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Abstract: Hyaluronic acid (HA) has anti-inflammatory and anti-edematous effects and, thus, could be
promising in the treatment of oral lichen planus (OLP). The aim of the study was to evaluate the effects
of topical hyaluronic acid, compared to placebo, on salivary levels of calprotectin, interleukin-6 (IL-6),
and bacteria, as well as clinical and subjective parameters. Fourteen patients with confirmed OLP
were included. After random selection, patients started with either 0.2% hyaluronic acid or a placebo
gel for 6 weeks. Following a wash-out period, the groups changed the application. Whole saliva,
clinical parameters, and questionnaires were evaluated before and after the intervention, as well
as after the crossover phase. Salivary calprotectin, IL-6, and inflammation-related bacteria were
determined by ELISA and PCR, respectively. There were no significant differences in clinical or
subjective outcome parameters, salivary levels of IL-6, calprotectin, or bacteria after the application of
hyaluronic acid, compared to placebo. However, only nine patients completed the study, as five out of
seven patients starting with placebo were lost to follow-up. Significant effects of HA on inflammatory
mediators and clinical parameters in OLP patients could not be proven, although a trend in clinical
severity improvement could be observed.
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1. Introduction

Oral lichen planus (OLP) affects around 2% of the adult population, with a higher prevalence in
women [1]. Diagnosis is based on clinical appearance and histopathology [2]. OLP is considered an
inflammatory mucocutaneous disease; however, the mechanisms are not entirely clarified. A genetic
(HLA-DR?2) background and infection as a predisposing or provoking factor are considered to be
involved in the pathogenesis of OLP [3].

Patients often suffer from pain or burning sensations, and from psychosocial impairment linked
to anxiety and the burden of a chronic, and potentially malignant, disease, even if the malignant
transformation is only in a small subset of OLP patients (around 1.1%) [4]. Especially erosive oral
mucosal conditions radically affect oral health-related quality of life, and are accompanied by a
high frequency of psychological problems [2]. Pathognomonic reticular lesions (Wickham striae) are
usually discovered incidentally during routine intraoral examination, and are mostly asymptomatic.
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However, erosive lesions may cause considerable discomfort, affecting quality of life and leading
patients to seek medical care [5].

Depending on the severity of the clinical symptoms, various therapeutic options have
been described: the first line, mainly symptomatic treatment targeting the alleviation of pain
and erythema, is topical corticosteroids (TCS), which can be recommended as safe, efficacious,
and cost-effective. Although TCS is usually successful, it has side-effects, including candidiasis,
burning, or stinging sensation, mucosal atrophy, bad taste, nausea, sore throat, and dry or swollen
mouth. However, a superior effectiveness of topical corticosteroids, compared to other therapeutics,
has not been corroborated in systematic reviews [6].

For steroid-refractory OLP, there is a plethora of alternative topical treatment approaches.
Evidence-based local treatments, as supported by randomized controlled trials (RCTs),
comprise macrolide immunosuppressants (tacrolimus, pimecrolimus, cyclosporine A), retinoids,
and low-level laser therapy [7,8]. In addition to standard protocols, systemic strategies with
immunosuppressants or immunostimulants are well supported by research [9-14].

To minimize side effects, such as burning sensations, fungal infections [15,16], or risk of
potentially malignant transformation [17-19], nutraceuticals with anti-inflammatory/antioxidative
properties (e.g., aloe vera, honey, curcumin) have been investigated in RCTs with promising,
but inconclusive, results [7,8,20,21].

Hyaluronic acid (HA), a naturally occurring glycosaminoglycan with high molecular weight, is a
promising novel alternative agent to immunosuppressants. It is a major component of the extracellular
matrix, and present in various body fluids. Its major features are a high hygroscopicity and viscoelasticity.
Due to its anti-edematous, anti-inflammatory, bacteriostatic, fungistatic, and pro-angiogenetic
properties, it has been shown to promote wound healing in several tissues, and, therefore, could be
topically used in OLP [22-24]. Beneficial effects of HA in OLP have already been reported in recent
studies [24] focusing mainly on subjective outcome parameters, such as the visual analogue scale (VAS)
and clinical appearance [24-27].

