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Objective: This randomized clinical trial (RCT) compares the effectiveness of ozone gel (GeliO3) and hyaluronic acid (HA) gel
(Gengigel) in enhancing wound healing and reducing postoperative discomfort following free gingival graft (FGG) harvesting.
Methods: Fifty-six patients requiring FGG for mucogingival defects were randomly assigned into two groups: the ozone gel group
and the HA gel group. The primary outcome was postoperative pain, assessed using the visual analog scale (VAS) and analgesic
consumption. Secondary outcomes included wound healing, evaluated using the Landry healing index, and color match assess-
ment. Data were analyzed using appropriate statistical tests with a significance level of p<0.05.

Results: Both treatment groups exhibited significant pain reduction over time (p <0.001). Although there was no statistically significant
difference between the groups, a faster decline in pain was observed in the ozone group by Day 3. Analgesic consumption was significantly
lower in the ozone group on Days 2 and 3 (p = 0.042). The healing index and color match scores showed a steady improvement in both
groups, with the ozone group demonstrating slightly higher values at various time points, though not statistically significant.
Conclusion: Both ozone gel and HA gel effectively enhanced post-FGG healing, reduced pain, and improved tissue esthetics.
Ozone therapy showed potential advantages in early pain relief and lower analgesic dependence. These findings suggest that ozone
therapy may serve as an alternative or adjunctive treatment for palatal wound management in periodontal surgery. Further
research is needed to confirm its clinical superiority over HA gel.

Keywords: free gingival graft; hyaluronic acid; ozone therapy; pain management; palatal wound healing; periodontal surgery;
wound healing

associated with FGG is donor site morbidity, including
extended healing periods, postoperative pain, and a higher
risk of infection due to secondary intention healing [3].

1. Introduction

Free gingival grafting is a widely utilized procedure in peri-

odontal therapy aimed at improving soft tissue stability,
increasing the band of keratinized gingiva, and enhancing
periodontal health [1]. Initially introduced in the 1960s, this
technique continues to be a preferred approach for gingival
augmentation in both natural dentition and implant cases [2].
Despite its effectiveness, one of the primary challenges

The healing of the palatal donor site progresses through
four distinct stages: hemostasis, inflammation, proliferation,
and maturation [1]. Although oral mucosa typically exhibits
faster healing than skin due to its unique biological properties,
the donor site of an FGG is particularly prone to delayed re-
epithelialization and prolonged inflammation [4]. Several
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methods, including hemostatic agents, platelet-rich fibrin
(PRF), and bioactive gels, have been proposed to accelerate
wound healing and alleviate postoperative pain [5]. Among
these, hyaluronic acid (HA) gel and ozone therapy have
emerged as promising adjuncts due to their regenerative
potential and anti-inflammatory characteristics [6, 7].

HA is a naturally occurring polysaccharide that plays a
critical role in tissue hydration, cell proliferation, and extra-
cellular matrix remodeling. Due to its viscoelastic properties,
HA forms a protective barrier over wound sites, preventing
microbial contamination while expediting epithelialization
[6]. Clinical studies have demonstrated that HA application
significantly reduces postsurgical pain, improves color match
at the donor site, and minimizes inflammation compared to
standard healing methods [6, 8]. Furthermore, HA’s regula-
tory effects on cytokine activity and its ability to promote
fibroblast proliferation suggest that it may contribute to
long-term wound stability, making it a valuable component
in regenerative periodontal therapies [9].

Meanwhile, ozone therapy has been recognized for its anti-
microbial, anti-inflammatory, and oxygenating properties,
which enhance wound healing [7]. Ozone, a triatomic oxygen
molecule (O3), induces oxidative stress that stimulates cellular
metabolism, enhances blood vessel formation, and reduces
microbial load at the wound site. Clinical research has shown
that ozone therapy can significantly decrease pain perception
and promote faster wound closure when compared to conven-
tional periodontal dressings [10, 11]. Additionally, ozone sup-
ports increased oxygenation of tissues, which is essential for
the initial stages of healing, particularly in palatal donor sites
where vascular supply plays a crucial role in tissue regeneration
[11]. Although both HA and ozone therapy have been individ-
ually studied for their beneficial effects on wound healing,
direct comparative clinical evidence evaluating their efficacy
in palatal wound healing post-FGG harvesting remains lim-
ited. The current research aims to close the gap by conducting
a randomized controlled clinical trial to assess the effectiveness
of ozone gel compared to HA gel in promoting the healing of
palatal donor sites. Key clinical parameters, including postop-
erative pain (measured as the primary outcome), wound heal-
ing rate, color match, and patient-reported comfort (measured
as secondary outcomes), were thoroughly analyzed.

2. Material and Methods

The present randomized clinical trial (RCT) enrolled 56
patients, age ranged between 18 and 65 years, with mucogin-
gival defects in need for free gingival graft (FGG). Patients
randomly were assigned into group of two groups: the control
group receiving the HA gel (Gengi gel) and the intervention
group that received Ozone gel (GeliO3). Participants were
selected from the outpatient clinic of the Department of
Oral Medicine and Periodontology at the Faculty of Dentistry,
Cairo University, between December 2022 and February 2025.
The trial protocol was registered on https://www.clinicaltrials.
gov protocol registration on December 26, 2022 (with an
identifier ID: NCT05690100). The research protocol was
approved by the Ethics Committee of the Faculty of Dentistry,
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Cairo University, in November 2022 (Approval Number:11-
10-22). Informed consents were then obtained from all parti-
cipants prior to their inclusion in the study. The trial was
conducted in accordance with the principles of the Helsinki
Declaration of 1975, as updated in 2013, and was reported
following the CONSORT guidelines [12]. The patient inclu-
sion, allocation, follow-up, and analysis process is summarized
in the CONSORT flow diagram (Figure 1).

