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Abstract

Background and Aim: This study investigated the effect of applying
cyanoacrylate adhesive on clinical indices involved in the healing
process of the palatal wound following free gingival graft (FGG)
harvesting.

Materials and Methods: In this randomized controlled clinical trial, 15
patients who required bilateral FGG harvesting were randomly assigned
to two groups. In the suture group, the wound was closed by Vicryl 4-0
sutures; whereas in the control group, the wound closure and
hemostasis were attained by applying a concentrated mixture of n-butyl
and 2-octyl cyanoacrylate. The primary outcomes included pain
according to a visual analog scale (VAS), discomfort, healing rate, early
and late bleeding, ease of feeding, wound epithelization rate, and
sensory disturbances within one week and three months following the
surgery. Statistical analysis was performed with the Chi-square and
Mann-Whitney U tests (alpha=0.05).

Results: Cyanoacrylate application on the wound was significantly
faster than suturing (2.12+£1.23 minutes vs. 8.42%+2.24 minutes,
P<0.0001). The mean postoperative pain score (P=0.015), patient
discomfort (P=0.017), and healing rate (P=0.024) were significantly
more favorable in the cyanoacrylate group compared to the control
group during the first week after surgery. Rate of wound
epithelialization showed no significant difference between the two
groups (P>0.05).

Conclusion: Application of cyanoacrylate adhesive to enhance the
healing of palatal donor site wound decreased pain and discomfort and
enhanced healing during the first postoperative week. In general,
cyanoacrylate application is comparable to suturing in palatal wound
healing and may be used for faster (by 6 minutes) closure of FGG
wounds.
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Introduction

The palatal wound created following free
gingival graft (FGG) surgery is usually
accompanied by patient discomfort. The wound
healing process after surgery has always been a
concern for dentists. In the oral cavity, healing is
considered to be more complicated due to the
movement of the tongue, swallowing, and
chewing [1]. With the development of prosthetic
treatment options and the necessity to increase
the keratinized gingiva width, periodontal
plastic surgery has become more popular [2].
Nowadays, materials such as hemostatic
substances (including absorbable
collagen/gelatin sponge, oxidized regenerated
cellulose, sulfate) [3], antibiotics,
mouthwashes [4], medicinal plant extracts [5],
platelet concentrates [6] and more recently
erythropoietin [7] are used to accelerate the
healing process and reduce long-term bleeding
and pain originating from palatal wounds. If the
donor site is not managed correctly after graft
harvesting, pain, bleeding, or infection may
occur and lead to further complications for
patients. Cyanoacrylate is a suitable alternative
for management of extraoral
advantages include fast application, patient
comfort, infection, hemostatic
properties, and no need for a second session for
suture removal [8].

Cyanoacrylates, first introduced by Coover in
1959, are a group of structurally simple and
inexpensive adhesives used to stabilize tissues in
periodontal plastic surgery [9, 10]. Butyl
cyanoacrylates  have  bacteriostatic  and
hemostatic properties, are biodegradable, have a
long half-life, and have optimal biocompatibility.
They have adhesive properties
environments, and they are also available in
formulations suitable for intraoral use [11]. A
study conducted in 2003 reported the
hemostatic properties of cyanoacrylates in
patients under treatment with warfarin [12].

There is a gap of information on the effect of
cyanoacrylate adhesive on the palatal donor site
for a FGG; thus, this study aimed to evaluate the
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effect of cyanoacrylate adhesive on clinical
parameters of palatal wound healing following
FGG harvesting.

Materials and Methods
Ethical approval:

This study was approved by the ethics
committee of the Faculty of Dentistry, Islamic
Azad University of Tehran
(IRIAU.DENTAL.REC.1397.037) and registered
in the Iranian Registry of Clinical Trials
(IRCT20120311009260N3).

Sample collection:

This split-mouth clinical trial was performed
on patients Periodontics
Department of the School of Dentistry of Islamic
Azad University of Tehran in 2018-2019. All
patients who required bilateral FGGs were

referred to the

evaluated after obtaining written informed
consent from them.

