
Journal of Dental Sciences 20 (2025) 953e961
Taiw
an  Association for Denta

l S
ci

en
ce

s

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e-jds.com
Original Article
Bioactive materials for post-operative
healing and pain relief following palatal
epithelialized graft harvesting: A meta-
analysis of randomized clinical trials

Cheng-Shan Li a, Wei-Cheng Lee b, Min-Wen Fu c,
Suzanne Ying-Shan Su a, I-Shiang Tzeng d, Earl Fu a,e*
a Department of Dentistry, Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, Xindian, New
Taipei City, Taiwan

b Division of Orthodontics and Dentofacial Orthopedics, Department of Dentistry, Tri-Service General
Hospital, National Defense Medical Center, Taipei, Taiwan

c Department of Endodontics, New York University College of Dentistry, New York, USA
d Department of Research, Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, New Taipei
City, Taiwan

e Department of Periodontology, Dental School, Tri-Service General Hospital, National Defense Medical
Center, Taipei, Taiwan
Received 1 September 2024; Final revision received 10 November 2024
Available online 28 November 2024
KEYWORDS
Biomaterials;
Grafts;
Palate;
Meta-analysis;
Post-operative pain;
Wound healing
* Corresponding author. Department
Xindian Dist., New Taipei City 23142,

E-mail address: fuearl@gmail.com

https://doi.org/10.1016/j.jds.2024.11.
1991-7902/ª 2025 Association for Denta
the CC BY-NC-ND license (http://creati
Abstract Background/purpose: Palatal epithelial graft harvesting requires secondary heal-
ing, and various materials have been used to accelerate this and reduce discomfort. However,
comparisons against standardized controls remain limited, especially in randomized clinical
trials. This meta-analysis assessed the efficacy of bioactive materials of hyaluronic acid,
platelet-rich fibrin, collagen, and cyanoacrylate in promoting healing and reducing pain after
epithelial graft harvesting.
Materials and methods: Clinical trials were identified from PubMed, Scopus, Web of Science
and Embase up to August 2024. The efficacies of bioactive materials were assessed using Re-
view Manager Analysis, with odds ratios calculated for complete wound healing and mean dif-
ferences in Visual Analog Scale (VAS) scores for pain.
Results: Of 787 references, 9 clinical trials met eligibility: 6 on healing and 7 on pain. Meta-
analysis showed significant improvement in complete epithelialization for the overall materials
vs. control (OR Z 4.28). Subgroup analysis showed improvements for HA (OR Z 4.80) and PRF
(OR Z 12.81), but not cyanoacrylate. Similar results were seen for VAS pain scores on days 1e3
of Dentistry, Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, No. 289, Jianguo Rd.,
Taiwan.
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and day 7, with benefits for the overall materials and individually for HA, PRF, and collagen,
except cyanoacrylate. High heterogeneity was found on days 1e3 (I2 Z 66) and day 7
(I2 Z 90 %). Subgroup analysis reduced most heterogeneity, except for HA on days 1e3
(I2 Z 91 %).
Conclusion: HA, PRF, and collagen may relief pain, and HA and PRF might aid healing after
epithelialized gingival graft harvest (no trials recruited in evaluating the collagen’s effect
on wound healing). Cyanoacrylate may not support pain relief or healing. Further trials are
needed.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Gingival connective tissue graft is widely regarded as the
most predictable method for periodontal and peri-implant
plastic surgeries.1,2 In most situations, these procedures
involve harvesting tissue form palatal donor site. Various
techniques are involved in harvesting gingival connective
tissue for grafting.3e6 However, in terms of the healing
process on donor site, there is a significant difference be-
tween epithelialized and subgingival grafts: the palatal
wound from an epithelialized free gingival graft requires a
secondary healing process of about 2e4 weeks and often
leads to complications such as postoperative pain,
compared to subgingival harvesting.7,8