2.1. Study Population. Exclusion criteria encompassed indivi-
duals who smoked, had diabetes mellitus, were pregnant or
lactating, or suffered from systemic diseases such as hyperten-
sion, autoimmune disorders, hepatic or renal impairments,
and cardiovascular conditions. Patients receiving medications
known to alter wound healing, including corticosteroids,
anticoagulants, and immunosuppressants, were also excluded.
Only systemically healthy, nonsmoking individuals were
included to eliminate potential confounding variables and
ensure uniform healing conditions.

2.2. Sample Size, Randomization, and Blinding. The sample
size was determined based on data from a previous study [6],
assuming a normal distribution of responses within each sub-
ject group with a standard deviation (SD) of 2.27 mm. The
alpha level was set at 0.05, and the power at 0.8, with an effect
size (d) of 1.5 for Student’s ¢-test. As a result, 25 patients were
required per group. To account for a projected 10% dropout
rate after 42 days, the sample size was increased to 28 subjects
per group, totaling 56 participants. The calculation was per-
formed using G-Power software Version 3.1.2 (G Power: sta-
tistical power analysis program, Version 3.1., Heinrich-Heine-
Universitit, Diisseldorf, Germany).

Sequence generation was executed using simple randomi-
zation by a random allocation software by an investigator
(AB) who was not involved in neither recruitment nor treat-
ment procedures. Allocation concealment was conducted by
the same investigator (AB) using sequentially-numbered, opa-
que, sealed envelopes handled to the surgeon (HT) who did
not open them until the beginning of the surgical procedure.
Participants were then assigned to either the Ozone gel
(GeliO3) (test group) or HA gel (Gengigel) (control group).
The outcome assessors (NS) and the biostatistician remained
blinded, while the principal investigator and the patients were
informed of the treatment only on the day of surgery.

2.3. Treatment Protocol. Presurgical Phase; fullmouth profes-
sional mechanical plaque removal (PMPR) was performed
using ultrasonic scalers (Woodpecker UDS-P with LED,
China) and hand instruments such as Gracey curettes, After
Five Gracey curettes, and universal curettes (Hu-Friedy, Chi-
cago, IL, USA). Additionally, rubber polishing pads and pro-
phylaxis paste (Alpha-Pro Prophylaxis Paste, USA) were used
for polishing. The root surfaces were carefully debrided to
ensure a smooth and firm consistency. Patients were provided
with proper oral hygiene instructions, which included brush-
ing twice daily with a soft toothbrush. Chemical plaque con-
trol was also recommended, with the prescription of a 0.125%
Chlorhexidine HCL mouthwash to be used twice daily for
2 weeks.
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FiGure 1: Consort diagram.

2.3.1. Preparation of the Recipient Site. For both study groups,
the recipient site preparation followed the Camargo et al. tech-
nique [13], the site was first assessed, and the required aug-
mentation area was outlined using a periodontal probe or
surgical marker. A horizontal incision was made 1 mm coro-
nal to the cementoenamel junction (CEJ]) of adjacent teeth,
extending at least 3 mm mesiodistally beyond the defect. Two
vertical incisions were then created in an apicocoronal direc-
tion, extending 4-5 mm beyond the mucogingival junction. A
split-thickness dissection was performed using a scalpel or
microsurgical instruments, carefully separating the epithelium
and connective tissue while preserving the underlying perios-
teum. The epithelial layer of the alveolar mucosa was excised,
exposing a vascularized connective tissue bed necessary for
graft revascularization. Any granulation tissue, muscle fibers,
or excessive fibrotic tissue was meticulously removed with
curettes or microsurgical scissors to optimize healing.

2.4. Harvesting the FGG. In both groups, FGG harvesting from
the palate followed the technique described by Zucchelli et al.
[14]. The procedure began with two horizontal incisions,
where the coronal incision was made 2 mm apical to the gin-
gival margin of the adjacent teeth, while the two vertical inci-
sions were created to define the graft area. A 15c blade was
inserted along the coronal horizontal incision at one edge,
perpendicular to the bone. Once the desired graft thickness
of 1-1.5 mm was achieved, the blade’s direction was adjusted
to be parallel to the hard palate and moved mesiodistally to
elevate the graft on one side. This process continued until the
graft was completely detached from the palate, ensuring

uniform thickness while moving apically with the blade.
Care was taken to preserve the palatal periosteum.

After harvesting, the graft was immediately placed on
sterile gauze moistened with saline. Afterwards, the FGG
was positioned and securely adapted to the recipient site,
stabilized using two simple interrupted periosteal sutures
and a criss-cross sling suture with 5-0 Vicryl suture material
(M-Nature Sutures; International Sutures Manufacturing
Co., Egypt). The suturing was performed using a Castroviejo
needle holder (Nordent Manufacturing Inc., USA) to ensure
proper fixation.

2.5. Management of the Palatal Wound. Following harvesting
the FGG, bleeding was controlled, when present, by applying
pressure with sterile gauze for 5 min until it stopped.

2.5.1. Group I (Ozone-Test Group). In the intervention group,
GeliO3 (Bio-ozonized olive oil, 20 mEq O,/kg; Bioemmei Srl,
Vicenza, Italy) was applied ~0.3-0.5 mL of ozonated olive oil
gel (GeliO3, Bioemmei Srl, Italy; 20 mEq O,/kg) was applied
uniformly to the palatal wound using a 3 mL sterile syringe
disposable plastic syringe and a blunt 23-gauge needle imme-
diately after graft harvesting. The palatal wound was then
immediately covered with a noneugenol periodontal pack
(Pericem, Pericem cement Quengco, Italy) three days post-
operatively, patients were recalled for evaluation, during
which the periodontal pack was removed to assess the heal-
ing of the palatal wound. Ozone was then reapplied, and the
donor site was once again covered with the periodontal pack,
as shown in Figure 2.
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2.5.2. Group II (0.2% HA-Control Group). In the control
group, 0.2% HA gel (Gengigel, Ricerfarma S.r.l., Milano, Italy)
was applied ~0.3—0.5 mL uniformly to the palatal wound using
a 3 mL sterile syringe disposable plastic syringe and a blunt 23-
gauge needle immediately after graft harvesting. The palatal
wound was immediately covered with a noneugenol periodon-
tal pack (Pericem). 3 days postoperatively, patients were
recalled for wound evaluation, and the periodontal pack was
removed. The 0.2% HA gel was then reapplied, and the donor
site was repacked with the periodontal pack, as shown in
Figure 3.

