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Abstract: The aim was to evaluate the effect of ceramic lumineers on inflammatory periodontal pa-
rameters, gingival crevicular fluid (GCF) flow rate and cytokine profile. Patients were provided with
lumineers using standardized technique including minimal to no preparation. Ceramic lumineers
were etched with hydrofluoric acid and teeth with phosphoric acid followed by adhesive cementation.
Periodontal parameters (Plaque index (PI), bleeding on probing (BOP), periodontal pocket depth
(PPD), and clinical attachment loss (CAL)) were recorded at baseline and after 4, 12, and 24 weeks of
lumineer cementation. Assessment of GCF flow rate and levels of IL-6 and TNF-α was made using
enzyme linked immunosorbent assay (ELISA). The statistical significance was determined by the
t-test, analysis of variance and post hoc Tukey’s test. It was found that PI, BOP, PPD, and CAL at
baseline and 24 weeks were comparable (p > 0.05). The GCF volume at baseline was comparable to
the GCF at week 24 (p > 0.05). The IL-6 levels at baseline (5.4 ± 3.6) were similar to those at 24 week
(7.4 ± 5.2) (p > 0.05). The TNF-α at week 4 (65.3 ± 16.2), 12 (25 ± 10.2), and 24 (21.3 ± 7.6) was
higher than the baseline (13.7 ± 5.8) (p < 0.05). Clinical periodontal parameters and GCF volume
among patients treated with ceramic lumineers at baseline and twenty-four week follow-up were
comparable. The GCF TNF-α levels significantly increased after ceramic lumineer cementation at
24-week follow-up.

Keywords: ceramic; restoration; periodontitis; gingival exudates; ELISA

1. Introduction

Restorative dentistry aims to restore the physiologic tooth form and function along
with maintenance of gingival and periodontal health [1]. With the ongoing advancements
in the field of dentistry, requirements pertaining to biomaterials’ properties i.e., high tissue
compatibility, mechanical strength, and antibacterial effects have optimized [2]. Clinical
longevity of any restoration is determined by the health of gingival tissues. Therefore,
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various studies have measured and observed the effect of different restorative materials on
gingival and periodontal health [3].

In recent years, demands for esthetic restorations have increased spectacularly due
to growing awareness in society. With the introduction of lumineers, there has been a
revolutionary change in the field of esthetic dentistry [4]. Lumineers are considered as the
most conservative indirect restorations among all minimally invasive treatments. They
are custom made thin section of porcelain bonded with a permanent adhesive to the tooth
surface. Lumineers are different from conventional dental veneers because of their ultrathin
thickness [5,6]. A study conducted by Beier et al., displayed 93.5% survival rate of porcelain
laminate veneers over a period of 10 years [7]. Though being minimally invasive, lumineers
may cause periodontal problems due to over contouring and subgingival margin placement.
Furthermore, lumineers are over contoured restorations as little or no tooth preparation is
performed before their placement. This may also contribute to compromised periodontal
health due to plaque accumulation around the restoration margins [8]. Pneuman et al., in
his five-year follow up study reported that porcelain veneers increase plaque retention [9].

Dental restorations are in close contact with the oral tissues but rarely cause systemic
side effects [10]. However, local inflammatory reaction or hypersensitivity may occur in
response to these restorations [11]. It is reported in previous studies that organic as well as
degradation products of restorative materials are responsible for inflammatory changes in
the periodontium [12,13]. Periodontal inflammation is characterized by well-orchestrated
process of host defense through leukocyte recruitment and monocyte activation. This
releases pro-inflammatory mediators and cytokines (IL-1, IL-6, and Tumor necrosis factor-
alpha (TNF-α) in gingival crevicular fluid (GCF). TNF-α is responsible for activation
of certain cytokines and initiates the process of inflammation. Similarly, Interleukin-6
(IL-6) also activates localized immune cells and causes gingivitis and periodontal tissues
destruction [14]. Recent studies have validated the role of salivary and serum cytokines
(biomarkers) including, IL-6, transforming growth factor beta (TGF-β1) and vascular
endothelial growth factor (VEGF) showing correlation with periodontal disease initiation
and progression [15,16]. In a study by Isola et al., levels of salivary IL-6 were reported to
be a valid predictor for gingival health, with periodontitis patients showing significantly
higher salivary and serum IL-6 levels [17].

