue health 
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One of the major drawbacks of titanium abutments is their dark 
grayish color, which could hamper the aesthetic outcome, especially 
in patients with a thin gingival phenotype and in aesthetic areas[23].

For these reasons, other materials have been proposed to create 
dental abutments. These include alumina, gold-hued titanium, and 
zirconia. Alumina abutments are characterized by good biocompat-
ibility and aesthetics; however, some studies have reported a lower 
resistance with a risk of fracture during clinical use[24]. Gold alloys re-
sult in better aesthetic outcomes than titanium abutments; however, 
they are not comparable with ceramics and have higher costs[25].

Over the past few years, zirconia abutments have become more 
popular because they seem to combine high mechanical strength 
and biocompatibility with good aesthetic properties due to their 
white color[26,27]. Additionally, experimental in vitro and in vivo 
studies have shown similar biological features compared to titanium 
abutments in microbial adhesion and soft tissue integration[28–30].

In light of the considerable number of different implant abut-
ments available nowadays, this systematic review aimed to examine 
the clinical outcomes of abutments made of different materials. Spe-
cifically, the aim was to evaluate the effect of the abutment material 
on peri-implant hard and soft tissue health and stability.

2. Methods

This review was reported following the PRISMA guidelines 
(http://www.prisma-statement.org/). The review protocol was regis-
tered with PROSPERO (submission CRD42021234431).

The proposed focused question was: What is the effect of the 
abutment material on soft tissue health and stability?

The focused questions were elaborated following the PICOT 
format[31] (Stone, 2002), where:

Population: Healthy patients with abutments connected to 
dental implants.

Intervention: Any abutment material other than titanium.

Comparison: Titanium abutments.

Outcomes: Main outcome: Marginal bone loss (MBL). Secondary 
outcomes: peri-implant tissue indexes, i.e., plaque index (PI), bleed-
ing on probing (BOP) and/or probing depth (PD), and recession (REC).

Time: At least 6 months of follow-up after abutment connection.

2.1. Eligibility criteria

Randomized controlled trials (RCTs) and controlled clinical trials 
(CCTs) investigating abutments made with different materials were 
included. We considered parallel and split-mouth designs. Only 
studies in which titanium abutments were used in the control groups 
were considered. Only studies with data on bone loss and periodon-
tal parameters that included a 6-month follow-up after abutment 
connection were considered. Case reports, animal studies, and in 
vitro studies were excluded.

2.2. Search strategy

A literature search was carried out using electronic databases 
(MEDLINE (PubMed), Cochrane Central Register of Controlled Trials, 
and Scopus). A PubMed search was created and adapted for each da-
tabase: (“dental implants”[MeSH Terms] OR (“dental”[All Fields] AND 
“implants”[All Fields]) OR “dental implants”[All Fields] OR (“dental”[All 
Fields] AND “implant”[All Fields]) OR “dental implant”[All Fields]) AND 
(“abutment”[All Fields] OR “abutment s”[All Fields] OR “abutments”[All 
Fields]) AND (“titanium”[MeSH Terms] OR “titanium”[All Fields] OR 
“titaniums”[All Fields]) AND (“zirconia”[All Fields] OR “zirconias”[All 
Fields] OR “zirconium oxide”[Supplementary Concept] OR “zirconium 
oxide”[All Fields] OR “zirconia”[All Fields] OR “gold”[All Fields] OR 
“PEEK”[All Fields]).

The last electronic search was conducted in February 2022. 
A hand search was performed in the following journals: Journal of 
Prosthetic Dentistry, International Journal of Prosthodontics, Clinical 
Implant Dentistry and Related Research, Clinical Oral Implants Re-
search, Clinical Oral Investigations, International (ex-European) Jour-
nal of Oral Implantology, Implant Dentistry, International Journal of 
Oral and Maxillofacial Implants, International Journal of Periodontics 
and Restorative Dentistry, The reference lists of all identified studies 
and relevant systematic reviews were checked for additional stud-
ies. No language restriction was placed. Furthermore, we searched 
for grey literature, including conference abstracts, proceedings, 
and theses, on the following databases: www.greylit.org and www.
opengrey.eu.