Studies have focused on exploring various materials to
accelerate healing and reduce discomfort after epi-
thelialized graft harvesting. Bioactive materials such as
hyaluronic acid (HA),9e13 platelet-rich fibrin (PRF),14e21

collagen sponges,20,22 cyanoacrylate adhesives,23e26

gelatin sponge,15,27 enamel matrix derivative28 and others
have been applied to the palatal wound. However, most
comparisons have been conducted among different mate-
rials or combinations of various materials, while compari-
sons of each single material against a standardized control
are still limited, particularly within the framework of ran-
domized clinical trials.13,14,29 Other challenges arise from
disparate observation intervals, non-standardized material
preparations, diverse outcome measurements, and incon-
sistent results. As a result, reaching definitive conclusions
about the effect of a single material on the healing process
becomes difficult. For instance, one study found statisti-
cally significant differences in Visual Analog Scale (VAS)
pain scores between the HA group and the non-dressing
control group on post-operative days 2 and 3,10 while
another study reported significantly lower VAS pain scores
at 14 and 21 days in the group using the HA gelatin sponge
compared to those without HA.13 Additionally, the quanti-
tative healing outcomes following bioactive materials have
been broadly reported; however, the methods for evalu-
ating healing varied, including assessments of complete
epithelialization,19 defect size,20 tissue thickness,30 or
even a healing index.18

In this meta-analysis, we evaluated the evidence
regarding the efficacy of bioactive materials on post-
operative outcomes at the palatal donor site following
epithelialized gingival graft harvesting. We included clinical
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trials that assessed wound healing (complete epithelial-
ization at 14 days post-operation) and postoperative pain
(VAS pain scores within the initial three days and at seven
days post-surgery). Due to study limitations, the bioactive
materials included were HA, PRF, collagen, and
cyanoacrylate.

Materials and methods

Search strategy

In this study, four electronic databases, namely PubMed,
Scopus, Web of Science and Embase were searched to
identify relevant studies. The outcomes were reported as
the number of patients with complete epithelialization of
the surgical wound and those measured by the Visual
Analog Scale for pain.23 Randomized clinical trials were
identified using the following search terms: ((cyanoacry-
late) OR (collagen) OR (hyaluronic acid) OR (platelet-rich
fibrin) OR (platelet rich plasma)) AND ((free gingival graft)
OR (palatal graft) OR (connective tissue graft) OR (palatal
wound) OR (palatal healing) OR (wound heal) OR (wound
healing)) AND ((palatal pain) OR (visual analogic scale) OR
(patient reported outcome)) AND (clinical trial). Addition-
ally, the references cited in the included papers were
reviewed to ensure the inclusion of all relevant research.
The present study was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline and was registered on the
OSF platform (Open Science Framework platform, regis-
tration DOI: https://doi.org/10.17605/OSF.IO/C9AWV)
(Fig. 1).

Inclusion and exclusion criteria

The included studies were controlled clinical trials with at
least 2 weeks of follow-up, published in English up to
August 2024. The inclusion criteria were based on the PICO
principle. The patients (participant, P) included were those
who underwent surgical removal of epithelized tissue grafts
from the palatal donor site. The intervention (I) involved
the protection of the palatal harvested area using bioactive
materials, including cyanoacrylate tissue adhesive,
collagen, HA, PRF, or platelet-rich plasma. In the control
group (C), no additional dressing material was applied to
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Figure 1 PRISMA flow diagram of the search results from the databases.
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the wound at the palatal donor site, except for suturing
and/or Coe-packing/stent application. The outcomes (O)
encompassed postoperative pain, assessed using a visual
analog scale within three days and again at seven days post-
surgery, as well as wound healing, evaluated by complete
epithelialization of the wound at 14 days post-surgery. Ar-
ticles that matched the inclusion criteria were further
screened using the exclusion criteria: (i) letters, reviews,
abstracts, case reports, and case series. We made the de-
cision not to include any other dressing materials due to
limitations in time and resources. Therefore, the present
meta-analysis was confined to the following materials:
cyanoacrylate adhesive, collagen, HA, and PRF.

