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ABSTRACT

Purpose: This study investigated the effects of hyaluronic acid (HA) on peri-implant clinical
variables and crevicular concentrations of the proinflammatory biomarkers interleukin (IL)-
1B and tumor necrosis factor (TNF)-a in patients with peri-implantitis.

Methods: A randomized controlled trial was conducted in peri-implantitis patients. Patients
were randomized to receive a 0.8% HA gel (test group), an excipient-based gel (control
group 1), or no gel (control group 2). Clinical periodontal variables and marginal bone loss
after O, 45, and 90 days of treatment were assessed. IL-1p and TNF-a levels in crevicular

fluid were measured by enzyme-linked immunosorbent assays at baseline and after 45 days
of treatment. Clustering analysis was performed, considering the possibility of multiple
implants in a single patient.

Results: Sixty-one patients with 100 dental implants were assigned to the test group, control
group 1, or control group 2. Probing pocket depth (PPD) was significantly lower in the test
group than in both control groups at 45 days (control 1: 95% CI, -1.66, -0.40 mm; control 2:
95% CI, -1.07, -0.01 mm) and 90 days (control 1: 95% CI, -1.72, —0.54 mm; control 2: 95%
CI, -1.13, -0.15 mm). There was a trend towards less bleeding on probing in the test group
than in control group 2 at 90 days (2=0.07). Implants with a PPD >5 mm showed higher levels
of IL-1B in the control group 2 at 45 days than in the test group (P=0.04).

Conclusions: This study demonstrates for the first time that the topical application of a

HA gel in the peri-implant pocket and around implants with peri-implantitis may reduce
inflammation and crevicular fluid IL-1§ levels.

Trial Registration: ClinicalTrials.gov Identifier: NCT03157193

Keywords: Clinical trial; Dental implants; Hyaluronic acid; Peri-implantitis
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INTRODUCTION

Hyaluronic acid (HA) is a non-sulfated glycosaminoglycan that is highly abundant in the
extracellular matrix of periodontal tissues [1]. Its capacity to absorb water and increase its dry
weight >50-fold (as one of the most hygroscopic substances known) gives the extracellular
matrix a high degree of elasticity and tissue lubrication, favoring gas and molecule exchange
and enabling it to act as barrier against macromolecules, viruses, and bacteria [2]. HA has a
wide range of mechanisms of action, including interaction with nociceptive pain pathways,
modulation of extracellular matrix homeostasis, and cell apoptosis [3]. With regard to its
role in extracellular homeostasis, HA intervenes in tissue repair and healing (inflammation,
granulation tissue formation, epithelium formation, and tissue remodeling) in both
mineralized and non-mineralized tissues and has been proposed as an anti-inflammatory
and anti-edematous agent with no adverse effects [4].

Peri-implantitis is a plaque-associated pathological condition occurring in tissues around
dental implants, characterized by inflammation in the peri-implant mucosa and subsequent
progressive loss of supporting bone [5]. Gingival and peri-implant inflammation destroys the
extracellular matrix of connective tissue by enzymatic heterolysis and increases gingival fluid
levels of glycosaminoglycans: mainly chondroitin-4-sulfate, which is used as marker of active
periodontitis, but also low-molecular-weight (LHW)-HA (0.5-2x10° Da) [6]. LHW fragments
play a role in signaling tissue damage and mobilizing immune cells, while high-molecular-
weight (HMW)-HA suppresses the immune response, preventing excessive inflammation [7].

In addition to clinical and radiological examinations, the measurement of cytokines

in peri-implant crevicular fluid (PICF) may represent a further non-invasive method of
diagnosing implant health and peri-implantitis. A recent systematic review reported that
PICF concentrations of proinflammatory cytokines (interleukin [IL]-1B, IL-6, IL-12, IL-17,
and tumor necrosis factor [TNF]-a) were higher in cases of peri-implantitis than in healthy
implants [8].

