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Abstract: 
Peri-implant soft tissue complications remain a major challenge affecting long-term implant success. Therefore, it is of interest to 
compare the peri-implant soft tissue health around zirconia and titanium implants in 60 adults over 12 months. Zirconia implants 
demonstrated significantly lower plaque accumulation and bleeding on probing than titanium implants (p < 0.05). Gingival 
inflammation was reduced around zirconia implants, while probing depth and mucosal recession were comparable between groups. 
Thus, data shows the zirconia implants may promote superior peri-implant soft tissue health through reduced bacterial adhesion and 
inflammatory response.  
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Background: 
Dental implants represent a well-established and predictable 
modality for the replacement of missing teeth, with long-term 
survival rates consistently exceeding 90% across diverse patient 
populations and clinical contexts [1]. Despite their broad clinical 
success, biological complications principally peri-implant 
mucositis and peri-implantitis remain a significant concern and 
are associated with substantial morbidity, representing the 
leading cause of late implant failure [2]. The health of the peri-
implant soft tissue envelope, comprising the junctional 
epithelium and the supracrestal connective tissue attachment, is 
fundamental to the maintenance of crestal bone stability and, by 
extension, to the long-term function and survival of the implant 
restoration [3]. Titanium and its alloys have constituted the 
material of choice for dental implants since the pioneering work 
of Brånemark and colleagues documented reliable 
osseointegration in clinical practice [4]. Titanium exhibits 
favourable biocompatibility, high mechanical strength and a 
well-characterised surface oxide layer that supports 
osseointegration; however, concerns regarding titanium ion 
release, adverse soft tissue discolouration in sites with thin 
mucosal biotypes and its metallic greyish colour visible through 
the peri-implant mucosa have prompted the development of 
alternative materials [5]. Zirconia (zirconium dioxide, ZrO₂) has 
emerged as a ceramic implant material offering optical 
properties closely approximating natural tooth structure, 
together with reported advantages including reduced bacterial 
adhesion, lower plaque accumulation and a potentially more 

