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ABSTRACT

Obijective: In this experimental work, we aimed to compare the
efficacy of two different methods of combining the mucoperios-
teal flaps in an animal model: using a tissue adhesive material
N-butyl-2-cyanoacrylate (Glubran®2) and the classical suturing
technique in cleft palate surgery.

Methods: Rats were separated into group A and B. In group A
(n=12) mucoperiosteal flaps were brought together with absorb-
able suturing material, while in group B (n=12), adhesive mate-
rial was used for the same purpose. Palatal mucosa healing was
evaluated histologically in terms of inflammatory cell infiltration,
fibroblastic activity and vascularization on the postoperative 8%
and 16" days.

Results: As a result of this experimental study, there were no
differences macroscopically in palatal mucosa healing in both
groups. Histologically, on day 8, the inflammation severity was
higher in the suture material group and the difference was statis-
tically significant. On day 16, fibroblastic activity was significantly
lower in the suture material group. There was no significant dif-
ference between the groups in terms of vascularity.

Conclusion: As a result of these findings, Glubran®2 was found
to be easily usable and effective with low complication rates,
moreover, it was a practical tissue adhesive material for merging
mucosal flaps in the midline of the palate.
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OZET

Amag: Bu deneysel calisma, mukozal yapilarda etkili olan bir
cesit doku yapistinicisi olan N-butil-2-siyanoakrilatin (Glubran®2)
hayvan modelinde damak onariminda etkinligini kanitlamak ve
damak mukoza iyilesmesinde sitir materyali ile bu yapistiricinin
etkinligini karsilastirmak amaciyla yapiimistir.

Gereg ve Yéntem: Sicanlar iki ana gruba aynldi. Grup A'da
(n=12) mukoperiosteal flepler sttlr materyali ile bir araya geti-
rilirken, grup B'de (n=12) mukoperiosteal flepler doku yapistirici
ile biraraya getirildi. Damak mukoza iyilesmesi, histolojik olarak,
inflamatuar hicre infiltrasyonu, fibroblastik aktivite ve vaskilari-
zasyona bakilarak, postop 8. glin ve 16. glinde degerlendirildi.

Bulgular: Bu calismanin sonucunda; dikis materyaliyle doku
yapistiricisi arasinda makroskobik bir fark saptanamamistir. His-
tolojik olarak, 8. glinde, dikis grubunda inflamasyon siddetinin
istatistiksel olarak anlamli sekilde yiksek oldugu goérildu. Dikis
grubunda 16. glinde, fibroblastik aktivitenin istatistiksel olarak
anlamli miktarda dustk oldugu gorildu. Vaskdlarite agisindan,
iki grup arasinda benzer degerler gorildu.

Sonug: Bu bulgular neticesinde, N-butil-2 siyanoakrilat'in ya-
rk damak cerrahisinde, mukozal fleplerin orta hatta tespitinde
(sutlr tekniklerinin uygulanmasi zor olan bu dar cerrahi sahada)
kolay uygulanabilen, etkin ve komplikasyon orani disiik, cerrah
acisindan zaman kaybi yaratmayacak bir materyal olabilecegi so-
nucuna varildi.

Anahtar Kelimeler: Siyanoakrilat, sitir, yarik damak
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INTRODUCTION

The palate consists of two major parts, the soft and hard
palate, which separate the oral cavity from the nasal cav-
ity. In cleft palate patients, the deficiency of mucosa and
bone tissue in the hard palate is the main pathology,
while the lack of mucosal tissue in the soft palate is ac-
companied by velar muscle insufficiency (1).

Palate cleft repair can be grouped in two stages ana-
tomically and functionally. Anatomic repair aims to guide
proper maxilla development and to create an adequate
nasal base. It aims to provide functional repair, mobile
soft palate and velopharyngeal competence. The objec-
tives of cleft palate surgery are normal speech, closure of
anatomical defect, correction of dentoalveolar deformity,
and reduction of growth retardation of maxillary bone. The
success of cleft palate surgery depends on four variables.
These are the type of cleft, the experience of the surgeon,
the technique applied and the timing of the surgery (2).