2.6. Clinical Outcomes. The primary outcomes of this study
included postoperative pain assessment through the visual
analog scale (VAS) and mean analgesic consumption [15].
Patients reported their pain levels directly using the VAS,
which ranged from 0 to 10 (0 indicating no pain, 1 minimal
pain, 5 moderate pain, and 10 severe pain) [15]. Pain scores
were recorded daily for 1 week to evaluate postoperative

()

Figure 2: Clinical photographs for the ozone group healing: (a) Day 0, (b) Day 3, (c) Day 7, (d) Day 14, (e) Day 21, and (f) Day 42.

(f)

discomfort [15]. Additionally, postoperative pain was indi-
rectly assessed by measuring the mean consumption of
analgesics over a period of 7 days, recorded in milligrams [16].

The secondary outcomes focused on soft tissue healing
and color match of the palatal mucosa. The healing of the
donor site was evaluated using Landry et al.’s Hhealing Iindex
[17] which assesses tissue recovery based on mucosal color,
bleeding upon palpation, presence of granulation tissue, epi-
thelialization of the incision margin, and suppuration. Healing
was scored on a 5-point scale, where 1 indicated very poor
healing and 5 represented excellent healing. Additionally, the
color match of the palatal mucosa was assessed on Days 3, 7,
14, 21, and 42 by comparing it to the adjacent and opposite
mucosa. This evaluation utilized an objective VAS (0-10
scale), where 0 represented no color match and 10 indicated
an excellent color match with the surrounding tissues. The
assessments were conducted by the main supervisor, who
was blinded to the treatment group assignment, ensuring an
objective evaluation of the healing process.
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2.7. Postoperative Care and Follow-Up Visits. The periodontal
pack was removed after 1 week. On the day of surgery,
patients were administered 600 mg of Ibuprofen (Abbott,
Egypt) for pain management and were instructed to take an
additional 600 mg dose only as needed, recording the number
of pills consumed to indirectly assess postoperative pain
through mean analgesic consumption (mg). To promote
oral hygiene and reduce the risk of infection, patients were
advised to rinse with an antiseptic mouth rinse (0.12% Chlor-
hexidine HCL) twice daily for 1 min for 2 weeks following
surgery. Additionally, they were instructed to avoid vigorous
brushing and trauma to the surgical site for 3 weeks. After this
period, patients were advised to gently brush the treated area
using a soft toothbrush and a circular scrubbing technique.

Sutures were removed 14 days postoperatively from the
recipient site where the FGG was placed. To monitor the
healing progress of the palatal wound, clinical photographs
were taken at multiple time points: on Day 3, then at 1, 2, and
3 weeks, and finally on Day 42 postoperatively. These images
were used to evaluate the healing process over time.

(¢)

(f)
Figure 3: Clinical photographs for the HA group: (a) Day 0, (b) Day 3, (c) Day 7, (d) Day 14, (e) Day 21, and (f) Day 42.

2.8. Photographic Evaluation Protocol. Clinical photographs
were captured using a standardized digital photographic pro-
tocol to ensure reproducibility and reduce bias. A digital
single-lens reflex (DSLR) camera (Canon EOS 700D, Canon
Inc., Tokyo, Japan), equipped with an EF-S 60 mm macro lens,
was securely mounted on a tripod to maintain consistency.
The photographic settings (ISO 200, aperture /22, shutter
speed 1/125s) remained constant throughout the study. All
photographs were acquired from a standardized distance of
~30cm, with the camera positioned perpendicularly to the
palatal plane. Uniform lighting conditions were ensured by
employing a ring LED flash with consistent intensity across
all images [18, 19]. Prior to initiating the study, the examiner
responsible for photographic assessment underwent rigorous
calibration sessions involving standardized image assessments
and periodic recalibration throughout the study to maintain
consistency in image evaluation.

2.9. Statistical Analysis. Numerical data were presented as
mean, SD, median, minimum, maximum, and interquartile
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TasLE 1: Intergroup comparisons and summary statistics for demo-
graphic data.

Parameter Measurement Ozone HA p-Value
Gender Male 7 (23.81%)  5(14.29%)
0.697 ns
(n [%]) Female 18 (76.19%) 20 (85.71%)
Mean+SD  40.67 +£9.90 41.144+9.34
Age (years) ean 0.873ns

Median (IQR) 42.00 (15.00) 40.00 (9.00)

Abbreviation: ns, not significant.

70
60
50
40
30
20
10

0

Age (years)

B Ozone
B HA

FIGURE 4: Stacked bar chart for gender distribution.

range (IQR) values. They were explored for normality by
checking the data distribution and using Shapiro-Wilk’s
test. Age data were normally distributed and were analyzed
using an independent t-test. Other data were nonparametric.
They were analyzed for intergroup comparisons using the
Mann—Whitney U test and for intragroup comparisons using
Freidman’s and Nemenyi’s tests. p-values were adjusted for
multiple comparisons using the False Discovery Rate (FDR)
method. Correlations were analyzed using Spearman’s rank-
order correlation coefficient. The significance level was set at
p<0.05. statistical analysis was performed with R statistical
analysis software version 4.4.2 for Windows.1 1R.