Topical treatment of non-keratinized sulcular epithelium was found to deliver high
concentrations of pharmacological agents to the periodontal tissue, gingiva, periodontal
ligament, alveolar bone, and cementum [9]. To our knowledge, the only evidence on the
effects of HMW-HA in peri-implantitis is from a previous publication from our group
regarding a microbiome analysis performed on the same patients analyzed in this study [10],
and a pilot study that evaluated the application of HA as a nebulizing spray [11]. The study
involving the nebulizing spray was performed only in 5 patients and after 15 days of follow-up,
without considering criteria for the diagnosis of peri-implantitis or radiologic assessments.
We therefore designed a randomized controlled clinical trial to evaluate the effects of an
HMW-HA gel on peri-implant clinical variables and on PICF IL-1 and TNF-a concentrations
1year after implant loading.

MATERIALS AND METHODS

Subject population

A double-blinded, controlled, randomized clinical trial was designed with 3 parallel groups,

including 104 implants placed in 63 patients and diagnosed with peri-implantitis at a private
oral surgery clinic in Granada, Spain. All patients who met the inclusion criteria were asked
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to provide written informed consent, and the study was approved by the Ethics Committee in
Human Research of the University of Granada (reference No. 589, 28/04/2011). All methods
used were in accordance with the Helsinki Declaration of 1975, as revised in 2013. The study
protocol was registered at clinicaltrials.gov (NCT03157193; May 17, 2017) and was designed
following CONSORT guidelines [12].

Effect of hyaluronic acid on peri-implantitis

Inclusion and exclusion criteria

The inclusion criteria for the study were: age >18 years and diagnosis of peri-implantitis

in implants at 21 year since loading according to the criteria of the Association of Dental
Implantology (ADI) (probing pocket depth [PPD] 24 mm, bleeding on probing, and
radiological marginal bone loss (MBL) >2 mm) [13]. The exclusion criteria were consumption
of antibiotics or anti-inflammatories in the previous 4 weeks, pregnancy or breastfeeding,
the presence of cancer, and previous treatment for peri-implantitis. All implants were 1-stage
surgery Tapered Swiss Plus® models (Zimmer Dental, Barcelona, Spain) with a conical
design, 2.6-mm machined neck, inner connection, and microtextured surface, which were
placed at the bone crest level by the same surgeon (Elena Sanchez-Fernandez).

Sample size calculation

Implants were the unit of analysis. The sample size (of implants) per group was calculated
using Sample Power 2.0 (SPSS Inc., Chicago, IL, USA) to detect a standardized difference of
0.80 with 80% power and 5% alpha error (a substantial difference according to the Cohen
scale [14]) using the Student's #test for independent samples. This approach is useful when
there is no clear or definitive gold standard to define a clinically significant change, and the
reference is therefore the Cohen scale for the standardized difference between 2 groups

for any output variable of interest. A sample size of 25 implants per group was estimated

for some of the quantitative outcome variables (e.g., cytokine concentrations and PPD),
which was increased to 30 implants/group after applying a coefficient (design effect) of 1.2

to account for the clustering of implants in patients. Assuming an average of 2 implants per
patient, this was considered equivalent to 15 patients per group, and a minimum final patient
sample size of 20 per group was established to compensate for possible missing data. It
should be kept in mind that these variables should all be considered as proxy variables for the
primary outcome of periodontal inflammation.

Randomization and group allocation

Patients meeting the eligibility criteria were consecutively enrolled and randomly assigned to
1 of the following 3 groups by using a computer-assisted block randomization method until
the sample size was reached. Sequentially numbered containers with the study products were
provided by Ricerfarma srl (Milan, Italy). Random allocation of the containers was performed
using a randomization list balanced for the 3 groups created with SAS (SAS Institute, Cary,
NC, USA). The examiner who gathered all clinical data and the patients from the test group
and control group 1 were blinded in this process, but the patients in control group 2 were not,
since they did not receive any product.

Test group: These patients received, in the dental office, a single application by syringe of 0.8%
HMW-HA gel (crosslinked HA, 6-7x10° Da, Ricerfarma stl) in the peri-implant pocket and
around the implant, followed by application of the same gel (at a 0.2% concentration) by the
patient at home, massaging the gingiva around the affected implant(s) 3 times per day for 45
days, always after tooth-brushing, followed by a 20-minute period without eating or drinking.
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Control group 1: The patients applied an exopolysaccharide (galactomannan) hydroxypropyl
guar gel 3 times per day for 45 days only at home, without application in the dental office.
This product is a viscous and insipid gel similar to that used in the test group.

Effect of hyaluronic acid on peri-implantitis

Control group 2: These patients received no topical application of any compound, either in
the dental office or at home.