Simple palate repair is performed by medializing the mu-
coperiosteal flaps prepared from cleft edges and suturing
together in the midline. In palate surgery, the anatomi-
cal location of the palate in the narrow and deep region
makes it especially difficult to suture the flaps. Abnormal
haemorrhages and tissue necrosis due to trauma to the
flaps during the suturing process (which is one of the
most difficult parts of the palate surgery), adversely affect
wound healing. The defect in wound healing causes com-
plications such as infectious discharge and fistula in the
postoperative period. Therefore, N-butyl-2-cyanoacry-
late, which has proven its efficacy on mucosal surfaces and
has an adhesive and haemostatic effect on tissues, can
be used as an alternative to suture materials to prevent
complications that may occur during palate surgery (3).

MATERIAL AND METHOD

Subjects

Twenty-four female Sprague Dawley rats weighing be-
tween 200-300 grams were obtained from Uludag Uni-
versity Experimental Animals Application and Research
Centre. The subjects were followed up in single rat cages
for 12 hours in light, 12 hours in darkness, 65% (£5) hu-
midity at 21 (£3) °C, post-operative 7 days of non-granu-
lated aqueous food followed by standard rat feed. The
study was carried out in Uludag University Laboratory
of Experimental Animals Breeding Application and Re-
search Centre by the decision of the Local Ethics Com-
mittee of Animal Experiments of Uludag University dated
08.02.2018 and numbered 2018-02/02.

Experimental groups

Twenty-four subjects were divided into 2 groups. Follow-
ing creation of the cleft by tissue excision, bilateral mu-
coperiosteal flaps were combined with sutures (n=12) in

group A. In group B, bilateral mucoperiosteal flaps were
combined with tissue adhesive (n=12). Each group was
divided into two subgroups. These subgroups were sac-
rificed using the cervical dislocation method on the post-
operative 8" and 16" days. Twenty-four preserved palate
tissues from all subjects were fixed with formalin, in order
to compare wound healing under the light microscope.

Preoperative preparation and anaesthesia

Ketamine hydrochloride (Ketalar, Pfizer, 40 mg/kg dose)
and xylazine (Rompun, Bayer, 5 mg/kg) were administered
intramuscularly for anaesthesia. During the experiment, if
necessary, a maintenance dose was given at the rate of
half of the initial dose. Sterile drapes were applied to the
surgical site which was cleaned with an antiseptic solution.

Surgical technique

Following general anaesthesia, the subjects were placed
in the supine position, the mouth was opened with the
help of a retractor, and the palate was exposed. A head-
lamp and éX magnification loupe were used for better
evaluation of the surgical site. The soft tissue to be re-
moved from the midline of the palate was marked with
a pen (Figure 1). In all subjects, a tissue of 2 mm in thick-
ness was excised and a defect was created in the stan-
dard palatal midline. Bilateral mucoperiosteal flaps were
prepared on both sides of the defect starting from the
incisive papilla through the last molar tooth (Figure 2).
While the flaps were raised, both large palatine arter-
ies were visualized and preserved. In group A, the flaps
were sutured with 6-0 polydioxanone (PDS) (Figure 3a). In
Group B, the flaps were attached to each other using tis-
sue glue (Figure 3b). An Ethicon brand 6-0 round needle
PDS was used as a suturing material in this study.

Histopathologic study

Half of the rats were sacrificed on the 8" day and the
other half on the 16" day. Samples taken without de-
teriorating the integrity of the palate were kept in 10%
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Figure 1: Drawing of the excision site
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Figure 3: Suturing of mucoperiosteal flaps in group A
and application of tissue adhesive group B

formaldehyde solution. After the formation of paraffin
blocks, longitudinal sections of 2-3 micron in thickness
were taken and stained with hematoxylin-eosin and mas-
son trichrome. Histopathological changes in the palatal
mucosa were evaluated by the same pathologist under
10X and 40X magnification with light microscopy. Vascu-
larity, inflammatory cell infiltration and fibroblastic activity
parameters were examined histopathologically, as de-
scribed in previous studies (4). In the histopathological
examinations, each parameter was divided into classes.