Therapeutic interventions could also be monitored by the determination of various biomarkers
possibly related to the pathogenesis of OLP. The pro-inflammatory cytokine interleukin-6 (IL-6) is
thought to be of major pathobiological importance in OLP; therefore, it was shown that salivary IL-6
might represent a useful diagnostic and therapeutic biomarker in OLP [28]. Calprotectin, a protein
released during inflammatory conditions by activated polymorphonuclear leukocytes, monocytes,
and macrophages, was shown to be increased in the saliva of OLP patients, and might be also used as
a monitoring marker [29,30].

The aim of the present study was to evaluate effects of topically applied HA in OLP patients on
inflammation-related biomarkers and bacteria in saliva, as well as clinical appearance and subjective
outcome parameters.

2. Materials and Methods

This was a single-center, prospective, double blind, and placebo-controlled, randomized,
crossover study according to the principles stated in the Declaration of Helsinki. Ethical approval
was obtained from the Ethics Committee of the Medical University of Vienna (EK Nr.1585/2012) and
the Austrian Agency for Health and Food Safety Ltd. (AGES). All patients gave written consent
for their participation. Patients were eligible if they had (1) the diagnosis of a symptomatic oral
lichen planus (OLP) and were not undergoing therapy, (2) confirmation by histopathology and direct
immunofluorescence assay, (3) dentures which were correctly fitting, (4) a minimum of 18 years
of age, and (5) no nicotine abuse (cigarettes, cigars, chewing tobacco, or snuff). Exclusion criteria
were malignant transformation, severe histopathologic dysplasia, carcinoma in situ, severe vitamin
deficiency, pregnancy, age below 18 years, lactation period, nicotine abuse, the use of another therapeutic
agent for OLP (e.g., corticosteroids, calcineurin inhibitors), the presence of asymptomatic OLP, or an
oral mucositis of other origin (e.g., drug intake).
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2.1. Patient Recruitment, Gel Application, and Saliva Sampling

The study was carried out at the University Clinic of Dentistry, Medical University of Vienna,
Austria. Patients were recruited from the outpatient and inpatient clinic for mucosal diseases
of the Division of Oral Surgery (Table 1). Diagnosis of OLP was made according to clinical
appearance; lesions were documented by photographs, and confirmed by histopathology and direct
immunofluorescence analysis. The gentle removal of the tissue sample for the histopathologic diagnosis
and execution of direct immunofluorescence assay was performed by a single specially-trained surgeon
(GD). A specialist (KR) in immune dermatology and mucosal histopathology performed these analyses.
Sample size calculation was based on previous studies [31].

Table 1. Patients included in the study at baseline clinical severity score (CSI), visual analogue scale
(VAS), plaque index maximal value (PImax), gingival index highest value (GImax), Oral Health Impact
Profile summary score German version (OHIP-G).

Treatment Gender  Age CSI  VAS PImax GImax OHIP-G
HA f 71 2 4.8 2 2 71
HA m 33 2 1.1 2 1 36
HA f 48 2 5 1 1 53
HA m 49 1 2.5 1 2 37
HA f 18 3 2.5 1 2 30
HA f 37 1 1.7 1 2 47
HA f 47 2 0.5 2 2 30

Placebo f 59 1 2.5 2 1 38
Placebo f 71 4 2.5 2 1 30
Placebo f 63 5 4 1 3 98
Placebo m 48 1 0.5 1 1 9

Placebo m 44 3 2.5 2 2 25
Placebo m 71 1 0.5 3 2 0

Placebo m 62 3 0.5 2 2 41

After obtaining informed consent, allocation to therapy was assigned by permuted block
randomization to either group HA!®, starting with hyaluronic acid (HA), or group P!*t, beginning with
placebo. To eliminate bias, the order of placebo and hyaluronic acid treatment was randomized.
Hyaluronic acid gel 0.2% (Bloxaphte®, Ricerfarma, Milano, Italy) was packed in neutral brown flasks
containing 4 g of fluid to be used three times daily for two minutes, without drying the area before
application. The placebo (methylcellulose 400) was packed in neutral brown flasks containing 4 grams
of fluid to be used in the same manner. Patients changed therapy after 6 weeks, with a wash-out phase
of 48 h in between therapies. Both patients and investigators were blinded to treatment.