Data extraction

Among the included studies, the following variables were
extracted and recorded in a standardized format: publica-
tion year, author, study design, number of participants,
patient classification, duration of treatment and follow-up,
measurement methods, and clinical results (Table 1).

Quality assessment

The quality of each controlled clinical trial was assessed by
two reviewers (CSL and EF) using the Risk of Bias 2 (RoB 2)
tool. Following the guidelines in the Cochrane Handbook
(available at: https://training.cochrane.org/handbook/
current/chapter-08) and the RoB 2 tool, five main
domains were evaluated: bias arising from the
randomization process, bias due to deviations from
intended interventions, bias due to missing outcome data,
bias in measurement of the outcome and bias in selection
of the reported result. Based on the quality assessment,
955
the studies were categorized into three groups: low risk
of bias, some concerns, and high risk of bias (Fig. 1-II).

Statistical analysis

In this meta-analysis, nine studies were included for
analysis.9,12,15,17,19,21e23,31 Using Review Manager Version
5.3 software (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark), the mean difference
(MD), 95 % confidence intervals (CI), and effect size were
calculated for the continuous outcome of VAS scales (post-
operative pain), while the odds ratio (OR) was used to assess
the dichotomous outcome of wound healing (complete
epithelialization at 14 days post-surgery). In this study, sta-
tistical significance was considered when P � 0.05. Hetero-
geneity was assessed using the I2 static, which ranges from
0 % to 100 %. I2 Z 0 % indicated no heterogeneity, whereas
�50 % suggested high heterogeneity.32 In general, fixed ef-
fectmodels are usedwhen heterogeneity is low,whereas the
random effects models are used when heterogeneity is high.
The potential publishing bias was estimated by funnel plots.
All statistical analyses were performed using Review
Manager.

Results

Study selection

The flow chart for the procedure of study collection is
presented in Fig. 1. According to the exclusion criteria, nine
studies were included, while 875 publications were
excluded. The nine randomized clinical trials included in
this study, along with their risks of bias are summarized in
Table 1 and Fig. 1. As illustrated in Fig. 2, six studies were
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Table 1 Characteristics and risk of bias of eight randomized clinical trials included in this Meta-analysis.

Experimental group Control group Observing parameters
post-operatively

Positive impacts on
wound healing and pain
relief

Risk of bias

D1 D2 D3 D4 D5 overall

Shanmugam et al.22 (2010) Collagen dressing (Colla
Cote�) & stent (n Z 16)

Coe-pack & stent
(n Z 16)

Pain (VAS), histology
healing, color match,
consistency, and tissue
thickness

Collagen: 1) accelerating
healing; 2) reducing
postoperative pain.

Ustao�glu et al.21 (2016) Titanium-prepared PRF
with stent (n Z 16)

Suture with stent
(n Z 18)

Epithelization (H2O2),
color match, analgesics
taken, and tissue
thickness

PRF: 1) accelerating
healing; 2) no difference
in VAS and analgesics.

Ozcan et al.19 (2017) Cyanoacrylate
(PeriAcryl) alone and
PeriAcryl with PRF
(n Z 42/group).

Compression with gauze
(n Z 41)

Epithelization (H2O2),
pain (VAS), immediate
bleeding time, sensibility
disorders, and feeding
habits

1) PRF with PeriAcryl:
Significant benefits in
pain and healing; 2)
cyanoacrylate alone: no
difference.

Yıldırım et al.12 (2018) Hyaluronic acid gels (0.2
and 0.8 %) (n Z 12/
group)

Periodontal dressing
(n Z 12)

Epithelization
(inspection), pain (VAS),
and burning sensation

Hyaluronic acid: 1)
accelerating healing; 2)
reducing pain

Isler et al.16 (2019) Collagen, PRF, retainer,
ozone, & laser (n Z 50)

Spontaneous healing
(n Z 10)

Pain (VAS) and Oral
Health Impact Profile
(OHIP-14) questions

Reducing postoperative
pain for both collagen
sponge and PRF.