favourable soft tissue response compared with titanium [6]. The 
peri-implant mucosa, analogous to the gingiva around natural 
teeth but distinct in its attachment mechanism and vascular 
supply, is particularly susceptible to plaque-induced 
inflammation [7]. The material composition and surface 
topography of the transmucosal implant segment influence the 
quantity and composition of the adherent biofilm, which in turn 
modulates the inflammatory status of the surrounding soft 
tissues [8]. In vitro and in vivo evidence suggests that zirconia 
surfaces support lower levels of bacterial adhesion than titanium 
surfaces, with potential implications for reducing the incidence 
of peri-implant mucositis and peri-implantitis [9]. However, 
whether these in vitro advantages translate into clinically 
meaningful differences in peri-implant soft tissue health in 
prospective clinical studies remains a subject of ongoing 
investigation [10]. Systematic appraisals of the comparative 
clinical evidence indicate that zirconia implants achieve survival 
rates broadly comparable to titanium implants, particularly in 
the short to medium term, while some studies report more 
favourable soft tissue parameters around zirconia restorations 
[11]. Nevertheless, the body of prospective clinical evidence 
directly comparing peri-implant soft tissue outcomes between 
zirconia and titanium implants remains limited in both quantity 
and methodological quality and further well-controlled 
prospective studies are warranted [12]. Therefore, it is of interest 
to evaluate the 12-month peri-implant soft tissue outcomes 
specifically probing depth, bleeding on probing, plaque index, 
gingival index and mucosal recession between zirconia and 
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titanium dental implants within a prospective cohort of 
systemically healthy adults.  
Materials and Methods: 
This prospective comparative study was conducted at the 
Department of Prosthodontics and Crown & Bridge, MNR 
Dental College and Hospital, Sangareddy, Telangana, India and 
at associated clinical sites. Systemically healthy adults aged 18 to 
65 years requiring single-tooth implant replacement in the 
posterior or anterior region were recruited consecutively. Ethical 
approval was obtained from the Institutional Ethics Committee 
(Ref: IEC/MNRDC/2023/078) and written informed consent 
was obtained from all participants prior to enrolment. The study 
was conducted in accordance with the principles of the 
Declaration of Helsinki and is reported in line with STROBE 
guidance. Sample size was estimated to provide 80% power to 
detect a clinically meaningful difference of 0.3 units in plaque 
index between groups at a two-tailed alpha of 0.05, assuming a 
standard deviation of 0.45 units, yielding a minimum of 25 
implants per group, rounded to 30 to accommodate an 
anticipated dropout of approximately 15%. Inclusion criteria 
comprised adequate bone volume for standard-diameter implant 
placement without augmentation, a healed extraction site of at 
least three months, healthy or treated stable periodontal 
condition and absence of parafunctional habits. Exclusion 
criteria included uncontrolled systemic disease, current tobacco 
use, pregnancy or lactation, ongoing bisphosphonate therapy 
and any site requiring simultaneous bone augmentation. 
Participants were allocated to receive either a two-piece zirconia 
implant (zirconia group, n = 30) or a titanium implant (titanium 
group, n = 30) by alternating assignment. All implants were 
placed by experienced implant surgeons using a standardised 
surgical protocol under local anaesthesia, with a submerged 
healing period of eight to twelve weeks before abutment 
connection. All implants were subsequently restored with 
monolithic zirconia crowns cemented with resin-modified glass 
ionomer cement following a standardised restorative protocol. 
All participants received standardised oral hygiene instruction at 
implant placement, abutment connection and each follow-up 
visit. Peri-implant soft tissue parameters were recorded at 
baseline (definitive crown cementation, designated time zero) 
and at 6 and 12 months by a trained and calibrated examiner 
blinded to the group allocation. Parameters assessed were: 
probing depth (PD), measured at six sites per implant using a 
plastic periodontal probe with a standardised force of 
approximately 0.25 N; bleeding on probing (BOP), recorded as 
the proportion of sites exhibiting bleeding within 30 seconds of 
probing; plaque index (PI), scored on a 0–3 scale according to the 
Löe and Silness criteria adapted for implants; gingival index 
(GI), scored on a 0–2 scale; and peri-implant mucosal recession, 
measured as the distance from a fixed reference point to the 
most coronal extent of the peri-implant mucosa. Standardised 
periapical radiographs were obtained at baseline and 12 months 
using a paralleling technique with an individualised positioning 
jig for the assessment of marginal bone level as a secondary 
outcome. Statistical analysis was performed using IBM SPSS 
Statistics version 27.0. Normality was assessed with the Shapiro–

Wilk test. Continuous variables are expressed as mean ± 
standard deviation and categorical variables as frequencies and 
percentages. Between-group comparisons used the independent 
samples t-test or Mann–Whitney U test as appropriate; 
categorical outcomes were compared with the chi-square or 
Fisher exact test. Within-group changes over time were assessed 
using repeated-measures analysis of variance with Bonferroni 
post hoc correction. A two-tailed p-value of less than 0.05 was 
considered statistically significant. 
  
Results: 

A total of 60 participants (30 zirconia, 30 titanium) completed the 
12-month follow-up. The groups were comparable at baseline 
with respect to age, sex, arch location, implant diameter and 
length and baseline peri-implant soft tissue parameters (Table 