Stimulated whole saliva was collected to perform bacterial and biomarker measurement according
to a previous protocol for saliva analyses [32]. Patients were advised to refrain from intake of any food
or beverage (water exempted) one hour before the test session. Smoking, chewing gum, and intake of
coffee were also prohibited during this hour. Before sampling, patients were advised to rinse their
mouth several times with deionized water and then to relax for five minutes. Unstimulated whole
saliva was collected first for the determination of salivary flow (average 5 min) and pH [33]. pH was
subsequently measured with conventional pH strips. The study participants then rinsed their mouth
with an acidic extraction solution for stimulated whole saliva collection (Saliva Collection System,
Greiner Bio-One, Kremsmuenster, Austria). All clinical procedures were performed by one trained and
calibrated person (MM).

2.2. Outcome Parameters

The following outcome parameters were evaluated at the beginning, after 6 weeks, and after
12 weeks: total amount and pH of saliva; the salivary markers calprotectin and interleukin-6
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measured by ELISA assays (S100A8/A9, Buehlmann, Schoenenbuch, Switzerland for Calprotectin;
Human IL-6 Quantikine HS ELISA Kit #HS600B, R&D Systems, Minneapolis, MN, USA for
IL-6). Periodontopathic bacteria Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis,
Tannerella forsythia, Treponema denticola, Prevotella intermedia, Parvimonas micra, Campylobacter rectus,
Eubacterium nodatum, Eikenella corrodens, Capnocytophaga species, and Fusobacterium nucleatum were
determined by 16S ribosomal RNA-based polymerase chain reaction (ParoCheck®, Greiner Bio-One,
Kremsmuenster, Austria) according to the protocol used in previous studies [34].

For clinical parameters, the Clinical Severity Index (CSI) [35] for the differentiation of the area
affected by OLP, a gingival index (GI) [36], and a plaque index (PI) [37] for the assessment of gingival
inflammation and plaque deposits, respectively, were evaluated.

Subjective outcome parameters were evaluated as follows:

To analyze oral health-related quality of life, a standardized questionnaire validated in
cross-sectional, as well as longitudinal, studies was used. The Oral Health Impact Profile questionnaire
German version (OHIP-G) contains 53 questions concerning the previous four weeks [38]. Answers are
given on a Likert-type five-point scale (0 = never; 1 = hardly ever; 2 = occasionally; 3 = fairly often;
and 4 = very often). In this analysis, the total summary OHIP-G53 score was utilized, calculated by
summing the score of the answers to each question. Higher scores indicate lower oral health-related
quality of life. Four dimensions (psychosocial impact, orofacial pain, oral functions, and appearance)
serve as principal components of oral health-related quality of life. The dimensions were calculated as
described previously [2].

For measuring pain intensity, a visual analogue scale (VAS), a 100 mm numeric rating scale,
was used; patients can rate their pain on a scale between 0 and 10. Scores of 0 imply “no pain”,
while 10 means the “worst pain imaginable”. A recommendation for interpretation of the ratings
suggest 0 to 4 mm to be read as no pain, 5 to 44 mm as mild pain, 45 to 74 mm as moderate pain, and 75
to 100 mm as severe pain. With this subjective evaluation method, it is possible to compare pain levels
at every visit, to see score changes over time [39].

2.3. Statistical Analysis

According to power analysis based on a power of 80% and a two-sided significance level of 5%
that there will be a significant improvement with therapy, 12 patients should have been included.
The drop-out rate was assumed to be about 10%, thus 14 patients were included.