Kızıltoprak, Uslu17 (2020) Injectable PRF, and
autologous fibrin glue
(AFG) (n Z 12/group)

Moist sterile tamponade
(n Z 12)

Epithelization (H2O2),
pain (VAS), soft tissue
healing, scar, bleeding,
and tissue thickness

Injectable PRF/AFG:
1) accelerating healing;
2) reducing pain

Castro-Gaspar et al.23 (2021) Cyanoacrylate adhesive
(Periacryl�90) (n Z 10)

Suture (n Z 14) Epithelization (H2O2),
pain (VAS),
inflammation, bleeding,
necrosis, etc

Cyanoacrylate: no
difference in healing
time and pain

Alpan, Cin9 (2023) Groups: hyaluronic acid
gel (0.6 %), HOCl, and
flurbiprofen (n Z 15/
group)

Spontaneous healing
(n Z 15)

Epithelization (H2O2),
pain (VAS), healing
index, analgesic
consumption, color
match, and bleeding

Hyaluronic acid: 1)
accelerating healing; 2)
reducing pain

Karimi et al.31 (2024) Cyanoacrylate adhesive
(Periacryl�90) (n Z 10)

Suture and periodontal
dressing (n Z 10)

Epithelization (H2O2),
pain (VAS), discomfort,
analgesic consumption,
eating status, bleeding,
dimensional change

Cyanoacrylate: 1) no
difference in healing
time 2) reducing
postoperative pain

D1: Randomisation process; D2: Deviations from the intended interventions; D3: Missing outcome data; D4: Measurement of the outcome; and D5: Selection of the reported result; low
risk; some concerns; high risk) (VAS: Visual Analog Scale; PRF: platelet-rich fibrin).
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Figure 2 Efficacy of bioactive materials on post-operative healing.

Journal of Dental Sciences 20 (2025) 953e961
dedicated to the topic of wound healing.9,12,17,19,21,23 The
four mentioned studies in the context of wound heal-
ing,9,12,17,23 along with three additional studies,16,22,31

were analyzed according to the VAS pain scale, resulting
in a total of seven studies in this category (Fig. 3).
957
Effect of bioactive materials on wound healing

In the six incorporated studies, the assessment compared
the number of patients who achieved complete epithelial-
ization on post-operative day 14. Overall, among 107



Figure 3 Efficacy of bioactive materials on post-operative pain of day 1e3 and day 7 (I. Forest plots, and II. Funnel plots).
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patients with bioactive materials and 112 patients without,
exposure to bioactive materials significantly favored heal-
ing (OR Z 4.28, 95 % CI Z 2.22e8.28, P < 0.0001, fixed-
effects model), with no heterogeneity (I2 Z 0 %) (Fig. 2).
In addition, the funnel plot did not show obvious sign of
dissymmetry, suggesting no significant publication bias. For
individual materials, two studies were analyzed for each
material of HA, PRF, and cyanoacrylate adhesive subgroups.
In the two studies focusing on HA,9,12 exposure significantly
favored healing, with an increased number of patients
achieving complete epithelization among the 54 patients
(27 patients with and 27 without HA) (OR Z 4.80, 95 %
CIZ 1.38e16.69, PZ 0.01). A similar positive response was
also noted with PRF (OR Z 12.81, 95 % CI Z 3.04e53.93,
P Z 0.0005),17,21 but not with cyanoacrylate adhesive
(OR Z 2.24, 95 % CI Z 0.84e5.96, P Z 0.11).19,23 Moreover,
all of these subgroups presented no statistical
heterogeneity.