3. Results

The baseline characteristics of the 50 participants, divided
into two groups, are presented in Table 1. Intergroup com-
parisons and summary statistics for demographic data are
presented in Table 1 and Figures 4 and 5.

The study comprised 50 cases that were randomly and
equally allocated to each of the studied groups. There were
seven males and 18 females with a mean age of (40.67 == 9.90)
years in the ozone group. In contrast, there were five males
and 20 females in the HA group with a mean age of (41.14 +
9.34) years. There was no significant difference between both
groups regarding gender (p=0.697) and age (p=0.873).
VAS are presented in Table 2 with intergroup comparisons
in Table 3. Within different intervals, there was no statistically
significant difference in pain scores measured in both groups
(p>0.05). For Day 7, the effect size was moderate, however,
for other intervals, the effect size was small. At baseline, the
ozone group (7) had a higher median than the HA group (6).
In contrast, on Day 3, the HA group (5) had a higher median
than the ozone group (4). Starting from Day 14, the medians
of both groups were zero. Descriptive statistics for analgesic
concentration (mg) are presented in Table 4. Intergroup
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FIGURE 5: Box plot for age values.

TaBLE 2: Descriptive statistics for VAS.

Group Time Mean SD Median Minimum Maximum

Baseline 6.90 1.84  7.00 4.00 10.00

Day3 448 160 4.00 2.00 7.00

Ozone Day7 214 135 2.00 0.00 5.00
Day 14 024 054 0.00 0.00 2.00

Day21 0.00 0.00 0.00 0.00 0.00

Baseline 690 1.61  6.00 5.00 10.00

Day3 524 181 5.00 3.00 9.00

HA Day7 333 188 3.00 1.00 7.00
Day 14 052 098  0.00 0.00 3.00

Day21 0.00 0.00 0.00 0.00 0.00

comparisons and summary statistics for analgesic concentra-
tion (mg) are presented in Table 5 and Figure 6. On Day 2, the
median analgesic concentration in the HA group (600 mg)
was significantly higher than that of the ozone group (0) mg
(p=0.042), with a moderate effect size. On Day 3, although
both groups had the same median value (0) mg, the difference
remained statistically significant (p = 0.042) with a moderate
effect due to the large variability between groups. The ozone
group had an IQR of (0), indicating minimal dispersion,
whereas the HA group had an IQR of (600) mg, indicating
a wide distribution of values. For other intervals, both groups
had the same median values, the differences were not statisti-
cally significant (p>0.05), and the effect sizes were small.
Palatal healing index is presented in descriptive form in
Table 6. Intergroup comparisons and summary statistics for
the healing index are presented in Table 7 and Figure 7.
Within different intervals, there was no statistically significant
difference in healing index values measured in both groups
(p>0.05). For Days 3 and 14, the effect size was moderate;
however, for other intervals, the effect sizes were small. At
baseline (1), on Day 3 (2), Day 7 (3), and Day 21 (5), both
groups had the same median. On Day 14, the ozone group (4)
had a higher median than the HA group (3). Descriptive
statistics for color match scores are presented in Table 8 and
the overall distribution of color match values is depicted in
the box-plot chart (Figure 8). Intergroup comparisons and
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TaBLE 3: Intergroup comparisons and summary statistics for VAS.
. VAS Effect size
Time Measurement p-Value .
Ozone HA (95% CI) Magnitude
Bascli Mean 4 SD 6.90 + 1.84 6.90 + 1.61 0,990 0,004 (0.004:0.360) Somall
aseline .990 ns . .004:0. ma
Median (IQR) 7.00 (2.00) 6.00 (2.00)
Mean =+ SD 4.48 £1.60 524+1.81
Day 3 . 0.410 ns 0.197 (0.010:0.460) Small
Median (IQR) 4.00 (2.00) 5.00 (3.00)
Day 7 Mean =+ SD 2.14£1.35 3.33+£1.88 0.180 0.312 (0.040:0.570) Moderat
a .180 ns . .040:0. oderate
Y Median (IQR) 2.00 (2.00) 3.00 (2.00)
Dav 14 Mean =+ SD 0.24£0.54 0.5240.98 0703 0.100 (0.007:0.370) Small
a .703 ns . .007:0. ma
Y Median (IQR) 0.00 (0.00) 0.00 (0.00)
Mean =+ SD 0.00 £ 0.00 0.00 £ 0.00
Day 21 on NA NA NA
Median (IQR) 0.00 (0.00) 0.00 (0.00)
Abbreviations: NA, not applicable; ns, not significant.
TasLE 4: Descriptive statistics for analgesic concentration (mg).
Group Time Mean SD Median Minimum Maximum
Day 0 1257.14 180.48 1200.00 1200.00 1800.00
Day 1 828.57 298.57 600.00 600.00 1200.00
Day 2 171.43 277.75 0.00 0.00 600.00
Day 3 57.14 180.48 0.00 0.00 600.00
Ozone
Day 4 28.57 130.93 0.00 0.00 600.00
Day 5 28.57 130.93 0.00 0.00 600.00
Day 6 0.00 0.00 0.00 0.00 0.00
Day 7 0.00 0.00 0.00 0.00 0.00
Day 0 1457.14 405.67 1200.00 1200.00 2400.00
Day 1 1028.57 573.71 600.00 600.00 2400.00
Day 2 514.29 475.69 600.00 0.00 1800.00
HA Day 3 314.29 407.78 0.00 0.00 1200.00
Day 4 114.29 241.42 0.00 0.00 600.00
Day 5 85.71 215.14 0.00 0.00 600.00
Day 6 0.00 0.00 0.00 0.00 0.00
Day 7 0.00 0.00 0.00 0.00 0.00
TasLE 5: Intergroup comparisons and summary statistics for analgesic concentration (mg).
. Analgesic conc. (mg) Effect size
Time Measurement p-Value X
Ozone HA (95% CI) Magnitude
Dav 0 Mean £ SD 1257.14 +-180.48 1457.14 4= 405.67 0114 0.296 (0.040:0.530) Small
a .114 ns . .040:0. ma
Y Median (IQR) 1200.00 (0.00) 1200.00 (600.00)
Dav 1 Mean =+ SD 828.57 £298.57 1028.57 +573.71 0351 0.146 (0.006:0.410) Small
a .351ns . .006:0. ma
Y Median (IQR) 600.00 (600.00) 600.00 (600.00)
Mean =+ SD 171.43 +£277.75 514.29 £ 475.69
Day 2 0.042* 0.406 (0.140:0.660 Moderat
&y Median (IQR) 0.00 (600.00) 600.00 (600.00) ( ) oderate
Mean =+ SD 57.14 £180.48 314.29 £407.78
Day 3 0.042* 0.382 (0.110:0.620 Moderat;
ay Median (IQR) 0.00 (0.00) 0.00 (600.00) ( ) oderate
Mean =+ SD 28.57 £130.93 114.29 +-241.42
Day 4 . 0.248 ns 0.218 (0.020:0.450) Small
Median (IQR) 0.00 (0.00) 0.00 (0.00)
Mean £ SD 28.57 £130.93 85.71 £215.14
Day 5 . 0.351ns 0.160 (0.000:0.390) Small
Median (IQR) 0.00 (0.00) 0.00 (0.00)
Mean £ SD 0.00 £0.00 0.00 £ 0.00
Day 6 o NA NA NA
Median (IQR) 0.00 (0.00) 0.00 (0.00)
Mean =+ SD 0.00 £0.00 0.00 £ 0.00
Day 7 NA NA NA
ay Median (IQR) 0.00 (0.00) 0.00 (0.00)

