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ARTICLE INFO ABSTRACT

Objectives: Wound closure is a part of any surgical procedure. Wound care and healing process are concepts,
which are usually reliant upon sutures. The suture and non-suture repair of the tissues has been a major concern
to surgeons for over four thousand years. The objective of this study is to compare the rates of infection, wound
dehiscence, necrosis and time required by N-butyl cyanoacrylate tissue adhesive and nylon sutures in extraoral
maxillofacial wound closer.

Materials and methods: 24 patients requiring external wound closing were included in this study. Patients were
divided in two groups, in one group wound closer was done by N-butyl cyanoacrylate tissue adhesive and by
conventional nylon suture in the other group. The software STATA® of StataCorp was used in statistical analysis
if this study.

Results: Wound infection, dehiscence, necrosis of tissue edges, time taken for closure was much less in case of
tissue adhesive than conventional sutures.

Conclusion: Advantages of tissue adhesives over conventional wound closure techniques include easy to use,
excellent bacteriostatic property, decreased repair time, elimination of recall visits and comparable short and
long-term cosmetic outcome. Though tissue adhesives have many advantages over conventional wound closure
techniques, they can be used as an alternative to sutures only in superficial small and tension free skin incisions
or lacerations.
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1. Introduction

“Never judge the surgeon until you have seen him closing the
wound” - Lord Moynihan.

Injury to any of the tissues of the body, especially that caused by
physical means and with interruption of continuity is defined as a
wound." Wound healing is a natural and spontaneous phenomenon.
When tissue has been disrupted so severely that it cannot heal naturally
without complications or possible disfiguration of dead tissue and for-
eign bodies must be removed, infection treated, and the tissue must be
held in apposition until the healing process provides the wound with
sufficient strength to withstand stress without mechanical support. A
wound may be approximated with sutures, staples, clips, skin closure
strips, or topical adhesives.” Advantages of tissue adhesives over
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conventional sutures include easy to use, excellent bacteriostatic ac-
tivity decreased repair time and good cosmetic outcome.® Currently
available surgical tissue adhesives can be categorized as either fibrin
tissue adhesives or cyanoacrylates.

Although fibrin tissue adhesives and cyanoacrylates are often dis-
cussed under the general topic of surgical tissue adhesives, these two
substances have different indications and mechanisms of action.”

This study was aimed to evaluate the rates of associated infection,
wound dehiscence, necrosis of tissue wound, time required by N-butyl
cyanoacrylate tissue adhesive when compared to nylon sutures in ex-
traoral maxillofacial wound closer.
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Fig. 1. Box plot for age distribution of patients for each group.

2. Materials and methods

This randomized prospective study involves twenty-four patients
who attended our department from February 2016 till November 2017
for various surgical procedures like open reduction internal fixation,
distraction osteogenesis, incision on facial skin. Twelve cases were
placed in each group of case and control (Fig. 1).

The sample size was selected from the patient pool, reporting to our
department, who satisfied the inclusion and exclusion criteria. Though,
the sample size was rather small its was enough to show and compare
the two methods of wound closure.

The software STATA® of StataCorp was used in statistical analysis if
this study.

Procedures requiring extra-oral incisions less than 6 cm were in-
cluded on a two-group basis. Case group received the wound closure
with N-butyl cyanoacrylate (REKSEAL") while the control group wound
was closed using ETHILON® Nylon non-absorbable Suture (ETHICON).

2.1. Inclusion criteria

e Patients age group was selected between 18 and 70 years.

e Facial incision should be within 2-6 cm limit.

e Both sexes were included in the study.

e Patients who agreed to turn up for post-operative evaluation.

2.2. Exclusion criteria

® Any patient not fulfilling inclusion criteria was excluded.

e Surgical incisions which required to be closed under tension.

e Wounds from animal or human bites.

® Decubitus ulcers & crush wounds

e Known allergy to cyanoacrylate

e Patients with diabetes mellitus.

e Known personal or family history of keloid formation or scar hy-
pertrophy.

2.3. Materials used

In our study we used two materials for skin closure, one being used
in case and the other in control group.
2.4. Case group

N-butyl cyanoacrylate (REKSEAL") from the company REKVINA
PHARMACEUTICALS.
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2.5. Control group

4.0 ETHILON® Nylon Sutures, ETHILON JOHNSON & JOHNSON.
2.6. Armamentarium

Case group (cyanoacrylate):

Disposable hypodermic syringes.
N-butyl cyanoacrylate (REKSEAL") vial.
3.0 vicryl absorbable suture.
Surgical scalpel.

Tweezers.

Cotton roll.

Addison's tissue forceps.
Mosquito forceps.

Dry gauze.

Straight probe.

. Skin hooks.

12. Mayo suture cutting scissors.
. Needle holding forceps.
Control group (suture):

4.0 ETHILON" Nylon sutures.
Surgical scalpel.

3.0 vicryl absorbable suture.
Tweezers.

Cotton roll.

Addison's tissue forceps.
Mosquito forceps.

Dry gauze.

Straight probe.

Skin hooks.