Concerning periodontal response towards lumineer treatment, multiple clinical stud-
ies reported good or no change in periodontal health status after ceramic veneer place-
ment [18,19]. By contrast, few studies displayed increased periodontal inflammation with
alteration of periodontal parameters i.e., PI, BOP, and PPD [9]. In addition, there is a dearth
of evidence on the periodontal clinical response (gingival health) and pro-inflammatory
biomarker levels in the GCF of patients treated with adhesive lumineers. The null hypothe-
sis of the present study was, that periodontal parameters, GCF volume, and GCF cytokine
(IL-6 and TNF-α) levels in patients treated with lumineers would be comparable before
and after treatment. Therefore, the aim of the present study was to evaluate the effect of
lumineer on periodontal health status i.e., clinical inflammatory parameters, GCF flow rate,
and GCF proinflammatory cytokine profile (IL-6 and TNF-α), by evaluating patients before
and after treatment.

2. Materials and Methods
2.1. Ethical Considerations

The present study was performed following guidelines recognized by the Declaration
of Helsinki as revised in 2013 for experimentation involving human patients. The ethic
review committee and institutional review board of specialist practice and research center
(UDPRC) in Riyadh, Saudi Arabia, approved the study protocol with reference number-
E-19-4329. All participants were informed that they could withdraw their participation
at any stage of the investigation without consequences. All participants completed and
signed an informed consent to voluntarily participate in the study. In addition, they were
allowed to leave the study without any consequences.
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2.2. Study Participants

The study included patients with good to fair oral hygiene, indicated for porcelain
lumineers on the maxillary and/or mandibular anterior teeth. Patients with periodontal dis-
ease, pregnancy, drug related gingival hyperplasia, antibiotics, steroids and non-steroidal
anti-inflammatory drugs within 3 months, habitual tobacco smokers, diabetes mellitus,
teeth with discoloration, misaligned teeth, and teeth with defective restorations were ex-
cluded. All patients received prophylaxis tooth scaling prior to acceptance in the trial.
All clinical parameters and cytokine profiles were assessed at baseline (before lumineers
treatment—control group) and at 4, 12, and 24 weeks after restorative treatment (esthetic
lumineers—test group). The study methodology is presented in Figure 1. Thirty-five
participants were initially assessed for the trial, however, eight were excluded. A total
of 27 participants were included in the trial, the same participants were assessed before
lumineer treatment (control group, n = 27) and after lumineer treatment (test group, n = 27).
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2.3. Questionnaire

A questionnaire in both English and Arabic languages was employed for data col-
lection related to subjects age, gender, tooth to be treated, and oral hygiene. Findings of
clinical periodontal parameters including plaque index (PI), bleeding index (BI), periodon-
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tal pocket depth (PPD), clinical attachment level (CAL), and gingiva crevicular fluid (GCF)
levels were marked within the questionnaire.

2.4. Lumineer Treatment

All patients enrolled in the trial were provided with lumineers by two senior prosthodon-
tists (TA and AA) at specialist dental practice center in Riyadh, Saudi Arabia. The stan-
dardized technique included minimal (0.3–0.5 mm) to no preparation of labial and cervical
enamel of teeth, polyvinylsiloxane impressions, E.Max ceram (Ivoclar Vivadent, Schaan,
Liechtenstein) ceramic lumineers or no-prep veneers. All ceramic veneers were etched
with hydrofluoric acid (5%-HF Acid-IPS ceramic etching gel-Ivoclar Vivadent, Schaan,
Liechtenstein) for 20 s and washed. Ceramic adhesive was applied (silane coupling agent
- single bond universal adhesive—3M, ESPE, St Paul, MN, USA) and air dried. Teeth
were etched with phosphoric acid for 15 s (37%-Scotchbond Universal etchant—3M ESPE,
St Paul, MN, USA) and washed with water, followed by adhesive application (Scotchbond,
Universal adhesive—3M ESPE, St Paul, MN, USA) with micro brush agitation (light cure
for 40 s). Cementation was performed under dental dam isolation, with a light cure resin-
luting agent (Rely X veneer cement-3M ESPE, St Paul, MN, USA) and photo-polymerization
for 20 s each surface after excess removal.