Abbreviations: NA, not applicable; ns, not significant.
*Significant (p<0.05).
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FiGure 6: Box plot for VAS values.

TaBLE 6: Descriptive statistics for the healing index.

Group Time Mean SD Median Minimum Maximum

Baseline 1.00 0.00 1.00 1.00 1.00

Day 3 2.10 0.70 2.00 1.00 3.00

Ozone Day 7 2.71 0.96 3.00 1.00 4.00
Day 14 390 0.94 4.00 2.00 5.00

Day 21 476 0.62 5.00 3.00 5.00

Baseline 1.00 0.00 1.00 1.00 1.00

Day 3 1.62 0.67 2.00 1.00 3.00

HA Day 7 2.62 0.67 3.00 2.00 4.00
Day 14 343 0.75 3.00 2.00 5.00

Day 21 452 0.75 5.00 3.00 5.00

summary statistics for color match score are presented in
Table 9 and Figure 9. Within different intervals, there was
no statistically significant difference in color scores measured
in both groups (p>0.05), with the effect size being small. At
baseline, both groups had a median of zero. On Day 3, both
had a median score of (3). Similarly, on Day 7, both had a
score of (5). On Days 14 and 21, the ozone group (7 and 9)
had higher medians than the HA group (6 and 8), respectively.
Finally, on Day 42, both groups had a median of 10. (1), on
Day 3 (2), Day 7 (3), and Day 21 (5), both groups had the
same median. On Day 14, the ozone group (4) had a higher
median than the HA group (3).

No adverse events, allergic reactions, or complications
were observed in either treatment group during the study
period. All participants completed the full 42-day follow-
up without the need for additional medical intervention,
unplanned treatment discontinuation, or escalation of anal-
gesic use beyond the prescribed regimen.

4. Discussion

Patient reported outcomes are now of prime importance in
periodontal plastic surgeries [16]. Several clinical trials have
been conducted to minimize postoperative morbidity in
patients undergoing soft tissue graft harvesting. Many of
these studies yielded favorable results by utilizing various
materials, including HA gel [6, 8], ozone therapy [10, 11]
topical simvastatin gel [20], and advanced platelet-rich fibrin
(A-PRF) [21]. These interventions have shown promising
potential in enhancing postoperative recovery by reducing
pain, promoting wound healing, and improving the overall
esthetic integration of grafted tissues [1].

International Journal of Dentistry

HA is widely favored for covering palatal wounds due to
its unique anti-inflammatory, antioxidant, and bacteriostatic
properties. HA possesses roles in wound healing, reducing
scarring, and supporting tissue regeneration by retaining
moisture. Extensively studied in clinical trials [6, 8, 9],
HA’s versatility in gel or spray form makes it a noninvasive,
user-friendly option. Thus, it is an effective dressing for
managing palatal wounds after FGG harvesting.

Despite the growing interest in these treatment modalities,
there remains a lack of data in the literature concerning the
effect of ozone gel on the clinical parameters associated with
patients with mucogingival defects following FGG harvesting.
To the best of the authors’ knowledge, this study represents
the first (RCT) evaluating the clinical effect of ozone gel appli-
cation on palatal wounds after FGG harvesting. Additionally,
it is the first study to compare ozone therapy with HA treat-
ment with a large sample size, providing valuable insights into
the potential advantages of these interventions.

In addition to their observed clinical effectiveness, the
present study demonstrated that both ozone and HA gels
were well tolerated, with no adverse events or complications
reported among the enrolled participants. This outcome sup-
ports the excellent biocompatibility and local safety profile of
both agents in intraoral wound healing, which is consistent
with previously published clinical trials [8, 22]. Furthermore,
the absence of complications may be attributed, in part, to
the rigorous exclusion of medically compromised individuals
and those with known hypersensitivities, as well as to stan-
dardized wound care protocols implemented during follow-
up. Direct clinical evaluation at all scheduled visits ensured
systematic monitoring and allowed for confident reporting of
the absence of treatment-related morbidity.