1). Mean participant age was 41.6 ± 9.2 years in the zirconia 
group and 42.9 ± 10.1 years in the titanium group. Peri-implant 
soft tissue outcomes at 6 and 12 months are summarised in 
Table 2. Plaque index was significantly lower in the zirconia 
group at both 6 months (0.61 ± 0.22 versus 0.84 ± 0.27; p < 0.001) 
and 12 months (0.63 ± 0.23 versus 0.87 ± 0.29; p < 0.001). 
Bleeding on probing was also significantly lower in the zirconia 
group at 12 months (14.3% versus 21.7%; p = 0.038). Gingival 
index scores were lower in the zirconia group at 12 months (0.52 
± 0.19 versus 0.71 ± 0.23; p = 0.001). Probing depth did not differ 
significantly between groups at any time point (Table 2). 
Mucosal recession at 12 months was minimal in both groups, 
with no statistically significant between-group difference (Table 

3). Marginal bone loss over 12 months was 0.28 ± 0.14 mm in the 
zirconia group and 0.34 ± 0.16 mm in the titanium group; this 
difference did not reach statistical significance (p = 0.112). All 60 
implants were in function at 12 months, representing a survival 
rate of 100% in both groups. The rates of minor biological and 
mechanical complications were comparable between groups 
(Table 4). 
  
Table 1: Baseline characteristics of the study cohort (60 implants in 60 participants) 

Variable Zirconia  
group (n = 30) 

Titanium  
group (n = 30) 

Age (years), mean ± SD 41.6 ± 9.2 42.9 ± 10.1 
Female, n (%) 16 (53.3) 15 (50.0) 
Posterior implants, n (%) 22 (73.3) 23 (76.7) 
Baseline plaque index (0–3) 0.68 ± 0.21 0.70 ± 0.23 
Baseline probing depth (mm) 2.1 ± 0.4 2.1 ± 0.5 
Baseline gingival index (0–2) 0.49 ± 0.18 0.51 ± 0.20 

  
Table 2: Peri-implant soft tissue parameters at 6 and 12 months 

Parameter Time  
point 

Zirconia  
(Mean ± SD) 

Titanium  
(Mean ± SD) 

p-value 

Probing depth (mm) 6 months 2.2 ± 0.5 2.3 ± 0.5 0.412 
Probing depth (mm) 12 months 2.2 ± 0.5 2.4 ± 0.6 0.197 
Plaque index 6 months 0.61 ± 0.22 0.84 ± 0.27 <0.001* 
Plaque index 12 months 0.63 ± 0.23 0.87 ± 0.29 <0.001* 
Gingival index 6 months 0.54 ± 0.21 0.68 ± 0.22 0.011* 
Gingival index 12 months 0.52 ± 0.19 0.71 ± 0.23 0.001* 
BOP (%) 12 months 14.3 21.7 0.038* 

 *Statistically significant (p < 0.05); independent samples t-test / chi-square test 
 
Table 3: Mucosal recession and marginal bone loss at 12 months 

Outcome Zirconia  
(Mean ± SD) 

Titanium  
(Mean ± SD) 

p-value 
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Mucosal recession (mm) 0.12 ± 0.09 0.15 ± 0.11 0.231 
Marginal bone loss (mm) 0.28 ± 0.14 0.34 ± 0.16 0.112 

 Independent samples t-test 
 
Table 4: Implant survival and complications over 12 months 

Outcome Zirconia n (%) Titanium n (%) 

Implants surviving at 12 months 30/30 (100) 30/30 (100) 
Minor biological complications 2 (6.7) 3 (10.0) 
Minor mechanical complications 1 (3.3) 2 (6.7) 

  