For a study with a double crossover design, a case number of 12 patients was calculated,
which appears realistic in comparison with similar studies with 13 patients per group [31].

The calculation was carried out with R Version 2.10.1 (R Foundation for Statistical Computing,
Vienna, Austria). The “crossdes” package was used to calculate the number of cases and to create the
design. The function of the MOLS, which is a generalized Youden design, was used for the construction.
In order to be able to reveal with a thickness (power) of 80% and a bilateral significance level of 5% that
there is a significant improvement through the therapies, a case number of 12 patients was calculated.

Parameters were described by initial means and standard deviation, under hyaluronic acid
treatment vs. placebo. Categorical data were described by frequencies and percentages. For differences
between treatment groups of ordinal data, paired Wilcoxon rank sum tests were used. Significance tests
were performed two-sided, and a p-value of <0.05 was considered as significant. Bonferroni correction
was used for multiple testing.

3. Results

Nine out of 14 patients (8 females, 1 male, mean age 48 (18-71) years) complied with the follow-up
and treatment crossover, and completed the study. Five patients, all from the P! group (n = 7) quit
the study because of non-compliance or the use of a different treatment, which was an exclusion
criterion (dropout rate 35.7%). The chance to quit the study was significantly increased in the P!t
group (Fisher’s exact test for count data: OR = o0, 95% CI = 1.4—00, p = 0.021, adjusted p = 0.231).
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3.1. Salivary Parameter

Salivary parameters did not differ significantly concerning the amount (paired Wilcoxon rank sum
test with continuity correction: W = 39, p-value = 0.9314, adjusted p = 1.0) after HA and placebo, nor did
pH (paired Wilcoxon rank sum test with continuity correction: W = 40.5, p-value = 1, adjusted p = 1.0).
Baseline amount of saliva was 1.0 + 0.8 g, which increased by 0.3 + 0.5 g in the HA group and
0.3 + 0.5 g in the placebo group. The baseline pH was slightly sour, with an average value of 6.7 + 0.4,
which decreased by —0.4 + 0.4 in the HA group and —0.4 + 0.8 in the placebo group.

3.2. Cytokine Levels

Salivary IL-6 (paired Wilcoxon rank sum test: V = 4, p-value = 0.7728, adjusted p = 1.0) and
calprotectin (paired Wilcoxon rank sum test: V =17, p-value = 0.5703, adjusted p = 1.0) levels were
not significantly different between the groups. The baseline IL-6 level of 1.6 + 1.6 pg/mL increased by
0.2 + 0.4 pg/mL under HA treatment, and 0.4 + 0.4 pg/mL during control. The baseline calprotectin
levels of 12.9 + 13.2 pg/mL decreased by 3.0 + 18.1 under HA treatment, and 4.0 = 9.7 pg/mL during
placebo (Figure 1).
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Figure 1. Curves indicating the mean clinical severity index (CSI), mean interleukin-6 (IL-6) levels in
saliva, mean Oral Health Impact Profile (OHIP) summary score at the first baseline, cross-over, and last
appointment in the group starting with placebo (p), and in the group starting with hyaluronic acid
(HA), either for 6 weeks and a wash-out period of 48 h in between treatments.

3.3. Periodontal Microbiota

Aggregatibacter actinomycetemcomitans was detectable at an amount of 10% only in one patient
at baseline and after HA. This was the only patient with higher IL-6 values after HA treatment.
Porphyromonas gingivalis was detectable at the amount of 10* in two patients at two different time points,
once at baseline and once after HA treatment. Tannerella forsythia was detectable at the amount of 10*
in one patient at one time point after HA treatment. Treponema denticola was detectable at the amount
of 10* in one patient at baseline only. Prevotella intermedia, Eubacterium nodatum, Eikenella corrodens,
and Parvimonas micra were not identified. Fusobacterium nucleatum was identified in all patients
(10* £ 1.0 ranging from 10% to 10° bacteria); there was no significant (paired Wilcoxon rank sum
test: V =3, p-value = 0.371, adjusted p = 1.0) difference under HA treatment (104.2 + 1.0) or placebo
(104.0 + 1.0). Capnocytophaga species were identified at the amount of 10 in three patients only after
HA treatment.