2.3. Study selection

Two authors (PP and EDG) screened the titles and abstracts of the 
selected articles to identify all studies meeting the inclusion criteria. 
Cohen’s Kappa statistics were used to assess the agreement between 
examiners. When the abstract was unavailable or insufficient to allow 
unequivocal evaluation, the full text was obtained. Disagreements 
were resolved by discussion or by consulting a third reviewer (MDF). 
The full text of all the eligible articles was downloaded. The reasons 
for full-text exclusion were noted.

2.4. Data collection

We used an Excel data sheet (Microsoft Corp.) to collect data. 
Two authors (PP and EDG) extracted the data. The variables extracted 
were study design, country, sponsor, abutment material, coverage 
employed, age, smoking status of included patients, mean bone loss, 
probing depth (PD), bleeding on probing, plaque index, recession, 
complications, and abutment survival.

2.5. Risk of bias in assessment

Two co-authors (KS and PP) independently assessed the ar-
ticles for different rating domains of bias. The risk of bias for RCTs 
was assessed according to the Cochrane Handbook for Systematic 
Reviews of Interventions (Higgins 2017). Differences in opinion and 
disagreements were resolved by discussing with another co-author 
(MDF). The rating of bias was defined for each domain as high, low, 
or unclear. Each potential source of bias was classified as high (causes 
serious weakness of confidence in results), low (unlikely to seriously 
alter the results), or unclear (raises some doubt about the results). The 
risk of bias judgments across different trials for each of the domains 
listed was summarized and evaluated across these domains: random, 
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sequence generation, allocation concealment, blinding of outcome 
assessment, incomplete outcome data, selective outcome reporting, 
and other biases. The risk of bias in non-RCTs was assessed by the 
ROBINS-I tool.

2.6. Data analysis

Because the outcomes investigated in this study could be 
influenced by various factors, including the position or site of the 
abutment, the surgical technique (e.g., flap or flapless), implant type, 
surface roughness, soft tissue phenotype, oral hygiene, prosthesis 
material and design, a random-effects model based on DerSimonian 
and Laird was considered appropriate to account for this variability. 
The analysis was performed using pairwise and network meta-analy-
sis to obtain estimates for primary outcomes. The extent of the effect 
was expressed as a mean difference (MD) along with 95% confidence 
intervals (CIs). We planned to estimate the heterogeneity using Co-
chran’s test, considering a significance threshold of P < 0.01 and using 
I2 statistics (describes the total percentage of variation across studies 
due to heterogeneity rather than chance). Significant heterogeneity 
was considered when the value of I2 was >50%. The software RevMan 
(Review Manager Version 5.4, 2020; The Nordic Cochrane Center; The 
Cochrane Collaboration) was used for pairwise meta-analysis com-
putations. In case of differences between follow-ups, materials used, 
and outcome measures, we planned to explore these with subgroup 
analysis (provided there is sufficient data, recognizing the difficulty 
of assessing heterogeneity with a small number of studies)[32,33]. 
The generic inverse variance method was applied using RevMan by 
combining RCTs and CCTs. A meta-analysis was performed when 
at least three studies with similar comparisons reporting the same 
outcome measures were found.

The results of the main outcome from RCTs and CCTs were com-
pared by subgroup analysis to investigate if the study design had an 
effect.

When feasible, missing standard deviations were estimated 
using the methods described in section 7.7.3 of the Cochrane Hand-
book for Systematic Reviews of Interventions, Version 5.1.0 (Higgins 
2011).