Effect of bioactive materials on post-operative pain

In the meta-analysis of pain, two time-point periods for
measuring VAS scales were selected: within 3 days (day
1e3) and on day 7 post-operatively (Fig. 3).9,12,16,17,22,23,31

Besides, the bioactive material of collagen was further
included in the analysis for pain.16,22 The results showed
that exposure to bioactive materials significantly improved
VAS scores within day 1e3 (MD Z 2.14; 95 %
CI Z 1.18e3.10; P < 0.0001; Fig. 3-I) and also on day 7
(MD Z 1.82; 95 % CI Z 0.62e3.02; P Z 0.003). However,
the heterogeneity at both observation time points was high
(I2 Z 66 % and 90 %, respectively), and the asymmetrical
funnel plots suggest a potential publication bias across the
studies. By subgrouping, significantly favorable results were
observed for HA, PRF, and collagen, but not for cyanoac-
rylate adhesive, on post-operative day 1e3 and day 7
(Fig. 3-I). No heterogeneity was found in the collagen or
PRF subgroups at either time point, and low heterogeneity
was noted for cyanoacrylate group on day 7 (I2 Z 47 %).
Nevertheless, high heterogeneity still persisted in the HA
subgroup (I2 Z 91 %) on day 1e3.

Discussion

The present meta-analysis aimed to assess the effective-
ness of bioactive materials, such as HA, PRF, collagen, and
cyanoacrylate adhesive, in promoting healing and managing
pain after epithelialized gingival graft harvesting. Overall,
significant improvements in healing and pain management
were observed (Figs. 2e3). However, in studies examining
post-operative pain on days 1e3 and day 7, high hetero-
geneities were observed (I2 Z 66 % and 90 %, respectively;
Fig. 3-I), and the asymmetrical funnel plots might express
the potential publication bias (Fig. 3-II). Although the exact
reasons for this high heterogeneities and the potential
publication bias are not known, they may be attributed to
variations in material characteristics and tissue engineering
mechanisms, such as collagen’s role in scaffolding,33 PRF’s
provision for growth factors,34,35 and cyanoacrylate’s
function in tissue fixation.36,37 Therefore, the subgrouping
analyses base on individual material were performed,
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revealing the benefits with reduced heterogeneity. How-
ever, high heterogeneity persisted for HA on days 1e3
(I2 Z 91 %, Fig. 3-I). This could be due to data collection
being limited to a single day within the first three post-
operative days, leading to varied observation points.
Other contributing factors may include differences in pain
perception, population backgrounds, and the limited
number of studies included. In addition, the current meta-
analysis is limited by the narrow selection of bioactive
materials and the small number of clinical trials included.
Although the alternatives such as Alvogyl,27 enamel matrix
derivative,28 erythropoietin,38 honey,39 medicinal plant
extracts,40 and flurbiprofen oral spray41 have been used for
the treatment of palatal wounds after graft harvesting,
these were not included in the analysis due to the limited
number of available trials.

In the current subgroup analysis, our results have shown
that the advantageous effects of utilizing HA and PRF as a
bioactive materials demonstrated favorable outcomes in
terms of complete epithelialization and post-operative pain
at the palatal donor site following gingival graft harvesting.
The wound-healing promoting effects of HA have been
acknowledged in both medical and dental fields.42 HA,
categorized as a natural polymer under glycosaminogly-
cans, is widely distributed throughout the human body,
including in the skin, joints, and connective tissues.43 A
recent clinical trial has indicated that the application of HA
with a collagen sponge on the palatal donor site during
gingival graft harvesting resulted in reduced post-operative
pain compared to using a collagen sponge alone.11 Howev-
er, this study was excluded from the present meta-analysis
due to its comparison between the HA with collagen sponge
and collagen sponge (control) groups. Additionally, the
study by Hassan et al.10 was excluded because of the
absence of provided mean and standard deviation data.

This analysis found that PRF enhances palatal wound
healing and mitigates postoperative pain, likely attributable
to its release of growth factor.34 However, variability in PRF
preparation methods may contribute to inconsistent
research outcomes.16,17,21 Consistent with our findings, two
recent reviews have endorsed PRF for palatal wound heal-
ing.44,45 However, Meza-Mauricio et al. provided a descrip-
tive reviewwithout quantitative analysis due to limited trials
and high heterogeneity.45 The meta-analysis conducted by
Gusman et al.44 was based on two clinical trials; however,
these trials lacked either a standardized control group or an
appropriate test group.15,19 Nevertheless, neither of these
studies was included in the present meta-analysis.