3.4. Periodontal Parameters

The baseline average GI was 0.8 + 0.3(0.3-1.3), the corresponding baseline PI was 0.4 + 0.3 (0.0-0.9).
There was no significant difference of mean GI change under HA and placebo treatment (Wilcoxon
rank sum test with continuity correction: V = 33, p-value = 0.25, adjusted p = 1.0) or of mean PI change
between HA and placebo (V = 16, p-value = 0.4768, adjusted p = 1.0). The mean GI change was 0.0 + 0.3
under the HA treatment, and —0.1 + 0.4 in the placebo treatment. The mean PI change was —0.1 + 0.3
under HA treatment versus 0.0 + 0.3 under placebo.

3.5. Clinical Severity Index

The baseline CSI of 2 + 1 (range 1 to 4) did not significantly change after HA or placebo
administration, respectively. There was an insignificant (Wilcoxon rank sum test with continuity
correction: V =0, p-value = 0.1489, adjusted p = 1.0) improvement (-0.3 + 0.5) after HA in the CSI,
and no change of CSI after placebo treatment (0.0 + 0.5). In the HA!st (the group starting with hyaluronic
acid), CSI showed an initial improvement, yet dropped back to baseline values after crossover to
placebo. (Figures 1 and 2).
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(F)

Figure 2. Pictures of patients one and two at (A, D) baseline, (B,E) HA treatment, (C F) placebo treatment.

3.6. Pain as Measured by the VAS

The baseline pain level on the visual analogue scale was 2.6 + 1.6. The pain levels slightly
decreased with each appointment, but no significant difference (Wilcoxon rank sum test with continuity
correction: V =9, p-value = 0.7874, adjusted p = 1.0) was observed between HA (—1.4 + 2.2) and
placebo (—1.5 + 2.9) treatment (Figure 3).
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Figure 3. Curves indicating the visual analogue scale values in cm for each patient at baseline

(1st appointment), cross over (2nd appointment), and recall (3rd appointment). P indicates the patients
starting with placebo, and HA indicates the patients starting with hyaluronic acid.
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3.7. Oral Health Impact Profile (OHIP-G53)

The baseline OHIP was 41.3 + 13.7. OHIP decreased by significantly less (Wilcoxon rank sum
test with continuity correction: V = 44, p-value = 0.01269, adjusted p = 0.152) under HA treatment
(OHIP change compared to baseline: —0.4 + 14.6) compared to placebo treatment (OHIP change
compared to baseline: —7.3 + 14.7) (Figure 1). The baseline dimension oral function was 1.8 + 1.8,
which increased by 0.3 + 1.5 under HA treatment and did not change under placebo treatment
(0.0 £ 1.9). There was no significant difference between HA and P (Wilcoxon rank sum test with
continuity correction: V = 8, p-value = 0.345, adjusted p = 1.0). The baseline dimension “orofacial
pain” was 9.8 + 4.9, which dropped by —0.6 + 5.7 under HA and 2.4 + 5.8 under placebo treatment
(Wilcoxon rank sum test with continuity correction: V = 25, p-value = 0.3592, adjusted p = 1.0).
The baseline dimension “psychosocial impact” was 2.8 + 2.6, which did not significantly differ
(Wilcoxon rank sum test with continuity correction: V = 1.5, p-value = 0.269, adjusted p = 1.0) after HA
treatment (0.0 + 1.2) and P treatment (0.6 + 2.1). The baseline dimension “appearance” was 3.8 + 2.1,
which significantly differed between both groups (Wilcoxon rank sum test with continuity correction:
V =26.5, p-value = 0.039, adjusted p = 0.385). The appearance score increased under HA treatment
0.8 + 1.6 and decreased under p treatment —0.4 + 1.9.