2.7. Network meta-analysis

Direct and indirect evidences from RCTs and CCTs were com-
bined to determine the most effective and best performance among 
multiple abutments. This was achieved using network geometry plots 
and predictive interval plots. The network geometry plot was used to 
illustrate the network of interventions using multiple abutments (Ti, 
Al2O3, Au, and Zr). The nodes represent the competing treatments, 
and the edges represent the available direct comparisons between 
pairs of treatments. The predictive interval plot (Prl) and confidence 
interval plot (Crl) were evaluated. The predictive interval depicts 
where the estimate of a future study is expected to lie and indicates 
the most likely material to perform best in future clinical studies. The 
risk of bias among the abutment materials was estimated and rated 
as low risk, high risk, and unclear bias. The results of all direct and 
mixed comparisons were presented in forest plots. The latter were 
augmented with contours of effect magnitude based on multiples of 
the mean standard deviation of the included outcome (10%): 0–10%, 
clinically irrelevant effect; 10–20%, moderate effect; 20–30%, large 
effect; and >30%, very large effect. The surface under the cumulative 
ranking curves (SUCRA) was used to estimate the relative ranking of 

treatments using probabilities. The larger the SUCRA value, the bet-
ter the rank of the treatment. Furthermore, multidimensional rank-
ing (MDS rank) was used to rank the competing treatments based on 
the similarities and dissimilarities between any two treatments. MDS 
consists of multivariate techniques for analyzing proximity data and 
synthesizing the results on a 2-axis plot. It provides some insights 
into the differences in effect sizes among treatments, also account-
ing for the inconsistency in the network of interventions. The MDS 
rank graph would have a “0” value in the center, the left side would 
have negative values (less favorable outcome), and the right side 
would have positive values (more favorable outcome). All analyses 
were performed using Stata version 16 (StataCorp, College Station) 
by one author (SK), with the commands xtgee, metan, mvmeta, net-
work, and the routines from Chaimani et al.[34]. A two-tailed P-value 
of 0.05 was considered significant for hypothesis testing.

The number of studies selected for network meta-analysis was 
based on the different abutment materials used in each group. In-
formation regarding the MD, SD, type of treatment, and the number 
of participants was extracted from clinical studies. Network meta-
analysis was performed for each outcome, and in situations where 
only one study was identified for a given comparison and the same 
category of abutment material was used in both the control and 
test groups, the study was excluded from the analysis because there 
would be a network (geometry) disconnection and no further analy-
sis would be possible. The reason for the exclusion of such studies 
was “data not comparable to other studies.”

3. Results

3.1. Study selection

The flowchart of the selection process is presented in Figure 1. 
The search strategy identified a total of 1,437 studies. After screening 

Fig. 1. Flowchart of the selection process
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based on title and abstract, 47 studies were identified as eligible.

After full-text evaluation, 29 studies were excluded and are 
reported in Table S1. The kappa value for the inter-reviewer agree-
ment was 0.91, indicating a very good agreement. Eighteen articles 
were included[35–52], and the main characteristics are described in 
Table 1.

Nine studies were sponsored. Overall, 612 patients were treated, 
and 848 abutments were inserted. The follow-up duration ranged 
between 6 months and 7 years. A total of 343 titanium abutments 
were used as controls. Five studies did not report any information 
on complications at the prosthesis or abutment level. No control 
abutments failed; seven zirconia abutments failed in the test group.

3.2. Risk of bias

The risk of bias graph among the included studies is presented 
in Figure S1. Nine studies were assessed based on the Cochrane tool 
for assessing the risk of bias (Figs. S1a and b). We assessed eight 
studies (nine articles) based on the ROBINS tool for non-RCT studies 
(Fig. S1c). Four studies[37,40,44,45] were rated as low-risk of bias. All 
non-RCTs were rated as low risk of bias. Two studies[41,42] reported 
on different aspects and follow-ups of the same study.

3.3. Mean Bone Resorption (pairwise meta-analysis)

Based on nine studies[37–40,42,45,49–51], there was a sig-
nificant reduction in bone resorption in groups using zirconia abut-
ments than in those using titanium (0.20 mm; 95% CI [0.14–0.26], P < 
0.00001) (Fig. S2a). There was moderate heterogeneity among stud-
ies (P = 0.003). Subgroup analysis showed no difference in outcomes 
between RCTs and non-RCTs studies (P = 0.97), indicating that the 
study design did not affect bone resorption (Fig. S2b).