1. Inflammatory Cell Infiltration: 0-None 1-Mild 2-Mod-
erate 3-Severe

2. Vascularity: O-Insufficient 1-Sufficient 2-Rich

3. Fibroblastic activity: 0-None 1-Mild 2-Moderate
3-Dense

Statistical evaluation

Mean, standard deviation, median lowest, highest, fre-
quency and ratio values were used in descriptive statistics
of the data. The distribution of variables was measured
by the Kolmogorov Smirnov test. The Mann-Whitney U
test was used for the analysis of quantitative indepen-
dent data. The SPSS 22.0 program was used during the
analyses.

RESULTS

Macroscopic results

Macroscopically, a randomly selected rat palate from
group A and group B was evaluated on the postopera-
tive 1%t and 4 days. All of the subgroups were evaluat-
ed on the eighth and sixteenth days. We evaluated the
presence of necrosis in mucoperiosteal flaps, exudate
accumulation, wound healing and infection. In all evalua-
tions, the surgical site was photographed for macroscop-
ic comparison.

There was no macroscopic difference on the first post-
operative day. Only the adhesive-treated subject showed
crusting due to adhesion on the wound (Figure 4). No
flap necrosis and wound infection were detected.

It was observed that more exudate was accumulated in
the distal flap in the subject to which adhesive had been
applied on the 4" postoperative day. The majority of PDS
sutures were found to have disappeared (Figure 5). There
was no infection.

On the postoperative 8" day, all exudates had disap-
peared, and wound healing had started in both groups.
In some subjects of the suture and adhesive groups, par-
tial necrosis was observed in the distal unilateral or bi-
lateral flaps. All PDS sutures were lost. No infection was
observed (Figure 6).

All wounds were healed on the 16" postoperative day.
No macroscopic difference was observed (Figure 7).

199




) Comparison of N-Butyl-2-Cyanoacrylate and suture
Istanbul Tip Fakiiltesi Dergisi ® J Ist Faculty Med 2021;84(2):197-207

Figure 4: Postoperative 1¢t day (A) Suture, (B) Adhesive

Figure 5: Postoperative 4" day (A) Suture, (B) Adhesive
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Figure 6: Postoperative 8" day (A) Suture, (B) Adhesive

Figure 7: Postoperative 16" day (A) Suture, (B) Adhesive

Histopathological results

Sections taken from the palate were evaluated histo-
pathologically in terms of inflammation, vascularization
and fibroblastic activities. Histopathological evaluation
was scored numerically. The results are summarized in
Table 1, Table 2, and Table 3.

Wound granulation tissue, inflammation, increased vascu-
larization, fibrous fusion and epithelial regeneration were
examined by hematoxylin-eosin staining. Collagen synthe-
sis was examined by masson trichrome staining (Figure 8).
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Inflammatory granulation appearance was taken at 40x
magnification on the 8" postoperative day (Figure 9). In
the suture group, on the 8" postoperative day, vascular
rich granulation tissue formation and epithelial gener-
ation appearance were taken at 10x magnification with
Hematoxylin Eosin staining (Figure 10). On postoperative
day 16, fibrous junction at the sutured repaired incision
and epithelial regeneration in adhesive-bonded tissue
was achieved at 10x magnification with Hematoxylin Eo-
sin stain (Figure 11).
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Table 1: Inflammatory cell infiltration (Histopathological results)

8t day 16t day Suture Adhesive
Score Suture  Adhesive  Suture  Adhesive 8* day 16t day 8t day 16t day
0 - - - 2 - - - 2
1 - - 3 1 - 3 - 1
2 - 4 1 3 - 1 4 3
3 6 2 2 - 6 2 -

0: Negative, 1: Mild, 2: Moderate, 3: Intense

Inflammatory cell infiltration 8t day Inflammatory cell infiltration 16t day

100%

50%

00%

Moderate Intense Negative Mild Moderate Intense

BSuture B Adhesive BSuture B Adhesive

Table 2: Evaluation of vascularity (Histopathological results)