A computer-generated randomization list
(Excel 2016, Microsoft Co., Redmond,
Washington, USA) was used to randomly assign
one quadrant of each patient to the test and the
other one to the control group. In the test group,
cyanoacrylate adhesive (PeriAcryl®90, GluStitch
Inc., BC, Canada) was applied over the donor
site; whereas, conventional sutures (Vicryl 4-0
suture material; Supa Medical Devices Co.,
Tehran, Iran) and periodontal dressing (Coe-
Pak™, GC America Inc., Chicago, IL, USA) were
utilized in the control side. Acetaminophen (500
mg; Arya Pharmaceutical Co., Tehran, Iran) was
prescribed for pain control before and right after
the surgical procedure. The patients signed an
informed consent not to take any other analgesic
on the day of surgery.

Systemically healthy patients with
inflammation-free periodontium, and suitable
palatal vaults for bilateral FGG harvesting
between 35 to 60 years of age were included in
this study. The exclusion criteria were patients
with significant systemic diseases affecting oral
mucosa or wound healing, pregnancy, presence
of painful oral conditions such as teeth requiring
root canal treatment, psychiatric diseases, intake
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of drugs interfering with wound healing or basic
metabolism, smoking and alcohol consumption,
history of surgery in the past 6 months, and
trauma to the head and neck region.

Surgical procedure:

The thickness of the FGG was attempted to be
roughly 1.5 mm. Also, a template (10 mm x 5
mm) was employed to replicate the graft on both
sides of the palate. The steps utilized in this
process are shown in Figures 1 to 4.

Figure 1. Palatal donor site immediately after surgery.
Conventional sutures (left) and cyanoacrylate adhesive
(right) were applied to the wound area

Figure 2. Palatal donor site one week after surgery.
Conventional sutures (left) and cyanoacrylate adhesive

(right)

Figure 3. Palatal donor site one month after surgery.
Conventional sutures (left) and cyanoacrylate adhesive

(right)

Figure 4. Evaluation of epithelialization by applying 3%
H202. Presence of bubbles in the first week (left). No bubble
could be seen in the first month, which indicates

completion of epithelialization (right)

Pain was assessed by using a visual analog
scale (VAS) [13]. The level of pain was marked
on a 10-cm line representing a continuum
between "no pain" and "the worst pain
imaginable.” The 10-cm VAS was used at 5 hours
post-surgery and also on a daily basis for one
week. The patients were contacted to be
reminded to record their pain score during this
time period in the checklist. During the first
week, the patients were also asked to record the
number of taken analgesics in a timetable. Also,
the level and duration of pain were marked
using the VAS ruler. The patients were recalled
at 1 and 3 months postoperatively and re-
evaluated for pain [13].

The discomfort of patients was also recorded
using a 10-cm scale with zero indicating "no
discomfort,” and 10 indicating
discomfort imaginable." This scale was used at 5
hours post-surgery and on a daily basis for one
week. The patients were contacted to be
reminded to record their discomfort. The
patients marked their discomfort in the checklist
daily for the first week and were re-evaluated
after 1 and 3 months [14].

Healing was assessed by a five-point healing
scale, graded from 1 to 5. Score 1 indicated
uneventful healing, 2 indicated healing with
inflammation, 3 indicated healing with clot
dehiscence, 4 indicated healing with wound
dehiscence, and 5 indicated no healing [15].

The epithelialization rate was assessed
clinically through standardized color
photography of the donor site on the day of
surgery, and at 7 days, 1 month, and 3 months
after surgery. One single operator (Dr. GH
Anoosh) took all the photographs with a DSLR
camera (Canon 600D, Canon Inc., Ota, Tokyo,
Japan) coupled with a 100 mm macro lens with a
flash on, and standardized settings. The
photographs were taken perpendicular to the
area, and to standardize the images, a 5.5 x 2
mm aluminum foil was placed next to the donor
site as a reference to assess the changes in
wound size (standard visual scale). The
assessments repeated by a second

"extreme

were
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examiner, and the wound edges on the
photograph were traced twice using a computer
program (Adobe Photoshop CC 2018, Adobe Inc,,
San Jose, CA, USA) by both examiners [16]. The
rate of epithelialization was assessed by
applying 3% H:0; over the area and observing
the bubbling. In case of presence of an intact
epithelial membrane, H,0, would not penetrate
into the area, and no bubbles would form. After
applying 3% H;0,, absence or presence of
bubbles in < !5 of the donor site was considered
as a sign of complete epithelialization. If
bubbling was spotted in more than % of the
donor site, moderate epithelialization was
reported, and if between % to % of the donor site
contained bubbling, mild epithelialization was
recorded [17].