3.4. Probing depth (pairwise meta-analysis)

The analysis of the PD was divided into three categories (1 year, 
3 years, 5–7 years) according to the follow-up time. After 1 year of 
follow-up, based on four studies[37,40,42,51], there was no significant 
difference in PD between zirconia and titanium abutments (0.08 mm; 
95% CI [-0.23–0.40], P = 0.61) with a reduced heterogeneity (Fig. 2a).

At the 3-year follow-up, based on two studies[42,51], there was 
no significant difference between abutments (0.28 mm; 95% CI 
[-0.20–0.76], P = 0.25) with reduced heterogeneity (Fig. 2b).

At the 5–7-year follow-up, based on three studies[43,48,51], 
there was no significant difference between abutments (0.11 mm; 
95% CI [-0.08–0.31], P = 0.25) with reduced heterogeneity (Fig. 2c).

3.5. Plaque Index (pairwise meta-analysis)

The analysis of the plaque index was conducted on three 
articles[47,48,50]. There was no significant difference in PI between 
zirconia and titanium abutments (-1.29; 95% CI [-3.75–1.17], P = 0.30) 
with high heterogeneity (Fig. 3).

3.6. Recession (Pairwise meta-analysis)

The analysis of the recession was conducted using five ar-
ticles[37,40,42,43,51]. A sub-analysis was conducted considering the 

1-year follow-up and the 3–7-year follow-up. The overall analysis 
showed no significant difference between zirconia and titanium 
abutments (-0.05 mm; 95% CI [-0.12–0.03], P = 0.20) with reduced 
heterogeneity (Fig. 4a).

The 1-year analysis was performed on three articles[37,40,42] 
and showed no significant difference between zirconia and titanium 
abutments (-0.05 mm; 95% CI [-0.12–0.02], P = 0.17) with reduced 
heterogeneity (Fig. 4b).

Similar results were obtained by analyzing the 3–7 years period. 
The analysis was conducted on three articles[42,43,51] and showed 
no significant difference between zirconia and titanium abutments 
(0.04 mm, 95% CI [-0.24–0.32], P = 0.79) with reduced heterogeneity 
(Fig. 4c).

3.7. Network Geometry Plot

The network geometry plot for different types of abutments for 
PI, REC, BOP, and PD outcomes is reported in Figure 5a. In the net-
work geometry plot, the network nodes demonstrate the number of 
subjects that were included in respective material groups. The thick-
ness of the yellow lines is proportional to the number of comparisons 
included for analysis. The numbers of participants and comparisons 
were higher between titanium and zirconia abutments. The risk of 
bias is highlighted in a different color (yellow: moderate risk of bias; 
Fig. 5b).

3.8. Network Geometry Plot for Marginal Bone Loss (MBL) Outcome

Titanium and zirconia abutments were most frequently com-
pared and involved more participants than the other groups. The risk 
of bias is highlighted and indicated by a different color of the lines in 
the network for each comparison (Fig. 6a). There was a high risk of 
bias between titanium and alumina (red line; Fig. 6b).

3.9. Predictive Interval Plots

Predictive interval plots are reported in Figures 7a–e. Zirconia 
and gold abutments performed better than other materials regard-
ing MBL outcome. It was based on the intervals predicted for differ-
ent abutment materials included in the analysis.

3.10. Surface under the cumulative ranking curves (SUCRA)

Zirconia abutments showed SUCRA scores of 83.3% in PI, 87.0% 
in BOP, and 65.0% in PD outcome, suggesting that zirconia abut-
ments performed better than titanium and alumina abutments (Fig. 
8). More studies are needed for gold abutments, as a comparison 
was made only in relation to MBL.