Discussion: 
The principal finding of this prospective comparative study was 
that zirconia dental implants were associated with significantly 
lower plaque index, gingival index and bleeding on probing 
scores compared to titanium implants at both 6 and 12 months, 
while probing depth, mucosal recession and marginal bone loss 
did not differ significantly between groups over the 12-month 
observation period. These findings indicate that the choice of 
implant material exerts a measurable influence on the 
inflammatory status and plaque accumulation at the peri-
implant soft tissue, favouring zirconia in the short to medium 
term. The lower plaque index scores observed around zirconia 
implants in the present study are consistent with the findings of 
Bienz et al. [13], who conducted a randomised controlled trial 
comparing soft tissue morphology under healthy and 
experimental mucositis conditions around zirconia and titanium 
implants. In that study, the plaque control record was 
significantly lower in the zirconia group under mucositis 
conditions (68.3 ± 31.9% for zirconia versus 75.0 ± 29.4% for 
titanium; p < 0.0001), supporting the notion that the smoother 
surface characteristics of zirconia confer resistance to biofilm 
adherence. The present results extend this finding to a 
prospective clinical setting without experimental plaque 
induction, suggesting that the advantage in plaque control is 
observable under standard clinical maintenance conditions. The 
reduction in bleeding on probing and gingival index around 
zirconia implants in the present study aligns with the 
observations of Cionca et al. [14], who assessed pro-
inflammatory cytokines at zirconia implants and teeth and 
found that the expression of inflammatory biomarkers was 
comparable between zirconia implants and natural teeth, with 
titanium implants showing higher interleukin-1β (IL-1β) levels 
during experimental mucositis (p < 0.05). This suggests that the 
inflammatory response of the peri-implant mucosa to plaque 
accumulation may be attenuated around zirconia compared to 
titanium, which may account for the lower gingival index and 
bleeding scores observed in the present cohort. A recent 
prospective study by Luthra et al. [15], comparing zirconia and 
titanium abutments on peri-implant hard and soft tissues over 
six months, similarly reported more favourable outcomes in the 
zirconia group, with reduced inflammation and less marginal 
bone resorption. The comparable probing depth between groups 
observed in the present study is in accord with that report, 
suggesting that the material-related difference in tissue response 
manifests principally as a difference in inflammatory indices 
rather than in the depth of the peri-implant pocket. Furthermore, 
the study by Agarwal et al. [16] demonstrated superior optical 
outcomes and comparable soft tissue thickening around zirconia 

abutments relative to pink-anodized titanium abutments in a 
randomised clinical trial, reinforcing the multi-dimensional 
advantages of ceramic materials at the implant–tissue interface. 
Mohseni et al. [17], in a systematic review and meta-analysis of 
clinical outcomes of titanium-zirconium alloy and zirconia 
implants, reported that zirconia implants demonstrated survival 
rates and marginal bone loss broadly comparable to titanium, 
while noting a trend towards lower peri-implant mucosal 
inflammation with zirconia. The absence of a statistically 
significant difference in marginal bone loss between groups in 
the present study (0.28 ± 0.14 mm versus 0.34 ± 0.16 mm; p = 
0.112) is congruent with these observations and suggests that, 
over a 12-month observation period, the biological advantage of 
zirconia manifests more clearly in the soft tissue than in the 
crestal bone. Longer follow-up will be required to determine 
whether the lower inflammatory burden around zirconia 
translates into a measurable bone preservation benefit over time 
[18]. The present study has several limitations. The 12-month 
follow-up captures the early peri-implant tissue response but 
does not address longer-term outcomes, including the 
maintenance of mucosal health, progressive marginal bone 
changes and prosthetic survival beyond the first year. The 
sample was drawn from a single centre with alternating group 
allocation rather than randomisation and residual confounding 
cannot be excluded despite comparable baseline characteristics. 
The plaque and gingival indices are examiner-dependent and 
although the examiner was calibrated and blinded, some degree 
of measurement variability is inherent. Finally, the study did not 
include assessment of patient-reported outcomes such as 
aesthetic satisfaction or perceived soft tissue comfort, which are 
particularly relevant given the optical advantages of zirconia in 
the peri-implant aesthetic zone. 
 
Conclusion: 

We show that zirconia implants superior 12-month peri-implant 
soft tissue health compared to titanium dental implants. Zirconia 
achieved significantly lower plaque, gingival and bleeding 
scores, while survival rates and bone loss remained comparable. 
Thus, zirconia is a predictable, highly biocompatible alternative 
to titanium for optimizing peri-implant tissue health. 
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