4. Discussion

In the present prospective, randomized, controlled study with crossover design, the topical
application of HA had no significant beneficial effect in the treatment of OLP, compared to a placebo.

The first line of medical therapy is aimed at eliminating atrophic and ulcerative lesions,
alleviating symptoms, and eventually decreasing the risk of malignant transformation [5].
New therapeutic modalities have been tested, due to the adverse effects of standard immunosuppressive
treatments. Due to its beneficial properties for tissue regeneration and wound healing, topical HA has
been shown to be a useful adjuvant in the treatment of gingivitis and chronic periodontitis, as well as
during the postoperative period for faster healing and to reduce patients’ discomfort [22]. Data obtained
from a review by Casale et al., comprising 20 clinical studies, demonstrate that regarding tissue repair
and wound healing, topical administration of HA could play a role not only in postoperative dental
surgery, but also in the treatment of patients affected by inflammatory disease, with a significant
improvement in quality of life [40].

These HA-related improvements could not be reproduced in the present study; the findings
considering clinical appearance, pain, and gingival inflammation could not be verified either. Despite its
promising properties, data for the treatment of OLP are scarce and remain conflicting.

Salivary IL-6 was suggested as a diagnostic and therapeutic biomarker in OLP patients [28].
However, although possible confounders (smoking, periodontal disease, caries) were avoided by the
inclusion criteria in our study, we could not observe a meaningful trend of IL-6 in neither the HA nor
in the placebo group. These conflicting results may have several reasons: while some studies reported
IL-6 level changes with types and severity of OLP [41,42], a systematic review found no influence
between patients with erosive OLP and patients with nonerosive OLP [43]. Furthermore, different kits
have been used for salivary IL-6 quantification [44], and most studies for the evaluation of salivary
IL-6 levels have used small sample sizes prone to heterogeneity.

Elevated levels of extracellular calprotectin are present in diverse inflammatory disorders.
This makes it a potential biomarker for inflammation [45,46]. Salivary calprotectin concentration
is positively correlated with the intensity of fungal infection [47] with the presence of Sjogren’s
syndrome [48], with periodontitis and the presence of Treponema denticola [32]. Our findings did not
allow useful comparison or discrimination between groups or treatment phases, although there was
a decrease with HA and placebo. This is somehow surprising, as calprotectin is overexpressed at
sites of inflammation. Accordingly, levels found in stimulated saliva of patients with aggressive
periodontitis [32] or Sjogren’s syndrome [48] were 10° higher than our findings. The sampling
procedure and site of collection may be of major importance [49]. Still, a possible future role as a
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diagnostic marker in OLP patients is underpinned by the fact that for differentiation of bowel diseases,
already-validated commercial tests are available [50].

Two cross-sectional studies found higher amounts of periodontal pathogens in OLP patients
compared to patients with plaque-induced gingivitis, with subgingival sampling method, and suggested
a possible association between periodontal pathogens and OLP [51,52]. In our study, the microbiologic
analysis was performed from saliva, as this has been shown to be a promising alternative [34].
Interestingly, patients in our study presented with amounts of putative pathogens mostly below
therapeutic thresholds before therapy, and levels did not differ significantly between groups.
Hence, it was clear that the inflammatory parameters, I1-6 and calprotectin, did not origin from
microorganisms. Also, the microflora changes under HA treatment, which is antimicrobial, could not
be observed. This is in accordance with the minimal amount of plaque, as measured with PI
Although dental plaque is not the prevalent etiologic factor of OLP, several authors reported
improvement of clinical parameters and severity after plaque reduction [53,54]. In comparison
with other studies [55], patients in our cohort had low levels of gingival inflammation, which did not
change significantly in either study phase (Figure 2).