Clinical, radiological, and biochemical variables

Data were gathered on the age, sex, smoking habit (cigarettes per day), and alcohol
consumption (g/day) of patients and on the length, diameter, location, and type (unitary or
abutment) of implants, as well as the time since implant loading (in months).

A PCPUNC 15 manual probe (Hu-Friedy, Chicago, IL, USA) was used to determine the PPD

at 4 implant sites (mesial, vestibular, distal, and palatal/lingual), clinical attachment (CA)
loss, and peri-implant bleeding [15]. The reference point for measuring CA loss was the most
coronal transmucosal portion of the implant (machined neck), at the boundary between

the implant and the prosthesis, until the deepest point of the exposed intra-osseous rough
surface. The examiner (Elena Sanchez-Fernandez) was blinded to the group membership of
patients. An inter-examiner agreement of 80% was obtained for the agreement betweenElena
Sanchez-Fernandez and the reference researcher (Francisco Mesa) in a sample of 10 implants,
accepting a variability of +1 mm for PPD and CA loss.

Periapical radiovisiography was used to determine the MBL, employing a radiological positioner
(XCP Endokit, Dentsply Rinn, Long Island City, NY, USA) to achieve parallelism. The mesial
and distal distances between the marginal bone crest and the implant rough surface (under

the 2.6-mm machined neck) were obtained from X-rays using a digital image analysis program
(Image J°v.1.48, National Institutes of Health, Bethesda, MD, USA) [16]. The image analysis
software was calibrated using the known implant width, and calibration of the examiner
(Antonio Magan-Fernandez) was based on the repetition of 10 measurements (mesial and distal
in 5 implants) after a 15-day interval, obtaining within-examiner agreement of >80%.

Crevicular fluid samples were gathered by Mombelli's technique [17], placing 4 paper tips (No.

30) in the deepest peri-implant pocket for 20 seconds. The paper tips were then introduced into
an Eppendorf tube with 200 L of phosphate-buffered saline (PBS) and a protease inhibitor
(Sigma-Aldrich, St. Louis, MO, USA) and frozen at ~70°C for subsequent quantification of

the proinflammatory cytokines IL-1f and TNF-a in units of pg/mL by the enzyme-linked
immunosorbent assay (ELISA) technique (Quantikine ELISA Kit, R&D Systems, Minneapolis, MN,
USA), following the manufacturer's recommendations. For this purpose, 100 uL of PBS solution at
PH 7.4 containing supernatant from each sample were placed into a sterile multiwell with 20-200
pL micropipettes (Finnpipette, Thermo Fisher Scientific, Waltham, MA, USA) at room temperature
and shaken for analysis by ELISA. Two replicates per sample were established, and to extrapolate
the densitometric values to pg/mL, a standard curve was established for each cytokine. The optical
density of each well was determined after 30 minutes, using a microplate reader at 450 nm (Vircell,
Granada, Spain). The values were expressed as pg/mL in the samples obtained after 20 seconds.

Clinical and radiological variables were evaluated at baseline, 45 days, and 90 days, while
biochemical variables were assessed only at baseline and 45 days. At 90 days, implants with
bleeding on probing were treated by removing biofilm from the peri-implant pocket with
Teflon curettes and performing subgingival irrigation with 0.2% chlorhexidine, followed by
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mouthwashes with chlorhexidine every 12 hours [18]. The most severe cases were treated
with flap surgery and bone regeneration combined with systemic antibiotic treatment with
250 mg of metronidazole and 500 mg of amoxicillin 3 times/day for 7 days [19].

Statistical analysis

SPSS version 20 (IBM Corp., Armonk, NY, USA) was used for descriptive analyses (means,
standard deviation, and percentages) and to analyze patient data, while SUDAAN version

7.0 (RTI, Research Triangle Park, NC) was used to analyze data on implants through the
DESCRIPT procedure (#test), in order to correct for clustering (multiple implants within a
single mouth). The specific tests used are reported in the footnotes to the Tables. We used
the a priori contrast approach, which in this context implies performing 3 paired comparisons.
This approach made it possible to avoid penalizing the reader interested only in a single
comparison [20]. We did not test for normality or homoscedasticity, since our sample size
(number of implants) per group was larger than 30, and the #test is known to be robust (i.e.,
it is not very strongly affected by non-normality or non-homoscedasticity) [21]. This allowed
us to present data in their original scales, which are interpreted more easily.