3.11. Multidimensional Scale Ranking (MDS)

Materials showing the most dissimilar result as compared to 
the competing abutments, according to a multidimensional scale 
(absolute value of the horizontal axis in the plots of Figure 9), were 
zirconia for BOP, PD, and REC, and alumina for PI and MBL. In the REC 
plot, titanium appeared to be as dissimilar to zirconia. The ranking of 
the abutments is represented on the vertical axis for each outcome.
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4. Discussion

Previous reviews have attempted to address the topic analyzed 
in this review. Hu et al.[53] sought to ascertain the survival rates of 
various abutments, MBLs, and peri-implant soft tissue. Fourteen 
RCTs and nine non-RCTs were found eligible. The authors concluded 
that there were no significant differences in terms of survival rate, 
MBL, and peri-implant soft tissue discoloration among titanium (Ti), 
zirconia (Zr), gold (Au), and alumina (Al) abutments. Furthermore, 
the Ti abutment had the greatest cumulative ranking of survival rate 
(97.9%); the Al abutment had the lowest marginal bone loss (81.4%); 
and the Zr abutment had the least discoloration of peri-implant soft 
tissue (84.8%).

Our review aimed to evaluate the abutment materials by 
analyzing their effect on hard and soft tissues. Five outcomes, i.e., 
MBL, REC, PI, PD, and BOP, were analyzed and illustrated through 
network geometry plots, predictive interval plots, SUCRA ranking, 
and multidimensional scale ranking. We ranked the best-performing 
abutment type based on SUCRA and multidimensional scale ranking. 
Furthermore, we made a subgroup analysis for different sets of stud-
ies included (Fig. S2b).

Regarding bone preservation, zirconia abutments performed 
significantly better than titanium abutments at the marginal bone 
level. However, the clinical significance of this data should be ques-
tioned because the MD in MBL was as low as 0.2 mm (Fig. 3).

This information represents new data compared with the results 
of a previous systematic review by Sanz-Sanchez et al.[54], who failed 
to find any difference in terms of MBL between zirconia and titanium. 
This might be due to the higher number of studies included in this 
review.

This different behavior might be related to better hard and soft 
tissue cell stabilization on the zirconia surface, as demonstrated by 
Bergeman et al.[55]. Surface roughness may directly influence cell 
response, and a titanium-modified surface can increase soft tis-
sue adhesion[17]. Titanium abutments usually present a polished 

Fig. 2. Pairwise meta-analysis: probing depth. (a) The overall results. (b) The 
3-year follow-up results. (c) The 5–7-year follow-up results.

Fig. 3. Pairwise meta-analysis: plaque index

Fig. 4. Pairwise meta-analysis: recession. (a) The overall results. (b) The 1-year 
follow-up results. (c) The 3–7-year follow-up results.

Fig. 5. Network meta-analysis results for plaque index (PI), recession (REC), 
bleeding on probing (BOP), and probing depth (PD). (a) Network geometry 
plot for different types of abutments for PI, REC, BOP, and PD outcomes. Ti: 
titanium, Al: alumina (Al2O3), and Zr: zirconia. (b) Risk of bias (RoB) between 
each abutment’s comparison for PI, PD, BOP, and REC outcomes. There is no 
high risk of bias in any comparison of abutments. 1. Ti; 2. Al; 3. Zr.

Fig. 6. Network meta-analysis results for marginal bone loss (MBL). (a) Net-
work geometry plot for MBL outcome. The network nodes demonstrate the 
number of subjects that were included in the respective material groups. 
Thicker lines were proportional to the number of comparisons included for 
analysis. Titanium (Ti) and zirconia (Zr) abutments were most frequently 
compared and involved more subjects in both groups. (b) Risk of bias (RoB) 
among each comparison of abutments for MBL outcome. There was a high 
risk of bias in the titanium and alumina comparison. 1. Ti; 2. Alumina (Al2O3); 
3. Zr; 4. Gold.
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surface at the mucosal-bone interface. However, sintered zirconia 
abutments often show a rougher surface due to their preparation 
processes, which may increase soft tissue adhesion[56]. Paul et al. 
reported the same fibroblast behavior when comparing zirconia and 
tridimensional-designed titanium[57].