8t day 16™ day Suture Adhesive
Score Suture  Adhesive  Suture  Adhesive 8t day 16t day 8t day 16t day
0 ) } ) _ _ ) ) _
1 3 5 4 6 3 4 5 6
2 3 1 2 - 3 2 1 -

0: Insufficient, 1: Sufficient, 2: Rich

Evaluation of vascularity 8" day Evaluation of vascularity 16t day

Sufficient Rich Sufficient Rich

BESuture EAdhesive B Suture B Adhesive

Table 3: Evaluation of fibroblastic activity (Histopathological results)

8t day 16t day Suture Adhesive
Score Suture  Adhesive  Suture  Adhesive 8t day 16t day 8t day 16t day
0 2 - - - 2 - - -
1 - 2 - - - 2 - -
2 4 4 5 1 4 5 4 1
3 - - 1 5 - 1 - 5

0: Negative, 1: Mild, 2: Moderate, 3: Intense
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Evaluation of fibroblastic activity 8t" day

70%
60%
50%
40%
30%
20%
10%
00%

Negative Mild Moderate

Suture EAdhesive

Evaluation of fibroblastic activity 16" day

100%
80%
60%
40%

20%
00%

Moderate Intense

Suture EAdhesive

Figure 8: Inflammatory granulation tissue on the postop-
erative 8" day (A) Suture, (B) Adhesive

N ALY AR RS &
Figure 9: Inflammatory granulation tissue on the postop-
erative 8" day in the suture group at 40x magpnification

On the 8™ day, bacteria were observed in some select-
ed suture group subjects (Figure 12). Bacterial coloniza-
tion was observed in the wound on day 16 (Figure 13).
Masson trichrome staining was used to display sufficient
subepithelial collagen synthesis at 20x magnification
(Figure 14).

Figure 10: Vascular rich granulation tissue formation in
the suture group on postoperative 8" day (A) Vascular
rich granulation tissue (B) Epithelial regeneration

Figure 11: Fibrous junction at the repaired incision site at
postoperative 16" day (A) Suture, (B) Adhesive

In the suture group, inflammatory cell infiltration was
found to be significantly higher on the 8" day compared
to the adhesive group (p<0.05). Inflammatory cell infiltra-
tion at day 16 did not differ significantly between the su-
ture and adhesive groups (p>0.05) (Table 4).

In the suture and the adhesive group, assessment of the
vascularity on the 8" day did not reveal any significant dif-
ference (p>0.05). It was the same on the 16" day (p>0.05)
(Table 5).
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Figure 12: Fibrin exudate and bacterial colonies on the
postoperative 8" day (A) Adhesive, (B) Suture

Figure 13: Bacterial colonies in inflammation
Fibroblastic activity on the 8" day in the suture and ad-

hesive groups did not differ significantly (p>0.05). The
fibroblastic activity was significantly lower in the su-

Table 4: Inflammatory cell infiltration 8" day and 16* day

Figure 14: Subepithelial sufficient collagen synthesis

ture group on day 16 compared to the adhesive group
(p<0.05) (Table 6).

DISCUSSION

Cleft palate is a disorder caused by the fusion problem of
bones and soft tissues which separate the oral and nasal
cavities. In a surgical approach, it is necessary to avoid
traumatizing tissues during the correction of the anatom-
ic deformities in the palate, and to protect the muscle
and mucosa as much as possible.

One of the most important points in the surgical treat-
ment of cleft palates is the fixation of mucosal flaps in the
midline. In particular, it is necessary to suture the flaps
in a way that is not taut and combine the flaps without
damaging their edges.