Pain management is a critical aspect of postsurgical recov-
ery, as it significantly influences patient comfort and compli-
ance with postoperative care [16]. The data herein indicate a
significant reduction in pain over time in both the ozone and
HA groups. At baseline, both groups exhibited similar VAS
scores (mean: 6.90), suggesting comparable initial pain levels.
However, a trend of faster pain reduction was observed in the
ozone group, with VAS scores dropping more rapidly by
Day 3 (mean: 4.48) compared to the HA group (mean:
5.24). Although this difference was not statistically significant
(p>0.05), it implies a potential advantage of ozone therapy in
early pain alleviation. By Day 14, both groups had reached
near-zero pain levels, confirming the effectiveness of both
interventions in long-term pain control. The moderate effect
size observed at Day 7 further supports the clinical relevance
of the faster pain reduction in the ozone group.

These findings align with previous studies [10, 11, 22, 23]
suggesting that ozone therapy has analgesic properties,
potentially due to its antimicrobial effects and ability to stim-
ulate tissue oxygenation. The acceleration of pain relief with
ozone therapy may be attributed to its ability to modulate
inflammatory responses, thereby reducing nociceptive sig-
naling at the wound site.

The observed early postoperative pain relief in the ozone-
treated group, particularly notable by Day 3, aligns with previous
RCTs evaluating ozone’s analgesic efficacy in periodontal
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TaBLE 7: Intergroup comparisons and summary statistics for healing index.
Healing index Effect size
Time Measurement p-Value
Ozone HA Eta2 (h) (95% CI) Magnitude
Mean £ SD 1.00 +0.00 1.00 £+ 0.00
Baseli NA NA NA
aseine Median (IQR) 1.00 (0.00) 1.00 (0.00)
Mean =+ SD 2.10+0.70 1.62+0.67
Day 3 . 0.072 ns 0.333 (0.060:0.600) Moderate
Median (IQR) 2.00 (1.00) 2.00 (1.00)
Dav 7 Mean + SD 2714096 2.6240.67 0517 0.102 (0.006:0.390) Sonall
a 517 ns . .006:0. mal
Y Median (IQR) 3.00 (1.00) 3.00 (1.00)
Dav 14 Mean + SD 3.90 4 0.94 3.4340.75 007 0325 (0.040:0.590) Moderat
a .072ns . .040:0. oderate
Y Median (IQR) 4.00 (0.00) 3.00 (1.00)
Mean =+ SD 4.76 £0.62 4.52+0.75
Day 21 0.251 0.206 (0.010:0.480 Small
ay Median (IQR) 5.00 (0.00) 5.00 (1.00) ns ( ) ma

Abbreviations: NA, not applicable; ns, not significant.
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FIGURE 7: Box plot for analgesic concentration (mg) values.

TasLE 8: Descriptive statistics for color match score.

Group Time Mean SD Median Minimum Maximum

Baseline 0.00 0.00 0.00 0.00 0.00
Day 3 290 0.83 3.00 1.00 4.00
Day 7 452 1.03 5.00 2.00 6.00
Ozone
Day 14 6.62 1.20 7.00 4.00 9.00
Day 21 852 1.03 9.00 7.00 10.00
Day 42 995 022 10.00 9.00 10.00
Baseline 0.00 0.00 0.00 0.00 0.00
Day3 3.05 0.86 3.00 2.00 4.00
HA Day 7 481 1.21 5.00 2.00 7.00
Day 14 6.14 139  6.00 3.00 9.00
Day 21 7.76 1.30 8.00 5.00 10.00
Day 42 10.00 0.00 10.00 10.00 10.00

surgeries [10, 11]. Such studies have similarly reported a signifi-
cant reduction in early postoperative pain scores attributed to
ozone’s anti-inflammatory and antimicrobial properties, which
likely attenuate the inflammatory mediators responsible for
acute pain responses [10, 11, 24]. Conversely, HA, despite its
established benefits in mucosal wound healing, may provide

slower analgesic effects given its primary action through enhanc-
ing epithelialization and modulating inflammation over an
extended period [6, 8]. This comparative analysis provides valu-
able clinical context, reinforcing ozone’s potential advantages for
immediate postoperative comfort.

Wound healing is a multifaceted process involving cellu-
lar proliferation, tissue remodeling, and angiogenesis. The
healing index demonstrated a consistent improvement over
time for both treatment groups. Initially, both groups had a
baseline score of 1.00, reflecting the absence of healing. By
Day 3, the ozone group exhibited a greater increase in the
healing index (mean: 2.10) compared to the HA group
(mean: 1.62). This pattern persisted, with the ozone group
maintaining a slightly higher healing index than the HA
group throughout the study period. By Day 21, the healing
index for the ozone group was 4.76, whereas the HA group
reached 4.52. Although the intergroup differences were not
statistically significant, the moderate effect size observed at
specific time points suggests a potential advantage of ozone
therapy in accelerating the healing process.

The intragroup analysis confirmed that both treatments
significantly improved healing over time (p<0.001), with
large effect sizes, indicating that both interventions were effec-
tive in promoting tissue recovery. These findings reinforce the
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FiGure 8: Box plot for color match score values.
TasLE 9: Intergroup comparisons and summary statistics for color match score.
Color match score Effect size
Time Measurement p-Value .
Ozone HA Eta2 (h) (95% CI) Magnitude
Mean £ SD 0.00 £0.00 0.00 £0.00
Baseli NA NA NA
aseine Median (IQR) 0.00 (0.00) 0.00 (0.00)
Dav 3 Mean =+ SD 2.90+£0.83 3.05+0.86 0.641 0.074 (0.006:0.390) Small
a .641 ns . .006:0. ma
Y Median (IQR) 3.00 (1.00) 3.00 (2.00)
Mean =+ SD 4.524+1.03 481+1.21
Day 7 0.426 0.158 (0.006:0.450 Small
ay Median (IQR) 5.00 (1.00) 5.00 (1.00) ns ( ) ma
Dav 14 Mean + SD 6.62+1.20 6.14 +1.39 0426 0.180 (0.008:0.460) Small
a 426 ns . .008:0. ma
Y Median (IQR) 7.00 (1.00) 6.00 (2.00)
Mean £+ SD 8.52+1.03 7.76 +1.30
Day 21 . 0.350 ns 0.282 (0.030:0.550) Small
Median (IQR) 9.00 (1.00) 8.00 (2.00)
Mean £+ SD 9.95+0.22 10.00 £ 0.00
Day 42 . 0.426 ns 0.154 (0.120:0.320) Small
Median (IQR) 10.00 (0.00) 10.00 (0.00)