2.5. Clinical Periodontal Parameters

Examiner ME and MA recorded clinical parameters after intra-examiner calibration.
Clinical measurements of PI, BOP, PPD, and CAL of the treated teeth were recorded at
baseline (pre-operative-control) prior to lumineer treatment and at 4, 12, and 24 weeks
of lumineer cementation (post-operative) teeth with lumineers were assessed at 6 sites
(mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual). The
examiner used a Williams’s probe (PCP10 Color Coded Probe; Hu-Friedy Co., Chicago,
IL, USA) for clinical assessments. PI and BOP scores were evaluated as percentage of sites
evaluated [20,21] and summarized as a mean percentage for each patient. PPD and CAL
were reported as mean of all six sites on each lumineered tooth [22].

2.6. Collection of GCF

The GCF samples were collected for assessment of flow rate using the technique by
Abduljabbar et al. [23]. GCF assessment was performed on the buccal tooth surface, prior to
tooth preparation for Lumineers and at follow-up appointments. Teeth were isolated using
cotton rolls, supra-gingival biofilm was removed and the surface was dried with a gentle
air spray. The sterile paper strips (Periopaper Gingival Fluid Collection Strip, Oraflow Inc.)
were placed in the crevice for 10 s and the GCF volume was calculated by immediately
placing strips in the calibrated machine (Periotron 8000, Oraflow Inc, Plainview, NY, USA)
to get quantitative measurements [22]. The measurements were repeated 3 times and the
mean was determined. Strips contaminated with blood were discarded and a replacement
site was assessed. The strips were placed in phosphate buffer saline (PBS) (0.01 M/pH 7.3)
and protease inhibitor (Complete Mini, Roche-Applied-Science, Indianapolis, IN, USA),
within labeled sterile tubes. A supernatant was produced after centrifuging the tubes
(5 min at 9000 rpm at 5 ◦C), which was stored at −80 ◦C for further analysis.

2.7. Assessment of Cytokine Profile

The levels of pro-inflammatory cytokines (IL-6 and TNF-α) were assessed using
Luminex 100 IS instrument (Luminex®, Austin, TX, USA) and multiplexed fluorescent
immunoassay kit (Milipore, Bilerica, MA, USA). The supernatant from the GCF was
analyzed in duplicate wells and using standard curve, concentrations were identified with
the help of a computer software (Xponent® software, Millipore Corporation, Burlington,
MN, USA). For IL-6 and TNF-α, identified concentrations were adjusted to GCF volume
and presented in picograms per milliliter (pg/mL). The procedure included, incubation
of supernatant of GCF sample with anti-human multi-cytokine beads at 4 ◦C. A further
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addition of Anti-human multicytokine biotin reporter was made and incubated at room
temperature for 120 min. Filtration was performed to remove unbound material and
further incubation of plates was made (40 min) with Streptavidin phycoerythrin addition.
The plates were assessed in the reader (Luminex®, Austin, TX, USA) after incorporation
of stop solution. A computerized software (Beadview, Millipore, MN, USA) evaluated
cytokine levels for each specimen within standards.

2.8. Statistical Analysis

The statistical analysis of the descriptive data was done using statistical software for
social sciences (SPSS version 21, IBM Corp, IN, USA.). The statistical significance was
determined by the t-test, repeated-measures analysis of variance (ANOVA) and post hoc
Tukey’s test. The level of significance was set at p < 0.05 for all tests.