Suture Adhesive
Avr=SD / n-% Median Avr+SD / n-% Median P

8 day 3+0,0 3,0 2,3+0,5 2,0 0,019 ™

Moderate 0 0,0% 4 66,7%

Intense 6 100% 2 33,3%
16t day 1,8+1,0 1,5 1,2+1,0 1,5 0,317 ™

Negative 0 0,0% 2 33,3%

Mild 3 50,0% 1 16,7%

Moderate 1 16,7% 3 50,0%

Intense 2 33,3% 0 0,0%

™ Mann-whitney u test
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Table 5: Evaluation of vascularity 8" day and 16 day

Suture Adhesive
Avr£SD / n-% Median Avr£SD / n-% Median P
8" day 1,5+0,5 1,5 1,2+0,4 1,0 0,241 ™
Sufficient 3 50% 5 83,3%
Rich 3 50% 1 16,7%
16t day 1,3+0,5 1,0 1,0+0,0 1,0 0,138 ™
Sufficient 4 66,7% 6 100%
Rich 2 33,3% 0 0,0%
™ Mann-whitney u test
Table 6: Evaluation of fibroblastic activity 8" day and 16™ day
Suture Adhesive
AvrxSD / n-% Median Avr£SD / n-% Median P
8 day 1,3+1,0 2,0 1,7+0,5 2,0 0,702 m
Negative 2 33,3% 0 0,0%
Mild 0 0,0% 2 33,3%
Moderate 4 66,7% 4 66,7%
16t day 2,2+0,4 2,0 2,8+0,4 30 0,027 ™
Moderate 5 83,3% 1 16,7%
Intense 1 16,7% 5 83,3%

™ Mann-whitney u test

The presence and development of strong adhesive ef-
fects of cyanoacrylates have become an alternative to
conventional treatment methods in many surgical fields.

N-butyl-2-cyanoacrylate is a good biological tissue adhe-
sive due to its bacteriostatic, biodegradable, hemostatic,
strong adhesive properties and tissue compatibility. The
reason for choosing N-butyl-2-cyanoacrylate in our study
is that it has strong bonding properties and good tissue
compatibility in non-dry environments.

There is limited research in the literature about the use
of N-butyl-2-cyanoacrylate in palate surgery. Oztiirk et al.
found a decrease in fistula rates in cases where tissue glue
was used in cleft palate repair compared to closure with
suture material (5). Turkaslan et al. used both suture and
tissue glue in 15 cleft palate patients and found no com-
plications during the postoperative follow-up period (6). In
our study, unlike in the clinical trials, in order to compare the
improvement in cleft palate surgery, in one group only glue
was used and the other group only suturing was performed.
Subsequently, the wound then healing was examined histo-
pathologically and numerical data were generated.

In a study by Kumar et al. 2013, the effects of silk suture
and N-butyl-2-cyanoacrylate on wound healing in the hu-

man oral mucosa were compared histopathologically and
showed less inflammation in the adhesive used group on
day seven (7). In this study by Kumar et al., it was seen
that the intensity of inflammation was higher in the early
period in the group in which suturing was used.

In our study, the severity of inflammation was significantly
higher on the 8"-day in the suture group compared to
the adhesive group (p<0.05). The increase in inflamma-
tion negatively affected wound healing and fibroblastic
collagen activity on day 16. It was significantly lower in
the adhesive group (p<0.05). It was thought that the se-
verity of inflammation in the suture subjects was due to
the penetration of foreign bodies and infectious agents
into the space between the sutures. The most important
feature of N-butyl-2-cyanoacrylate is that it provides a
waterproof seal at the wound site. With this feature, it
protects against foreign bodies and infectious agents.

Quinn et al. reported in their study that N-butyl-2-cya-
noacrylate tissue adhesive has an antibacterial effect,
especially against gram (+) bacteria, in vitro. In addition,
they reported that the N-butyl-2-cyanoacrylate tissue ad-
hesive can be used several times after initial opening of
the container, and that cyanoacrylate forms are not con-
taminated by microorganisms (8).
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The cytotoxicity, blood compatibility and antimicrobial
capacities of biocompatible Glubran® and Glubran®2
tissue adhesives were measured in an in vitro study by
Montanaro et al. When these adhesives were diluted,
they found that their toxicity was acceptable and that
they had a haemostatic effect by reducing the aPTT time.
They also found that they did not inhibit bacterial growth,
although they did prevent the spread of infection (9).