An improvement in clinical severity was observed in the HA group, which dropped to baseline
levels after placebo treatment, but without statistical significance. In a study evaluating the efficacy of a
0.2% topical hyaluronic acid gel preparation in the management of OLP patients, the test group showed
only transient improvements for up to 4 hours post-application. There were no differences between
treatment groups at any of the time intervals, and HA, as well as placebo, had no effect on the extent and
severity [25]. These data corroborate our findings. In contrast, another placebo-controlled trial, with a
0.2% preparation applied three times a day for 14 days in 25 patients, reported a significant reduction
in the HA group for the degree of erythema on day 14, 21, and 28, but not on day 7. For mean area of
lesion and VAS scores, the difference was significant at all time points [27]. Recently, Hashem et al.
compared the therapeutic effects of a 0.2% HA preparation with triamcinolone (TCS) 0.1% for 28 days,
and reported that both HA and TCS reduced the VAS score, the degree of erythema, and size of the
lesions after treatment, with TCS showing a faster relief [56]. In our study, the pain level improved in
both groups, starting from a level that may be qualified as mild pain. As mentioned before, PI and GI
were low, which corroborates the hypothesis that pain could interfere with oral hygiene procedures,
and thus negatively influence periodontal conditions.

OHIP values of perceived quality of life were better in the placebo group, as well as the subjective
outcome in the dimension “appearance”. However, a high drop-out rate (36%, five out of seven patients)
was observed in the group that started with the placebo treatment. This could be due to unsatisfying
effects of the placebo, which might have led patients to quit the study; however, this hypothesis would
need further clarification. Furthermore, comparison of OHIP-G53 data with results derived from the
use of the OHIP-14 is difficult, also due to a reference time of 4 weeks, in contrast to 3 months in the
English version. However, others were able to show significant improvement of patient quality of life
after treatment using OHIP-14 scores [57,58].

The present study provided a long application period for both HA and placebo, so effects should
become visible. However, half-life of HA is very short, and patients came to recall appointments after
the wash-out period. Hence, the effect could have been of very short time, and a relapse may have
been recorded.

The concentration of HA might be responsible for different clinical effects. Galli et al. evaluated
the efficiency of HA in improving the healing of surgical incisions in the oral cavity, and concluded
that a single dose of 0.8% HA placed over surgical incisions in the oral cavity does not appear to
improve wound healing [59]. In contrast, Yildirim et al. discussed the effect of topically-applied HA on
pain and palatal epithelial wound healing, and found that 0.2% HA gel demonstrated better complete
epithelization results on day 14, compared with 0.8% HA gel [60]. Thus, efficacy studies of different
concentrations of high-molecular HA remain to be evaluated in detailed future studies.
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While some authors related the positive immediate effect on pain in OLP [25] or patients with
oral ulcers to a barrier effect of HA [61], Romeo et al. found no difference in pain perception in
biopsy wounds treated with a gel containing amino acids and 1.33% HA versus no gel, despite faster
healing [62]. Interestingly, proteins essential for lubrication and viscoelasticity were missing in saliva
from OLP patients [63], possibly rendering them more sensitive to the beneficial effects of HA.

One limitation of our study is the high dropout rate and the small sample size. Sample size
calculation took into account previous prospective trials of topical agents comprising similar numbers
of participants [31]. However, the relatively small sample size in the current investigation can be
outweighed by its prospective crossover design, with histologically confirmed OLP cases only [64].
Power calculation had foreseen a drop-out rate of only ten percent. It has to be pointed out that the high
number in the placebo group resulted from the need for alternative treatments (cyclosporine A or topical
steroids) due to unsustainable pain. The improved subjective outcome in the dimension “appearance”
of this group might be due to a positive selection bias as a consequence of spontaneous remission.

For further studies, the ideal composition and concentration of HA should be determined,
and standardized methods for evaluating the severity of the disease, such as cytotomorphometric
analysis, and criteria for determining levels of improvement and patient-centered outcomes should
be established [65]. Protein-based techniques in the past have been used to identify valid
biomarkers for monitoring OLP, especially to be able to predict OLP malignant transformation [63].
Recently, proteomic profiling and a multiplex analysis of whole saliva identified 17 proteins triggering
cytokines in OLP patients [66]. Thus, in the future, more complex methods might be necessary to
reveal pathological functions and disease activity in OLP.
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