Although the ADI criteria were followed for the case definition of peri-implantitis, more strict
criteria of peri-implantitis, according to Renvert et al. [22], were also applied (PPD >5 mm).
The resulting subgroup was also analyzed in order to focus on moderate and severe cases.

Samples were collected from 100 implants for cytokine analyses, but data were missing

for 12 implants at baseline and for 13 other implants at 45 days. For the missing values, the
meanztstandard deviation concentration of the cytokine in question was calculated for each
group (test, control 1, and control 2), and SPSS was used to generate 3 series of random
normally distributed data with the same means and standard deviations, which were then
sequentially adopted as the missing values.

RESULTS

Of the 63 patients (104 implants) initially enrolled in the study, 2 were lost to follow-up (1 patient
from control group 1, who forgot to use the placebo gel, and 1 patient from control group 2,

who discontinued the study voluntarily without performing follow-up analyses). The study
period lasted from September 2014 to January 2016, leaving a final study sample of 61 patients
with 100 dental implants: 21 (32 implants) in the test group, 20 (32 implants) in control group

1, and 20 (36 implants) in control group 2. Table 1 reports data on sociodemographic variables,
oral habits, and baseline implant variables. The test group included only 1 smoker (10 cigarettes
per day), control group 1 contained 3 smokers (20, 25, and >45 cigarettes per day), and control
group 2 included 3 smokers (15, 20, and 20 cigarettes per day), although there was no statistically
significant difference in consumption of cigarettes per day among the groups (2=0.18).

Table 2 lists data on clinical and radiological peri-implant variables. All implants showed
bleeding on probing at some site at baseline (a peri-implantitis diagnostic criterion);

the greatest reduction in bleeding was observed in the test group at 45 and 90 days, and

the difference with control group 2 was borderline significant at 90 days. A statistically
significant difference in PPD between the test group and control group 1 was found at 45 and
90 days (P<0.01). At both 45 and 90 days, the MBL decreased in the test group and increased
in the 2 control groups, but the difference was not statistically significant.
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Baseline characteristics of patients (n=61) and implants (n=100)

Variable Test (n=21) Control 1 (n=20) Control 2 (n=20) P value

Patient variables 21 20 20
Female (%) 66.7 55.0 65.0 0.719
Age range (years) 43-81 54-79 29-78
Age 609 647 58+13 0.20"
Implants 1.52+0.60 1.60+0.50 1.80+0.62 0.29"
Smokers 210 cigarettes/day 1(4.8) 3(15.0) 3(15.0) 0.189
Cigarettes/day 0.48+2.18 4.50+11.80 2.95+5.57 0.249
Brushing (times/day) 2.6+0.5 2.3+0.6 2.4+0.8 0.37
Mouthwash (% yes) 42.9 40.0 40.0 0.98%
Bruxism (% yes) 19.0 10.0 15.0 0.729
Splint for bruxism (% yes) 4.8 0.0 0.0 0.389
Clenching (% yes) 23.8 20.0 20.0 0.94%
Splint for clenching (% yes) 4.8 0.0 0.0 0.389
Diabetes (% yes) 4.8 10.0 5.0 0.75%
Hypertension (% yes) 28.6 20.0 5.0 0.149
Osteoporosis (% yes) 14.3 20.0 5.0 0.36%

Implant variables 32 32 36
Months since loading 89+51 10145 76+41 0.219
Unitary (%) 34.4 18.8 19.4 0.339
Prosthesis pillar (% yes) 65.6 81.3 80.6 0.339
Diameter (%; 3.7-4.1-4.8 mm) 69-28-3 47-50-3 58-25-17 0.24°9
Length (%; 8-10-11-12-14 mm) 6-50-3-41-0 0-44-0-50-6 0-53-0-39-8 0.459
Upper jaw (%) 56.3 81.3 83.3 0.119

Values are presented as mean=standard deviation or number (%).
The X2 test; PAnalysis of variance; 9P values corrected for clustering (multiple implants within a single patient) with the REGRESS procedure in SUDAAN version
7.0; 9P values with the LOGISTIC procedure in SUDAAN version 7.0; ®P values with the CROSSTAB procedure in SUDAAN version 7.0.