In our study, when tissue adhesive was applied to the
wound, it was observed that it rapidly solidified at the
point of contact with blood and provided effective hae-
mostasis. Macroscopic evaluation showed that crusting
continued on the first postoperative day. In some sub-
jects with adhesive application, necrosis was observed
in the distal mucoperiosteal flaps, similar to those in the
sutured subjects. Therefore, it was thought that tissue
necrosis was not adhesive-induced but may have been
due to surgical technique. Macroscopically, there was no
infection at the wound site in either experimental groups.

Macroscopically, there was no infection at the wound site
in both experimental groups. However, during the histo-
pathological examination, some subjects in the suture
group demonstrated bacteria on the wound surface and
within the wound. Bacterial colonies were observed in
the surface of the wound in early stage, in a single sub-
ject. These findings support the idea that the adhesive
reduces bacterial contamination, which is in accordance
with the results the previous studies.

The adhesive and mechanical properties of Glubran®2
were tested in an in vitro study by Kull et al. (10). Strong
binding ability and the high tensile and shear strength in
biological tissues of the polymerized film has been shown
by tensile tests. In our study, the palate flaps were fixed that
they were not stretched to each other in the middle line in
the subjects those had been applied adhesive. The most
important problem encountered in the clinical practice of
palate surgery is wound formation due to stretch flap clo-
sure. As a result of our study, we think that the complica-
tions can be reduced when adhesive is used together with
the suture material. As we mentioned before, this study is
an experimental study. Therefore, the results obtained can
be a guide for their clinical practice. In this study also it has
been found that the adhesive does not only attach flaps to
each other, it has also been observed that it distributes the
flaps homogeneously to the environment, fixes the flaps to
the base and provides strong bonding. In the postopera-
tive follow-up, flaps remained stable in the midline and no
subjects had any wound detachment.

In our study, the rat palate was used to demonstrate the
efficacy of N-butyl-2-cyanoacrylate in the palatal surgery.
Wijdeveld et al. and in de Braekt et al. examined wound
healing in Beagle dog palates and produced only muco-
sal defects without creating bone defects in the midline

of the palate (11,12). In another similar study, a similar
cleft palate model was established in the rat palate. In
this study, it has been investigated whether hyaluronic
acid has an effect on maxilla development by reducing
scar formation following cleft palate surgery (13). In our
study, we created a cleft palate model similar to the pre-
vious studies. The aim of our study is not to repair the
cleft palate but to show the effectiveness of tissue glue
on the palate mucosa, although it does not exactly re-
semble the cases encountered in daily practice.

N-butyl-2-cyanoacrylate seems advantageous for the
surgeon due to shortened operation time and its strong
adhesive properties. Moreover, it provides haemostasis
and has no tissue toxicity.

As a result of our study, successful results were obtained
in combining the mucoperiosteal flaps with N-butyl-2-cy-
anoacrylate (Glubran®2) in rat palate. These results were
evaluated statistically. In addition, there are findings that
N-butyl-2-cyanoacrylate reduces complications such as
foreign body reaction, granulation tissue formation, tis-
sue necrosis and infection in rats.

The positive results obtained in our study do not show that
tissue glue can only be used in the midline fixation of the
flaps in the cleft palate. Another common condition seen
in the palate is fistula formation. It is mostly seen as a sec-
ondary deformity. Surgical repair is difficult due to scarring
of surrounding tissues and narrow and deep surgical area.
Those require more sensitivity during surgery. For these
reasons, it is thought that tissue adhesive may be an alter-
native to suture materials in palatal fistula repair.

As a result, it is thought that N-butyl-2-cyanoacrylate,
which is used as a surgical tissue glue, is thought to be an
alternative method for using together with suture materi-
als because of its easy application, effectiveness and low
complication rate in cleft palate operations and in fixation
of the mucoperiosteal flaps in cleft palate operations in
narrow surgical areas.
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