3. Results
3.1. General Characteristics of the Study Population

General characteristics of study population were demonstrated in Table 1. Present
study evaluated a total of 288 lumineers in 27 participants, before (control group) and after
(test group) lumineer treatment. Sixteen participants were female and 11 were male with
ages ranging from 23.5 to 40.6 years. Maxilla received 196 lumineers whereas 92 were
placed on mandible.

Table 1. General characteristics of the study population.

Study Characteristics

Number of Patients 27
Age range (Years) 23.5–40.6

Gender (F/M) 16/11
Number of Lumineers 288

Maxilla/Mandible 196/92

3.2. Clinical Periodontal Parameters

Clinical periodontal findings of all the participants are outlined in Table 2. Mean
score of PI and BOP at baseline (control), week 4, 12, and 24 were (15.2 ± 4.3, 12.8 ± 5.6),
(25.4 ± 6.7, 28.6 ± 7.8), (17.8 ± 7.3, 16.1 ± 8.3), and (17.1 ± 4.5, 16.5 ± 5.5), respectively. At
week 4, PI and BOP score (25.4 ± 6.7, 28.6 ± 7.8) was significantly higher from baseline
(15.2 ± 4.3, 12.8 ± 5.6) (p < 0.05). However, means at week 12 (17.8 ± 7.3, 16.1 ± 8.3) and
24 (17.1 ± 4.5, 16.5 ± 5.5) became comparable to baseline (p > 0.05). It was also found that
mean score of PPD and CAL at week 4 (2.6 ± 0.7, 1.1 ± 0.8 mm), 12 (2.8 ± 0.9, 1.3 ± 0.5 mm),
and 24 (2.7 ± 0.6, 1.3 ± 0.7 mm) after lumineer placement remains comparable to baseline
(2.4 ± 0.5, 1.1 ± 0.5 mm) (p > 0.05) (Figures 2 and 3).

Table 2. Gingiva crevicular fluid (GCF) flow rate and periodontal parameters observed in the study.

Parameters Baseline
(Control) 4 Weeks 12 Weeks 24 Weeks p-Value *

Mean PI (%) 15.2 ± 4.3 A 25.4 ± 6.7 B 17.8 ± 7.3 A 17.1 ± 4.5 A <0.05
Mean BOP (%) 12.8 ± 5.6 A 28.6 ± 7.8 B 16.1 ± 8.3 A 16.5 ± 5.5 A <0.05

Mean PPD (mm) 2.4 ± 0.5 A 2.6 ± 0.7 A 2.8 ± 0.9 A 2.7 ± 0.6 A >0.05
Mean CAL (mm) 1.1 ± 0.5 A 1.1 ± 0.8 A 1.3 ± 0.5 A 1.3 ± 0.7 A >0.05

Mean GCF
volume (µL) 0.6 ± 0.2 A 1.3 ± 0.6 B 0.8 ± 0.3 A 0.8 ± 0.5 A <0.05

IL-6 (pg/mL) 5.4 ± 3.6 A 15.6 ± 8.2 B 7.8 ± 6.2 A 7.4 ± 5.2 A <0.05
TNF-α (pg/mL) 13.7 ± 5.8 A 65.3 ± 16.2 B 25 ± 10.2 C 21.3 ± 7.6 C <0.05

* ANOVA, Dissimilar capital superscript alphabets denote statistically significant difference in same
row (Tukey–Kramer Multiple comparisons test).
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Figure 3. Comparison of periodontal pocket depth (PPD) and clinical attachment loss (CAL) in millimeters (mm) as
observed at baseline and different follow-up durations in patients treated with lumineers.

3.3. Volume and Cytokine Profile of the GCF

Mean GCF volume and cytokine profile were presented in Table 2. Mean GCF volume
at week 4 (1.3 ± 0.6 µL) was significantly higher from the baseline (0.6 ± 0.2 µL) (p < 0.05).
Mean volume at week 12 (0.8 ± 0.3 µL) and 24 (0.8 ± 0.5 µL) was found to be comparable to
control (p > 0.05). GCF levels of IL-6 were increased at week 4 (15.6 ± 8.2 pg/mL) from the
baseline (5.4 ± 3.6 pg/mL) (p < 0.05). However, there was no significant difference in GCF
IL-6 level at week 12 (7.8 ± 6.2 pg/mL) and 24 (7.4 ± 5.2 pg/mL) from the baseline (p > 0.05).
Moreover, level of TNF-α in GCF at week 4 (65.3 ± 16.2 pg/mL), 12 (25 ± 10.2 pg/mL),
and 24 (21.3 ± 7.6 pg/m) was found to be higher than the baseline (13.7 ± 5.8 pg/mL)
(p < 0.05) (Figure 4).
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4. Discussion