Clinical and radiological variables of implants (n=100) from patients (n=61)

Variable Test (n=32) Control 1 (n=32) Control 2 (n=36) Contrasts (P value)®
A-B A-C B-C
Bleeding on probing (%)
Baseline 100 100 100 - - -
45 days 15.6 28.1 33.3 0.30 0.2 0.68
90 days 15.6 28.1 38.9 0.29 0.07 0.43
Probing depth (mm)
Baseline 3.62+0.83 4.21£1.14 3.67+0.72 0.05 0.78 0.08
45 days 3.08+0.85 3.79+1.00 3.35+£0.72 0.01 0.22 0.10
90 days 2.97+0.64 3.63£1.01 3.25+0.78 0.01 0.16 0.18
Clinical attachment loss (mm)
Baseline 4.06+1.40 4.37+1.32 3.74+0.76 0.44 0.29 0.06
45 days 3.52+1.45 3.95+1.17 3.41+0.74 0.24 0.74 0.06
90 days 3.45+1.49 3.79+1.24 3.29+0.75 0.39 0.61 0.1
Marginal bone loss (mm)
Baseline 3.41£1.66 3.56+2.01 3.40+0.91 0.77 0.98 0.7
45 days 3.40+1.63 3.65£1.99 3.41£0.87 0.61 0.97 0.57
90 days 3.39+1.70 3.66+2.04 3.43+0.89 0.60 0.92 0.60

Values are presented as mean+standard deviation.
ap values corrected for clustering (multiple implants within a single patient) with the DESCRIPT procedure in SUDAAN version 7.0.

Table 3 exhibits a comparison of IL-1p and TNF-a concentrations for all studied implants and
for those with a PPD >5 mm at baseline. The mean baseline concentration of both cytokines
was very similar among the study groups. Among those with a PPD >5 mm, a significantly
greater reduction (£=0.04) in IL-1B concentrations was observed at 45 days in the test group
than in control group 2. The mean difference in IL-1§ concentrations at 45 days between the
test group and control group 2 was =51 pg/mL (95% CI, =98, -3 pg/mL). No other statistically
significant difference in IL-1B or TNF-a. concentrations was observed among the groups.
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Peri-implant crevicular fluid cytokine levels (pg/mL in a 20-second sample) of implants (n=100) from patients (n=61)

Variable Test (n=32) Control 1 (n=32) Control 2 (n=36) P value?
A-B A-C B-C
All 32 32 36
IL-1B at baseline 74+91 77+95 74+81 0.91 1.00 0.89
IL-1B at 45 days 65+77 66+65 84+92 0.95 0.37 0.41
TNF-a at baseline 0.31+0.39 0.35+0.30 0.32+0.31 0.74 0.91 0.76
TNF-o at 45 days 0.16+0.40 0.22+0.45 0.24+0.37 0.64 0.40 0.83
PD baseline 35 mm 18 28 21
IL-1B at baseline 6167 82+100 65+66 0.46 0.84 0.53
IL-1B at 45 days 49+47 65+68 100+96 0.40 0.04 0.20
TNF-a at baseline 0.30+0.33 0.39+0.30 0.34+0.30 0.39 0.71 0.56
TNF-a at 45 days 0.13+0.40 0.21+0.46 0.28+0.45 0.58 0.26 0.61

Values are presented as mean+standard deviation.

IL: interleukin, TNF: tumor necrosis factor.

ap values corrected for clustering (multiple implants within a single patient) with the DESCRIPT procedure in SUDAAN version 7.0.
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DISCUSSION

In this study, the topical application of HMW-HA in patients with peri-implantitis reduced
inflammation and PICF concentrations of the proinflammatory cytokine IL-1p in comparison
to a non-placebo control group (control group 2).