Abbreviations: NA, not applicable; ns, not significant.
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FIGURE 9: Box plot for healing index values.

hypothesis that ozone therapy, due to its antimicrobial and
proangiogenic properties, may contribute to faster re-
epithelialization and tissue repair, providing a potential
advantage in clinical practice [11, 23].

Regarding wound healing dynamics, both treatment
modalities in our study demonstrated steady improvement
over the follow-up period. However, slightly superior,
though statistically nonsignificant, Landry healing index

scores observed in the ozone-treated group on Days 3 and
14 correspond with prior clinical findings indicating acceler-
ated mucosal repair with ozone application [10, 22]. Ozone’s
mechanisms, including stimulation of local angiogenesis,
enhanced tissue oxygenation, and reduced microbial load,
provide plausible explanations for improved early healing
outcomes [24]. Similarly, HA gel facilitated progressive heal-
ing, supporting earlier literature which emphasizes its role in
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cellular proliferation, migration, and inflammation reduction
[6, 8]. These comparative insights underscore both agents’
validity, with subtle distinctions possibly relevant in clinical
decision-making scenarios.

Esthetic outcomes, as assessed by the color match score,
comprised an important aspect of the current study. Patients
undergoing soft tissue grafting often prioritize the final
appearance of the treated area, making tissue color matching
a crucial parameter. Both groups demonstrated a gradual
increase in tissue color matching over time, with no signifi-
cant differences between them. By Day 42, both the ozone
and HA groups had achieved a near-perfect color match
(median: 10.00), suggesting that both treatments facilitate
excellent esthetic recovery.

However, a slight advantage was noted in the ozone
group on Days 14 and 21, where the median color match
scores were higher than those in the HA group. This differ-
ence, though not statistically significant, may indicate a more
rapid tissue adaptation and integration with ozone therapy.
The strong positive correlation (rs=0.897, p<0.001)
between the healing index and color match score further
reinforces the idea that improved healing is associated with
better tissue esthetics. This supports the consideration of
ozone therapy as a viable option for patients who seek faster
and more visually appealing recovery.

The role of topical biologic agents, such as ozone and
HA, is increasingly acknowledged in contemporary muco-
gingival surgical protocols, given their potential to enhance
postoperative recovery and patient comfort. Previous com-
parative studies employing other biologic agents like platelet-
rich fibrin (PRF) and simvastatin gels have demonstrated
significant benefits in pain relief, wound healing, and
patient-reported esthetic satisfaction [20, 21]. In this context,
our findings contribute novel comparative data suggesting
ozone gel’s favorable profile as a biologically active adjunct
with specific early-phase advantages. However, the lack of
significant statistical differentiation in key outcomes indi-
cates the necessity for larger-scale studies directly comparing
ozone with established biologics, to clearly define its relative
efficacy and optimal clinical indications.

Analgesic intake serves as a secondary indicator of post-
operative pain levels and patient discomfort. Analgesic con-
sumption was significantly lower in the ozone group
compared to the HA group, particularly on Day 2 (p=
0.042) and Day 3 (p=0.042). This finding aligns with the
observed pain reduction trend, where the ozone group expe-
rienced a more rapid decline in VAS scores. The decreased
need for analgesics suggests that ozone therapy may provide
superior analgesic effects, reducing patient dependency on
medication. From Day 4 onward, analgesic intake was negli-
gible in both groups, indicating that both interventions effec-
tively controlled postoperative pain by the mid-recovery
phase.

The moderate effect size onDays 2 and 3 highlights the
potential clinical significance of this finding, suggesting that
ozone therapy may be particularly beneficial in the immedi-
ate postoperative period. These results further emphasize the
potential for ozone therapy to serve as an effective
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nonpharmacological alternative for pain management, min-
imizing reliance on conventional analgesics, which often
carry risks of gastrointestinal side effects and dependency.

Although differences between ozone and HA groups were
not statistically significant, moderate effect sizes observed on
Day 7 (pain scores) and Days 2 and 3 (analgesic consumption)
indicate potential early postoperative advantages of ozone
therapy that may not be fully represented by p-values alone
[25]. Given sufficient statistical power, these findings reflect
clinically meaningful distinctions between two effective inter-
ventions. Ozone therapy’s established biological properties,
such as antimicrobial, anti-inflammatory, and tissue oxygen-
ation effects [10, 26], likely contribute to its potential for
enhanced early pain relief and reduced analgesic use, support-
ing its adjunctive role in palatal wound management.

The findings of this study have significant clinical impli-
cations for postoperative management strategies. The com-
parable efficacy of ozone therapy and HA in pain reduction,
healing, and esthetic recovery suggests that both treatments
are viable options. However, the slight advantages observed
in the ozone group, particularly in early pain relief, reduced
analgesic dependence, and accelerated healing, suggest that
ozone therapy may be a preferable choice for clinicians seek-
ing rapid postoperative recovery with minimal pharmacolog-
ical intervention.