Sensory disorders were examined by moving
a periodontal probe in 4 palatal areas (coronal,
apical, mesial, distal) compared to the opposite
side of the palate at 1 week, 1 month, and 3
months after surgery. According to the patients’
responses, sensory loss was reported as none,
mild, moderate, and severe [18].

If the patients managed to consume hard or
warm foods in the first days after surgery, their
eating habit was deemed normal. If the patients
struggled with consumption of hard and hot
foods, their eating habit was categorized as
severe, and if only one of the two variables of
hardness or heat was altered, it was considered
moderate [18]. To avoid disrupting the patients’
eating habits, the graft harvesting surgery was
carried out on for the opposite side one month
later.

Statistical analysis:

The Mann-Whitney U test was used for
statistical analysis of
bleeding indices, and the Chi-square test and
Friedman test were applied for other indices
including pain, discomfort, number of taken
analgesics, healing rate, epithelialization rate,
sensory disorders, feeding, and
dimensional changes. Level of significance was
setat 0.05.

immediate and late

normal

Results

This study was performed on 15 patients to
evaluate the effect of cyanoacrylate adhesive on
clinical parameters of palatal wound healing
following FGG. According to the split-mouth
study design, the FGG samples consisted of 30
pieces divided into two groups of conventional
suturing (without adhesive) with dressing, and
cyanoacrylate adhesive.

The mean age of the patients was 47.2+1.53
years (range 37 to 58 years), and included 53%
males (n=8) and 47% females (n=7). None of the
samples had systemic diseases, pregnancy,
smoking habits, history of trauma, or surgery in
the past 6 months.

Pain: At 1 week, the pain score was
significantly higher by 1.54 units (17%) in the
control group than the test group (P=0.04). At 1
month, the pain score was 1.13 units (29%)
lower in the case group and this difference was
not statistically significant (P=0.1). At 3 months,
the pain score was not significantly different
between the two groups (P=0.8).

Discomfort: At 1 week, the discomfort score
was significantly lower in the control group by
15.8% or 1.18 units (P<0.05). At 1 month, the
discomfort score was 0.94 units (32%) lower in
the test group, but the difference was not
statistically significant (P=0.2). At 3 months, the
difference in discomfort between the two groups
was not statistically significant (P=0.9).

Number of taken analgesics: The number of
taken analgesics was significantly lower in the
test group by 2.12 tablets or 21% (P<0.002).

Healing rate: At 1 week, the healing rate was
0.9 units (22%) higher in the test group. This
difference was statistically significant (P<0.05).
At 1 month, the healing rate was 0.24 units
(10.4%) lower in the test group. This difference
was not statistically significant (P=0.8). At 3
months, the healing rate was not significantly
different between the two groups (P=0.9).

Epithelialization rate: At 1 week, the
epithelialization rate was higher in the control
group by 0.27 units or 19.3% (P<0.08).

Sensory disorders: Moderate and severe
degrees were not seen at any time point in any
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group. The difference in sensory disorders was
not significant between the two groups at 1
week (P=0.8) or 1 month (P = 0.8). At 3 months,
none of the patients in any group had sensory
disorders.

Eating status: The difference
parameter was not significant between the two
groups at 1 week (P=0.07) or 1 month (P=0.9).
In the last follow-up, the two groups showed
similar results.

Dimensional changes: At 1-week,
dimensional changes were significantly higher in
the control group by 0.81 units or 28.9%
(P<0.01). This difference was not statistically
significant at 1 month (P=0.2). In the last follow-
up, the two groups demonstrated similar results.

in this

Table 1. Parameters assessed in the two groups at 1 week

Immediate bleeding: There was no
significant difference in immediate bleeding
between the two groups (P>0.05).

Late bleeding: The difference in this regard
was not significant between the two groups at 1
week (P = 0.7), and no further bleeding was seen
in any group in the next follow-ups.

The time required for cyanoacrylate
application was 2.12+1.23 minutes while the
time required for suturing was 8.42%2.24
minutes, indicating  significantly = faster
application of cyanoacrylate than suturing by
6.32 minutes (P<0.001).

Tables 1 and 2 show the assessed parameters
at 1 week and 1 month, respectively.