We were unable to identify any earlier publications on the topical application of HMW-HA in
peri-implantitis except for the study by de Aratjo Nobre et al. [23], who compared the effects
of HA and chlorhexidine during the first 6 months on immediate-loading implants, following
the “all on four” technique. They reported that better bleeding scores were obtained with
HMW-HA in the short term, but better plaque and bleeding scores were achieved with
chlorhexidine in the long-term. Regarding the microbiological effects of HMW-HA, recent
results from a microbiome study performed in samples from our project have shown for the
first time that HMW-HA reduced the relative abundance and diversity of peri-implantitis-
related microorganisms, with special focus on early colonizing bacteria, suggesting that
HMW-HA exerts a preventive action against bacterial colonization in the early stages of the
disease [10]. Topical HMW-HA treatment has been more widely studied in the setting of
periodontitis, and a systematic review by Casale et al. [9] of 3 studies on gingivitis and 13 on
chronic periodontitis (including application alone or in association with scaling and root
planing, flap surgery, and/or bone regeneration) concluded that the topical use of HA has
beneficial effects in patients with chronic inflammatory gingival and periodontal disease.

HMW-HA is known to possess anti-inflammatory activity, which is well documented in
osteoarthritis, with reported effects including a dose-dependent reduction in IL-la-induced
levels of prostaglandin E, (a potent vasodilator molecule) [24], a reduction of TNF-a levels

in atrophic canine cartilage 3], inhibition of IL-1f and matrix metalloproteinase protein
(MMP)-3 expression in an animal model of osteoarthritis [25], and inhibition of the
expression and production of MMP-1 and MMP-3 in IL-1B-stimulated synoviocytes in humans
[26]. HMW-HA has been reported not to penetrate the stratum corneum of skin; however,
the gingival mucosa differs from the skin in 2 key ways: the stratum corneum is thinner in
keratinized and/or parakeratinized oral mucosa (2-3 cell layers vs. 25-30 in skin), and the soft
wall of the peri-implant pocket is not keratinized. Hence, the topical application of HA has
proven more effective to achieve high concentrations in the oral mucosa in comparison to its
systemic administration [9].
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Bleeding on probing was recorded in all participants at baseline, as an inclusion criterion. A
greater reduction was observed in the test group than in control group 2 at 45 and 90 days, and the
difference at 90 days was close to statistical significance (2=0.07). Fibrinolysis is closely related

to the pericellular proteolysis observed in inflammation. The intra-articular administration of
HA was found to attenuate the fibrinolytic activity mediated by urokinase-type plasminogen
activator factor and its receptor [27]. Wang et al. [28] studied the influence of HMW-HA on the
gene expression of various inflammatory cytokines by human fibroblast-like synoviocytes in a
wide sample of patients with early-stage osteoarthritis. They reported the downregulation of
TNF-q, IL-8, and inducible nitric oxide synthase in fibroblast-like synoviocytes and proposed that
these effects may be mediated by the interaction of CD44 and HMW-HA. CD44, a cell-adhesion
molecule that is ubiquitously expressed in leukocytes and parenchymal cells, has been implicated,

Effect of hyaluronic acid on peri-implantitis

together with its ligand hyaluronan, in several inflammatory diseases. In addition, blocking

the CD44 receptor with anti-CD44 antibody inhibited the downregulatory effects of HMW-HA

on gene expression [29]. Isoforms of the CD44 receptor are involved in the initial binding of
leukocytes to endothelial cells activated by inflammatory processes [30] and in the extravasation
of lymphocytes from blood vessels [31]. This may suggest that the CD44 signaling pathway plays
amajor role in inflammation regulation by HMW-HA. In a previous paper, our group found a
significant reduction in inflammatory infiltrate in topical HMW-HA-treated versus placebo-
treated quadrants in periodontal patients. This effect was explained by 2 mechanisms: reduction
of the expression of proliferation antigen Ki-67 in inflammatory cells in the lamina propria, and
blocking of CD44 receptors via their HA ligand [32]. A further possible explanation of the effect of
HMW-HA on PPD and CA may be the increased volume of the lamina propria due to the hydration
that results from greater water retention. Similar results have been reported in non-surgical
periodontal therapy by a recent meta-analysis, which found greater improvements in PPD, CA,
and bleeding on probing when patients were treated with HA as a coadjutant. However, a high risk
of bias in most studies and great heterogeneity were found [33].

Radiological MBL measurements remained stable at 45 and 90 days in the test group,

but increased in the control groups, although the differences did not reach statistical
significance. This may be attributable to the effects of HMW-HA on inflammation and IL-13
or to the length of the follow-up period, which may have been too short for the observation of
bone formation. Therefore, the product may need to be applied for a longer follow-up period.
A prior study found that the application of HMW-HA in extraction sockets yielded higher
bone formation in those treated with HMW-HA at 45 days, but this difference disappeared at
90 days [34]. Furthermore, in this study, HMW-HA was not directly applied to bone defects,
but to the peri-implant pocket and gingival tissue, potentially making it more difficult for
HMW-HA to arrive to the defect.