The present study was based on the null hypothesis that periodontal parameters,
GCF volume and GCF cytokine (IL-6 and TNF-α) levels in patients treated with lumineers
would be comparable before and after treatment. It was observed that ceramic lumi-
neer treatment showed similar clinical periodontal parameters and GCF cytokine profile
(IL-6 and TNF-α) levels from baseline to 24-week follow-up. Therefore, the postulated null
hypothesis was accepted. Multiple explanations for these outcomes include ceramic bio-
compatibility, oral hygiene improvements, socio-economic status of patients, and expertise
of treatment providers.

Primary use of lumineers were emphasized to the advantage of patients who did
not want their teeth to be prepared [5]. Lumineers, due to their higher esthetics, biocom-
patibility, and clinical longevity, are considered as an alternative to complete-coverage
restorations [24]. Studies suggest that researches are focused mostly on esthetic and tech-
nical aspects of ceramic veneers [25,26]. However, investigations pertaining to gingival
and periodontal outcomes of ceramic lumineer restorations are limited and showed het-
erogeneous results. In addition, an appreciation of restoration and periodontal interface is
critical in determining the successful clinical outcomes and to ensure satisfactory function,
form and esthetics of the dentition [27].

GCF levels of inflammatory cytokines (IL-6 and TNF-α) have found to be increased in
different inflammatory conditions. Cytokine balance plays an important part in stability
and early progression of inflammation, however their detrimental role in progression of
periodontal disease is gaining strength [15,17,28]. Macrophages and T-cells secrete TNF-α,
which play important role in early induction of periodontal inflammation. Furthermore, it
may synergistically stimulate human gingival fibroblasts to enhance IL-6 secretion. Eleva-
tion of both IL-6 and TNF-α causes periodontal and gingival breakdown via disturbances
in lipid metabolism [29]. It is also suggested that IL-6 exerts its influence by myeloid cell
differentiation, up-regulation of B lymphocytes and T cell populations [17]. IL-6 therefore
amplifies the host response and regulates periodontal tissue homeostasis through stimula-
tion of osteoclastic activity and growth of periodontopathogenic bacteria [30]. Moreover,
increased IL-6 levels are reported in periodontitis and a significant decrease in its level
following periodontal therapy indicates its role as an early disease onset biomarker for
periodontal inflammation [17,31].
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The results of the present study demonstrated that PI and BOP scores at week 4 were
significantly higher from the baseline. There are multiple reasons accredited to this outcome.
Considering the esthetic requirement, most of the lumineers’ margins in the present study
were placed subgingivally or equigingivally, this might have caused reversible damage
to the junctional epithelium and connective tissue [32]. Furthermore, subgingival margin
tends to accumulate more plaque and exerts potentially undesirable effects on the health
of surrounding tissues. Moreover, the role of soft tissue manipulation during margin
preparation, gingival retraction, and impression making cannot be neglected. In addition,
a direct relationship exists between over contouring and soft tissue inflammation, as it
causes plaque accumulation and soft tissue disturbance due to change in emergence profile.
Furthermore, undetected excess cement in the sulcus area might also have contributed to
this outcome [33].