Parameter/Group Cyanoacrylate adhesive Suturing P-value
Discomfort 6.29+1.28 7.46+1.25 0.017*
VAS score 7.53£1.29 9.06+1.28 0.015*
Number of analgesics taken 8.12+1.32 10.24+1.88 0.001*
Healing rate 4.93+0.96 4.02+1.13 0.024*
Epithelization I\Na(l’l:e 123 Z 0.27
. Early 1 0 0.95
Bleeding Late 2 3 0.22
Normal 11 0.95
Sensory disorders Mild 4 12
3
Normal 0 0 0.04*
Eating status xggera te 2 g
Severe 4 9
Dimensional changes 1.99+0.54 2.80+0.53 0.0003**
* Denotes a significant difference (P<0.05)
** Denotes an extremely significant difference (P<0.001)
Table 2. Parameters assessed in the two groups at 1 month
Parameter/Group Cyanoacrylate adhesive Suture P-value
Discomfort 1.99 £1.33 2.86+1.76 0.11
VAS score 2.80+1.74 393+212 0.12
Number of analgesics received - - -
Healing 2.06+1.43 231+1.22 0.61
. - Moderate 6 3 0.42
Epithelization Complete 9 12
Bleeding - - -
Sensory disorders Normal 13 14 0.95
y Mild 2 1
Normal 7 8 0.95
Eating status xggera te g g
Severe 0 0
Dimensional changes 38.42 + 8.62 41.90 +7.39 0.24

* Denotes a significant difference (P<0.05)
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Discussion

This controlled clinical trial evaluated the
effect of application of cyanoacrylate adhesive
compared to conventional suturing and dressing
of the palatal donor site for FGG in a split-mouth
design. The results revealed that the use of
cyanoacrylate adhesive had a significant positive
effect on some clinical parameters, such as the
level of pain and discomfort experienced by
patients and the healing rate.

FGG is a surgical technique that was
introduced nearly 40 years ago to address the
problem of keratinized tissue loss [19] and, up
until now, has been the focus of considerable
research [20]. Although other techniques such as
subepithelial connective tissue grafting are
widely used to treat gingival recessions, FGG is
still a popular technique to increase the width of
keratinized tissue. Due to its anatomical
advantage and the possibility of harvesting
tissue with ideal thickness, the palate has been
recommended as an excellent site for FGG
harvesting [21]. However, complications such as
paresthesia, herpetic lesions, mucocele, heavy
bleeding, and significant pain following FGG
harvesting have been reported [22]. The area
from the distal aspect of the maxillary canine to
the first molar is the ideal donor site so that a
safe distance could be maintained from the
greater palatine artery, and also the obtained
results would be comparable to those of
previous investigations [23]. The ideal thickness
of FGG is between 1-2 mm; In this study,
standardization tools were used to ensure the
average thickness of FGG to be 1.5 mm. In
another study, the same thickness of FGG was
used [20] while another study did not mention
the thickness of harvested FGG [24].

Hemostatic agents, antiseptics, antibacterial
agents, and a variety of herbal products have
been proven to be effective to prevent FGG
donor site complications [7], but efforts to find
an ideal substance have been unsuccessful, and
unwanted complications such as delayed wound
healing and foreign body reaction have been
reported [5-7].

Cyanoacrylate is a liquid acrylic acid
derivative that, as a monomer, polymerizes
when water or body secretions come in contact
with it. It shapes a thin layer that holds the
wound's edges together. It has a hemostatic,
bacteriostatic, and slightly bactericidal effect,
and its polymerization and adhesion to the living
tissues create an impermeable layer against
liquids and metabolites [25-27]. The effect of
cyanoacrylate adhesive on FGG wound healing,
and patient satisfaction has not been previously
investigated. However, the positive effect of
cyanoacrylate adhesive on wound healing in oral
mucosal surgeries has been previously reported.
Ghoreishian et al. [28] used tissue adhesives and
sutures to surgical
mandibular third molar extraction, and, similar
to the results of the present study, showed that
the rate of postoperative healing was
significantly greater in the test group than the
conventional suture group.

Using cyanoacrylate to close the palatal
wound took about 6 minutes less time than
suturing in the present study. Similar to the
findings of the present study, Soni et al. [29]
found that the longer the incision length to
harvest the graft, the greater the time savings
when using cyanoacrylate adhesive because the
cyanoacrylate application time, unlike sutures,
does not increase with the length of the incision
[29]. Saving time can reduce patient discomfort
during surgery and increase patient compliance.