Proinflammatory cytokines (IL-1B, TNF-a, IL-6, IL-17, and IL-12) and matrix metalloproteinases
(MMP-8 and MMP-9) play an important role in the onset and progression of inflammatory
diseases either directly by causing tissue destruction, or indirectly by activating
immunoinflammatory cells. IL-1B and TNF-o are the most important cytokines in osteoclast
formation and bone resorption. Cytokine detection in PICF has become a frequently used non-
invasive method to diagnose peri-implantitis [35]. A recent systematic review comparing PICF
cytokine concentrations between healthy implants and those with peri-implantitis reported
that concentrations of proinflammatory cytokines (IL-1f, IL-6, IL-12, IL-17, and TNF-a) were
consistently higher in peri-implantitis cases, while the concentrations of anti-inflammatory
cytokines and RANKL/osteoprotegerin showed inconsistent patterns. The authors concluded
that proinflammatory cytokines, especially IL-1B, are the most promising proteins for
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utilization as PICF markers to diagnose peri-implantitis [8]. Among the present patients with
more severe lesions (PPD >5 mm), PICF IL-18 concentrations were significantly lower at 45
days in the test group than in control group 2. A higher reduction in TNF-a concentrations
was also observed in the test group (0.17 pg/mL) than in control group 2 (0.06 pg/mL) at

45 days, but statistical significance was not reached. These differences were not observed
among less severe cases (PPD <5 mm), suggesting that HA has a stronger effect in more severe
inflammatory lesions. Duarte et al. [8] described PPD as a key parameter of disease severity
that may directly influence proinflammatory cytokine concentrations. Recent case definitions
of peri-implantitis do not include PPD as a criterion, such as the one from the Eighth
European Workshop on Periodontology [36], and there is considerable heterogeneity in the
PPD thresholds used in the literature [37]. Our results contribute to increasing evidence that
peri-implant PPD >5 mm is also a sign of peri-implantitis, as recently shown by the latest case
definition of peri-implantitis by the 2017 World Workshop on the Classification of Periodontal
and Peri-Implant Diseases and Conditions [5].

Although there were fewer smokers in the test group than in the control groups in this trial,
the difference was not statistically significant. The role of tobacco as a confounder is not
clear in this context, with recent studies finding that smoking has no effects on the volume
of crevicular fluid or on its cytokine concentrations [38]. The baseline PICF IL-1p and TNF-a
concentrations were very similar in our 3 study groups (Table 3). PICF concentrations (in pg/
mL) rather than volumes were analyzed in the present study, as recommended [8].

The limitations of the present study include its short follow-up, which did not allow us to observe
potential effects on the MBL, and the difficulty of generalizing the results outside the studied
population. All implants in the present study were of the same type. For this reason, further
research using different implants is warranted to validate our findings. The reduction in bleeding
in the control groups may be attributable to the Hawthorne effect, through improvements in
hygiene habits in all patients caused by the awareness of being enrolled in the trial.

It is possible that the act of massaging the peri-implant gingiva offered a benefit in addition
to the effect of the HA gel, given that some improvements, although not significant, were
also observed in patients using the placebo. This fact may also be explained by the physical
barrier effect exerted by the gel, which acted as a coating agent and prevented reinfection

of the peri-implant site. The compound used, hydroxypropyl guar, is frequently utilized as a
thickening vehicle in cosmetics and pharmacy and has no known biological effects on skin
or mucosa. Data were missing for cytokine levels in some samples due to contamination or
technical failure, although a statistical technique was applied to assign values in these cases.
After a sensitivity analysis, significant differences were still shown in the levels of IL-1B at 45
days between the test group and control group 2 (£<0.01) (data not shown).

This study demonstrates for the first time that the topical application of HA in peri-
implantitis may reduce inflammation and PICF levels of IL-1B. This is the first report to

indicate that HMW-HA may be an effective therapeutic option, alongside plaque removal
measures, to control the progression of this disease.
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