Collagen, or collagen sponge, often used as a dressing
material for its hemostatic and pain-reducing proper-
ties,15,22,26 is commonly chosen as the carrier14,26,29 or the
control group11,15,20,29,30 in studies on palatal wound heal-
ing after gingival graft harvesting. However, only a few
studies have compared postoperative outcomes between
the exclusive use of collagen and its absence.16,22 This
meta-analysis included two studies, showing a significant
reduction in post-operative pain on days 1e3 and day 7
(Fig. 3-I). However, the analysis on collagen’s effectiveness
in promoting complete epithelialization was not performed
due to differing wound healing criteria in these studies, the
remaining area in one study16 and histological evaluation in
another.22
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Cyanoacrylate tissue adhesive have been suggested to
reduce post-operative pain and improve healing based on
qualitative analyses in two systematic reviews by Verı́ssimo
et al. and Escobar et al.24,46 However, the present meta-
analysis found no significant advantage of cyanoacrylate
in promoting healing at week 2 or in providing pain relief on
days 1e3 and day 7 (Figs. 2 and 3). Discrepancies in these
findings may arise from differences in interval selection,
study recruitment, and qualitative versus quantitative
synthesis methods. For instance, a study by Ozcan et al.19

included in both this meta-analysis and Verı́ssimo’s re-
view, reported better healing at week 3 with cyanoacrylate
but not at week 2, the time point considered in this meta-
analysis. The two studies included in Verı́ssimo’s review,
conducted by Tavelli et al.26 and by Gumus and Buduneli,36

were not included in the present analysis due to differing
outcome parameters. Similarly, the systematic review by
Escobar et al. suggested the potential efficacy of cyano-
acrylate in alleviating post-operative pain based on quali-
tative synthesis.24 Of the four studies analyzed for pain in
Escobar’s review, none were included in the current study
due to various reasons: two were excluded because of
incomplete data,19,26 another involved subepithelial con-
nective tissue graft harvesting instead of epithelialized
gingival graft harvesting,25 and the fourth lacked a standard
control group.29

In conclusion, this meta-analysis aimed to assess evi-
dence on the efficacy of bioactive materials of HA, PRF,
collagen, and cyanoacrylate adhesive in promoting healing
and pain management at the palatal donor site following
epithelialized gingival graft harvesting. HA and PRF showed
significant improvements in wound healing at week 2 and
pain relief on days 1e3 and 7. Collagen also positively
impacted VAS pain scores. However, cyanoacrylate did not
offer any advantage in healing or pain relief. Further clin-
ical trials are recommended.
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12. Yıldırım S, Özener H, Do�gan B, Kuru B. Effect of topically
applied hyaluronic acid on pain and palatal epithelial wound
healing: an examiner-masked, randomized, controlled clinical
trial. J Periodontol 2018;89:36e45.

13. Hassan A, Akl N, Adel-Khattab D. Platelet rich fibrin versus
hyaluronic acid as palatal wound dressings following epi-
thelialized free gingival graft harvest: a randomized controlled
clinical trial. Egypt Dent J 2020;66:1587e97.

14. Basma HS, Saleh MHA, Abou-Arraj RV, et al. Patient-reported
outcomes of palatal donor site healing using four different
wound dressing modalities following free epithelialized
mucosal grafts: a four-arm randomized controlled clinical trial.
J Periodontol 2023;94:88e97.

15. Femminella B, Iaconi MC, Di Tullio M, et al. Clinical comparison
of platelet-rich fibrin and a gelatin sponge in the management
of palatal wounds after epithelialized free gingival graft har-
vest: a randomized clinical trial. J Periodontol 2016;87:
103e13.
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