However, this supposition contrasts with the outcomes reported 
by Pandoleon et al.[58], who failed to find any difference in terms of 
cell adherence and viability between zirconia, alumina, disilicate, and 

titanium, irrespective of the external surface roughness. Data from 
Pandoleon et al.[58] confirmed the results of Welander et al.[59] on 
a dog model, which highlighted similar soft tissue morphogenesis 
between titanium and zirconia[59].

Focusing on periodontal parameters, the outcomes of the meta-
analysis failed to report any significant difference in plaque adhesion 
and inflammatory response. This is consistent with data reported by 
Sanz-Sanchez et al.[54].

Fig. 7. Predictive interval plots (Ti: titanium, Al: alumina (Al2O3), Zr: zirconia, 
Au: gold). (a) Predictive interval plot for plaque index (PI) outcome. Zr and Al 
perform better. (b) Predictive interval plot for probing depth (PD) outcome. 
Zr and Al perform better. (c) Predictive interval plot for bleeding on probing 
(BOP) outcome. Zr and Al perform better. (d) Predictive interval plot for reces-
sion (REC) outcome. Ti abutments perform better. (e) Predictive interval plot 
for marginal bone loss (MBL) outcome. Zr and Au perform better.
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Meta-analysis of the gingival recession highlighted, with re-
duced heterogeneity, the absence of significant differences among 
zirconia and titanium abutments, both on short and long follow-up 
intervals, in terms of PD and recession values.

Soft tissue PD is influenced by surgical factors (tridimensional 
implant position), anatomical factors (thickness of gingival pheno-
type), and abutment soft tissue integration. These variables were not 
reported in the studies included, and consequently, they were not 
critically analyzed. However, it can be speculated that the structural 
characteristics of the abutment bulk material cannot influence PD.

Soft tissue recession might be the expression of longitudinal 
soft tissue adaptation to the abutment[60], and it is influenced by 
several factors, including the compression of the mucosa due to 
the abutment geometry, together with the position of the implant 

and the soft tissue phenotype[61]. Although a recent systematic 
review[62] suggests that narrow abutments fail to show any differ-
ence, compared to wider abutments, in terms of soft tissue health 
and esthetics, the macro geometry of the abutment may result in 
compression or decompression of the connective component of the 
supracrestal tissue attachment. While compression often leads to an 
apical repositioning of the mucosal complex, decompression of the 
soft tissues often produces coronal displacement. This effect might 
overcome the influence of the abutment material characteristics 
and explain why the bulk material of the abutment resulted in an 
insignificant effect.

Under SUCRA rankings, zirconia was ranked higher and per-
formed best among the majority of the outcomes, followed by tita-
nium abutments. However, alumina ranked higher and performed 
best in the recession and MBL outcomes. These differences might be 
due to the data available for the analysis. Pairwise meta-analysis illus-
trates the comparisons between pairs of interventions for a specific 
condition and in a specific setting. However, there will be several op-
tions for interventions and materials available for any given clinical 
situation. Conversely, NMA includes all possible interventions and 
illustrates their comparative effectiveness and potential for harm.

Chaimani et al.[34] suggested using a multidimensional scaling 
technique to visualize the level of similarity in the ranking between 
interventions. Based on our results, on a multidimensional scale, 
zirconia and alumina abutments appeared to be the most dissimilar 
materials compared to the others, positioned far apart for specific 
outcomes. In general, titanium abutments demonstrated greater 
similarity, positioned mostly closer to other materials on the MDS 
scale. This is a peculiar outcome since zirconia and alumina are both 
ceramic materials sharing similar characteristics such as high bio-
compatibility, rigidity, and low plaque adhesion.