There significant
between the two groups in terms of patients'
age, palatal mucosal thickness, incision length,
and the harvested FGG thickness. In other words,
these factors were standardized in both groups
in order not to have a confounding effect on the
Also, study by
Stavropoulou et al. [10] in which the number of
females was higher,
between male and female patients in the present
study.

A 10-point VAS was used to assess pain and
discomfort of patients in the present study.

close wounds after

were no differences

results. unlike a recent

there was a balance
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Given the subjective nature of pain, there are
constraints in documenting personal experience
[30]. However, VAS seems to be a valid tool for
assessment of clinical parameters, and especially
postoperative pain [30]. In the present study,
patients reported lower level of pain and
discomfort and less analgesic consumption in
the first week after surgery when cyanoacrylate
adhesive was used for the donor site. Similarly,
Galil et al. [31] reported that patients'
acceptance of tissue adhesives was very high due
to lower level of pain and less interference with
chewing. Vastani and Maria [32] reported that
cyanoacrylate adhesive enhanced early healing
and reduced intraoperative and postoperative
discomfort in patients. Khurana et al. [26] found
no significant difference in pain, discomfort,
burning sensation, and esthetic results between
the two groups, but the rate of healing was
higher in the cyanoacrylate group one week after
surgery compared to the suture group. Thus,
they concluded that cyanoacrylate could be
helpful healing. This vital
advantage of cyanoacrylate over conventional
sutures can significantly affect the patients’
surgical experience and future compliance.
Experiencing less pain and discomfort after
surgery and saving time improve patients’
intraoperative and postoperative comfort. Also,
lower level of pain and discomfort would help

in early initial

the patients to resume daily activities sooner.
Regarding the donor site's epithelialization

rate, 13% of the

cyanoacrylate adhesive and 40% of the sutured

areas covered with
areas showed mild epithelialization. One month
after healing, 60% of the areas covered with
cyanoacrylate adhesive and 80% of the areas in
the conventional suture group showed complete
epithelialization. Similar to the present findings,
Del Pizzo et al. [33]
epithelialization in only 17% of patients at the 2-
week follow-up, and all patients at the 1-month
follow-up after standardized FGG harvesting.
Differences in imaging techniques of the palate
and evaluation of epithelialization by comparing

showed standard

clinical images could explain the slight
discrepancy observed with the current results at
the 1-month follow-up. The method used in the
present study is based on assessing the quality
of the epithelial barrier. If the barrier is
incomplete, H20: is released into the connective
tissue, and with catalase function, bubbles form
on the wound surface [34], which is more
accurate and objective than the method used by
Del Pizzo et al. [33]. Also, in general, rate of
epithelialization in the cyanoacrylate adhesive
group was significantly less than that in the
suture group, which may be because the
adhesive is washed out from the surface five
days after surgery and its remnants are removed
by phagocytes [31].

Kulkarni et al. [35] reported lower level of
clinical and histological inflammation at 7 days
after applying cyanoacrylate to close the
periodontal flap compared with sutures, which
was washed out on day 21, postoperatively, but
no giant cells or histocytes were seen in any
group. In contrast, Bhaskar and Cutright [36]
stated that if cyanoacrylate penetrates deeply
into the tissues, it can cause a giant cell reaction
and phagocytosis. Therefore, in the present
study, applied
topically. An aluminum foil surface was
employed to prevent the entrapment of
cyanoacrylate adhesive particles within the
wound.

One limitation of this study was its reliance
on patient satisfaction, introducing the potential
for personal perceptions to influence the results.
Nonetheless, the study addressed this concern
through a split-mouth design, lack of selection
bias, a robust sample size (15 samples), and
of wvariables, including
anesthetics, sutures, and analgesics. These
measures enhanced the validity and strength of
the present investigation.

cyanoacrylate adhesive was

meticulous control

Conclusion
The results demonstrated that application of
cyanoacrylate adhesive effectively reduces pain
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and discomfort in the first week post-surgery,
along with a shortened surgical time. No
significant differences were observed between
the cyanoacrylate and conventional
groups in terms of postoperative bleeding,
sensory disorders, and eating habits of patients.

suture
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