The results of this study demonstrated a significant reduc-
tion in pain levels over time in both treatment groups. While
both groups exhibited similar initial VAS scores, a faster
decrease in pain was observed in the ozone group by Day 3.
This trend is consistent with previous studies [11, 24] that
have reported the analgesic effects of ozone therapy. These
studies suggested that ozone therapy promotes pain relief
through its antimicrobial properties and its ability to enhance
tissue oxygenation, which in turn modulates inflammatory
responses and reduces nociceptive signaling at the wound site.

Although the difference in pain reduction between the
ozone and HA groups was not statistically significant
(p>0.05), the observed trend suggests a potential advantage
of ozone therapy in accelerating early postoperative pain relief.
This supports previous trials [10, 11, 26] indicating that ozone
may act as an adjunctive analgesic agent in periodontal surgi-
cal procedures. However, further research with a larger sample
size may be required to determine whether these effects reach
statistical significance.

In this study, both HA and ozone therapy demonstrated
a positive impact on wound healing, with a steady improve-
ment in the healing index over time. The ozone group exhib-
ited a slightly higher healing index than the HA group at all
time points, with the most notable differences observed on
Day 3 and 7.

These findings agree with previous studies [10, 11] on the
wound-healing properties of ozone therapy which have
emphasized its ability to accelerate re-epithelialization and
tissue repair through antimicrobial and proangiogenic
mechanisms. Furthermore, the observed healing enhancement
in the HA group is consistent with prior research [6, 8] that
identified HA as an effective material for managing palatal
wounds due to its anti-inflammatory, antiedematous, and
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tissue-regenerative properties. These studies demonstrated
that HA, whether applied in gel or spray form, serves as a
reliable noninvasive treatment option for wound manage-
ment, further corroborating the results of the present study.

Despite the observed advantages of ozone therapy in
wound healing, the intergroup differences did not reach sta-
tistical significance. This is in contrast with some previous
studies [6, 8] on HA, which reported statistically significant
improvements in healing parameters. The discrepancy may
be attributed to differences in study design, sample size, or
the severity of surgical wounds.

While HA has been extensively studied in periodontal
wound healing [6, 8, 9, 21, 27], there remains a notable
gap in the literature regarding the effects of ozone gel, spe-
cifically in the management of palatal wounds after FGG
harvesting. Unlike previous studies that have investigated
the impact of HA and other materials, such as topical sim-
vastatin gel [20] and advanced platelet-rich fibrin (A-PRF)
[21], there is a lack of data directly comparing ozone therapy
with HA in this context. Therefore, this study provides valu-
able insights into the potential role of ozone as an alternative
or adjunctive treatment for mucogingival wound healing.

Furthermore, while prior studies have highlighted the
efficacy of ozone in reducing postoperative pain and inflam-
mation [10, 22], their focus has predominantly been on other
periodontal applications, such as nonsurgical periodontal
therapy or implant site preparation [22]. Additionally, since
this study is among the first randomized controlled clinical
trials to evaluate the application of ozone gel on palatal
wounds after FGG harvesting, further research is warranted
to further explore and validate its clinical effects. By specifi-
cally evaluating ozone therapy for palatal wound healing, this
study contributes novel data to the existing body of knowl-
edge and lays the foundation for future research in this area.

The present study evaluated postoperative pain, analgesic
consumption, wound healing indices, and color match out-
comes; however, patient-reported outcomes (PROs) were not
assessed, limiting a comprehensive understanding of treat-
ment effectiveness from the patient’s perspective, as empha-
sized by recent consensus statements [28, 29]. Validated
PROs were not assessed, limiting patient-centered evalua-
tion. Formal reliability testing of photographic documenta-
tion was not conducted [30]. Additionally, the study
primarily relied on subjective indices (Landry healing index,
VAS), without employing objective methods such as the
hydrogen peroxide bubbling test or digital planimetric anal-
ysis, due to logistical constraints [31].

Although dosage and application frequency were stan-
dardized, tissue penetration and dose-response were not
quantitatively evaluated. The relatively small sample size,
despite being based on power analysis, may have limited
the detection of subtle differences. Future studies with larger
samples should incorporate objective biochemical and phys-
iological markers as interleukin-14 (IL-1f) and vascular
endothelial growth factor (VEGF), including oxidative stress
indicators, to ensure methodological rigor and comprehen-
sive evaluation.
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5. Recommendations for Future Research

Future studies with extended follow-up periods are needed to
assess the long-term benefits of ozone therapy and HA appli-
cation, particularly in relation to tissue stability and the recur-
rence of mucogingival defects. Investigating the underlying
biological mechanisms responsible for the observed effects
will help to better understand the molecular and cellular path-
ways involved in ozone-induced healing. Incorporating PROs
and quality-of-life assessments would provide a more compre-
hensive evaluation of these therapies in clinical practice.
Moreover, future trials should also compare ozone therapy
and HA with other biologics, such as growth factors and
stem cell-based approaches, to explore further improvements
in wound healing strategies.

6. Conclusions

Both ozone therapy and HA were effective in managing
postoperative pain, promoting wound healing, and enhanc-
ing tissue esthetics. The observed trends suggest a potential
advantage of ozone therapy in early pain reduction and heal-
ing acceleration. These findings support the incorporation of
ozone therapy as a promising alternative or adjunct to con-
ventional treatments for postoperative recovery, warranting
further investigation in larger clinical trials. By offering an
effective and potentially superior approach to wound man-
agement, ozone therapy holds promise in optimizing patient
outcomes following soft tissue grafting procedures.

With a growing emphasis on minimally invasive and
biologically driven treatment strategies, the integration of
HA and ozone therapy into clinical practice could revolu-
tionize postsurgical healing following FGG procedures. By
enhancing healing efficiency and improving patient com-
fort, these therapies hold significant promise for broader
applications in periodontal and implant-related soft tissue
surgeries.
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