Articles included in the present analysis failed to consider the ef-
fect of abutment surface energy, which correlates with hydrophilicity 
and is negatively affected by the presence of contaminants on the 

Fig. 8. Surface under the cumulative ranking curves (SUCRA) ranking for dif-
ferent comparisons of abutment materials with varying outcomes. Zirconia   
ranked highest and performed best in the majority of outcomes, followed by 
titanium implant abutments. SUCRA, surface under the cumulative ranking 
curves.

Fig. 9. Multidimensional Scale Ranking (MDS Rank) illustrating the most dissimilar material in each out-
come. The multidimensional ranking method in network meta-analysis estimates the relative ranking 
for different competing treatments. BOP: bleeding on probing, MBL: marginal bone loss, PD: probing 
depth, PI: plaque index, REC: recession, Ti: titanium, Al: alumina, Zr: zirconia, Au: gold.
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surface. An increased surface wettability may result in a biological 
advantage both from the quantitative (higher number of adherent 
cells) and qualitative (flat vs. spread arrangement) points of view[63]. 
In the clinic, this advantage results in stronger fibroblast adhesion 
even in the initial stages of the treatment, as evidenced by the pres-
ence of pseudopodia, and improved clinical parameters[64].

A predictive interval plot gives information on different abut-
ment materials that would most likely perform best in future studies. 
This would provide an expected value of information to clinicians 
to choose materials in future clinical studies and develop evidence 
that would enable recommendations on the choice of material for 
specific clinical indications. This would help to manage the research 
waste and the cost of the experiments, the dentists, and the patients.

This review has some limitations. First, there is heterogeneity 
among the included studies, particularly in the MBL and PI analyses, 
regarding the study’s design and clinical procedures. Some of the 
included studies were primarily designed to assess esthetics, not 
bone loss. In these studies, titanium abutments in combination with 
metal-ceramic crowns and titanium implants were compared with 
“non-titanium” abutments in combination with all-ceramic crowns 
and zirconia implants; in other studies, titanium abutments were 
placed in the posterior area while zirconia abutments were placed 
in the anterior area. For example, Andersson et al.[35] compared two 
materials, CerAdapt (test) ceramic abutments, and CeraOne (control) 
titanium abutments, and divided them into two groups, i.e., the 
material was separated into two groups: 69 (34 test, 35 control) abut-
ments or crowns from all involved clinics were followed for one year 
in group A, and 20 (10 test, 10 control) abutments or crowns from one 
of the clinics were followed for 3 years in group B.

Furthermore, the follow-up period varied between 6 months 
and 7 years in the different studies. A subgrouping, merging the 
similar follow-up time data, was done when possible. Additionally, 
the limitations of the SUCRA ranking should be considered before 
making any decisions[65].

There were not enough studies to grade the quality of evidence 
among different comparisons of the dental abutment materials in 
the network meta-analysis. Therefore, the recommendation for the 
best choice of abutment for any clinical outcomes would be difficult. 
Although zirconia, followed by titanium, was found to be most effec-
tive in the majority of soft tissue clinical outcomes, more randomized 
clinical trials with different comparisons between abutment materi-
als are required.

Finally, not only the abutment material but also the implant 
material varied among the included studies. While all the control 
titanium abutments were screwed on titanium implants, zirconia 
abutments were screwed on zirconia implants in two test groups.

Additional limitations of this review include the lack of clinical 
subgrouping (e.g., according to the initial soft tissue quality and 
dimension), which could provide reliable data minimizing the 
heterogeneity, though further data fragmentation may prevent ag-
gregation in a network, or even pairwise, meta-analysis.

It must be considered that clinicians cannot choose abutment 
material based on the parameter of soft tissue response, and other 
aspects (i.e., mechanical strength, fracture resistance) are also impor-
tant factors for choosing abutment material.

5. Conclusions

Within the limits of this study, zirconia abutments seem a viable 
alternative to the use of classical titanium abutments. More clinical 
studies focused on comparing abutment materials are needed to 
obtain more robust conclusions.
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