Interestingly, PI and BOP findings become comparable to the baseline at week 12 and
24. In addition, PPD and CAL remains unaffected after lumineer placement and appeared
comparable to baseline at 4, 12, and 24 weeks follow-up. These outcomes are in accordance
with the findings of the study conducted by Arif et al., [34]. According to which, gingival
response after lumineer placement was satisfactory with GI and PPD scores remaining
within normal range. A possible explanation for this finding is the biocompatibility of
ceramics and its ability to minimize toxic and inflammatory cellular effects with minimal
bacterial growth around the cervical margin [35]. Hahn et al., in their study reported that
ceramic restorations accumulated less plaque around the restoration margins along with
the reduced bacterial viability. In addition, oral hygiene instructions and plaque control
are pivotal for a healthy perio-restorative interface [36]. As oral hygiene instructions were
reinforced at regular review appointments, it is the author’s opinion that plaque control
and therefore BOP considerably improved with consequent follow-up examinations at
12 and 24 weeks in patients [37]. Hussain, in her study, found that regular oral hygiene
instructions improved the periodontal parameters and plaque control in patients with
dental veneers [38]. It is also suggested that education level and socioeconomic status
have a positive indirect influence on oral health and plaque control of individuals [39].
As a majority of participants (87.4%) enrolled in the present study were well educated
and belonged to good socio-economic background, this might have contributed to the
results of the study. Furthermore, it is reported in previous studies that females exhibit
better behavior and attitude towards oral hygiene practices than males [40,41]. Incidentally,
the majority (59.25%) of patients in the present study were females, therefore gender
distribution and their behavior towards oral hygiene practices positively influenced the
study findings.

GCF flow rate is an indicator of increased tissue permeability which represents early
stages of inflammation. This outflow removes the non-adherent microbes and their toxins
from dento-gingival space. The findings of the present study showed that GCF volume and
GCF levels of IL-6 and TNF-α at week 4 was significantly higher compared to baseline. IL-6
and TNF-α cytokines in GCF are pro-inflammatory biomarkers, suggestive of deterioration
and clinical inflammatory response in periodontium [18,42]. Subgingival margin, biological
width violation, overzealous cord placement before lumineers placement margin adap-
tation, lumineer gingival contour, and cementation might be the reasons for the greater
volume of GCF and cytokine level derangement [29,43]. This result is in line with the
outcomes of the study conducted by Kowashi et al., according to which GCF flow rate
increases to 5.5-fold during 0–21 days in gingivitis experiment study [44]. However, GCF
flow rate and proinflammatory cytokines levels returned to baseline at week 12 and 24.
This result is in accordance with the findings of clinical studies which suggested that highly
glazed porcelain retains less plaque than tooth enamel [35].

It is well known, that individuals with periodontal infections and ongoing or previous
periodontal disease may respond poorly to dental restorative treatments relative to healthy
people. In addition, habitual tobacco smokers, diabetics, pregnant women and elderly
patients are susceptible to periodontal disease [45–47]. In the present study, patients
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with chronic periodontitis, systemic disease, and smokers were excluded that affects the
periodontal response in such patients as a result of Lumineer treatment. Therefore, further
studies assessing the clinical periodontal parameters and GCF cytokine profile of diabetics
and smokers treated with esthetic lumineer restorations are recommended.

5. Conclusions

GCF levels of pro-inflammatory biomarkers (IL-6 and TNF-α) are indicative of peri-
odontal disease initiation and progression. Adhesive ceramic lumineer treatment showed
a transient increase in GCF IL-6 and TNF-α levels at four weeks of treatment indicating
initiation of gingival inflammation. However, at twenty-four weeks, the IL-6 normalized
to baseline levels, however TNF-α levels remained increased suggesting a sub-clinical
inflammatory response. The clinical periodontal parameters among patients treated with
ceramic lumineers at baseline and twenty-four week follow-up were comparable.

6. Clinical Significance

Lumineers are conservative esthetic indirect restorations, however they are over con-
toured as little or no tooth preparation is performed which may contribute to plaque
accumulation and compromised periodontal health. The study observed that clinical peri-
odontal parameters and GCF cytokine levels of IL-6 and TNF-α among patients treated
with adhesive esthetic lumineer restorations at baseline and twenty-four week follow-
up were mostly comparable. Suggesting that the clinical application of ceramic lumi-
neers for esthetic rehabilitation is a viable option with minimal risks of compromising
periodontal health.
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