. Mayo suture cutting scissors.
. Needle holding forceps.
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2.7. Our protocol

1. Informed consent is taken for all the patients that include both the
groups in the study.

2. Short case history for each case has been maintained and skin sen-
sitivity test is done for case group patients prior to surgery.

3. Intraoperative timing of skin closure was maintained in both groups
via a stopwatch.

4. On 1st, 3rd and 7th postoperative day patient was observed for any
dehiscence, necrosis and infection.

3. Follow up of patients was done to assess any future
complications

3.1. Surgical procedure

All procedures were done under general anesthesia, twelve patients
were selected for case group (cyanoacrylate), and twelve patients were
selected for control group (suture).

Extraoral incisions were made in the desired maxillofacial region for
various surgical procedures as per inclusion criteria.

Incision lengths in the range of 2-6 cm were closed in both groups
by sutures and cyanoacrylates.

In case group (Fig. 2), the wound was closed in layers. The deeper
tissues and muscles were closed with 3.0 vicryl sutures. The skin edges
were cleaned and dried. The skin edges were approximated, everted
and maintained in position with tissue forceps, skin hooks, N butyl
cyanoacrylate was applied sparingly along the edges of the wound with
the help of applicators or disposable hypodermic needle. The approxi-
mated skin edges were maintained in the respective position to dry,
after which wet gauze dressing was placed intermittently for the first



S. Sahu, et al.

Fig. 2. Application of N-butyl cyanoacrylate in incision closure.

24 h later it was kept open.

In control group (Fig. 3), 3.0 vicryl was used to approximate the
underlying muscles and tissues. The skin was closed with 4.0 nylon
sutures with simple interrupted suture technique. An antiseptic dressing
(povidone-iodine) was applied immediately after closure of the wounds
and changed intermittently for the first 24 h only.

Skin closure timing was monitored in both groups using a stop-
watch.

Any signs of inflammation, dehiscence, pus discharge, wound
gaping or any blackening of skin with tissue necrosis was noted on an
evaluation sheet during the 1st, 3rd and 7th postoperative day for on
both groups.

4. Result

The study included both male and female patients of ages 18 to 70.
The z value of probability for timing and age being 0.33 does not signify
the variation of time taken for closure with the age (Two sample Mann
Whitney test).

Fig. 3. Closure of incision by using suture.
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4.1. Wound infection

None of the cases showed wound infection in the first 2 days. Only
three cases showed wound infection on 3rd and 7th postoperative days
at sites closed with sutures. P value being 0.064 (Fig. 4).

4.2. Wound dehiscence

Wound dehiscence was not seen in any of the cases in the first
postoperative day. Only two cases of N-butyl cyanoacrylate site showed
wound dehiscence (16.67%). Whereas suture site showed wound de-
hiscence in three cases (25%). P value being 0.615 (Fig. 5).

4.3. Necrosis of tissue edges

No case had tissue necrosis. There was no difference in the incidence
of necrosis of tissue edges the incisions closed with N-butyl-2-cyanoa-
crylate and sutures.

4.4. Time taken for closure

Comparatively the time taken for closure of skin was faster in ap-
plication of cyanoacrylates than application of sutures. The average
time for closure of incisions using cyanoacrylate was 78 + 1.17's and
that of sutures is 222 = 1.17 s (Figs. 6 and 7).

5. Discussion
5.1. Summary of key findings

Primary outcome measures include wound infection, wound dehis-
cence and tissue necrosis. Firstly, three cases closed with sutures
showed wound infection on 3rd and 7th postoperative days and no
cases closed with cyanoacrylate. Which was supported by a study done
by Kumar MS et al.,” in which he found that on the 3rd and 7th post-
operative days epithelialization was better on the sides treated with n-
butyl-2cyanoacrylate but significant inflammation and scar formation
in the sites closed with black silk suture. Similar data was found by
Vishakha N. et al.® in a study done on pediatric lacerations. Vaaka PH
et al.,” in their study found higher incidence of wound infection and
wound dehiscence in wounds treated with silk sutures, when compared
to n-butyl-2-cyanoacrylate tissue adhesive.

Secondly, only two (16.67%) sites closed by of N-butyl cyanoacry-
late showed wound dehiscence but three (25%) cases closed by sutures
showed wound dehiscence. Higher incidence of wound dehiscence was
observed in wounds treated with silk sutures than cyanoacrylate in
study done by Vaaka PH et al.” However, Kim et al.'® and Soni A
etal.,"" when comparing conventional sutures and cyanoacrylate tissue
adhesive, found no wound dehiscence, allergic reactions, or any other
significant wound closure complications occurred with either tech-
nique.

Thirdly, no case had tissue necrosis. There was no difference in the
incidence of necrosis of tissue edges the incisions closed with N-butyl-2-
cyanoacrylate and sutures. Similarly, Kumar MS et al.” found no evi-
dence of necrosis in any of the treated cases.

Secondary outcome measure of our study includes time taken for
wound closure, which was almost three times faster in case of cya-
noacrylates than sutures. In a study done by Soni A et al."" in total forty
incisions, mean time of closure was significantly faster with cyanoa-
crylates at 69.50 + 33.39s compared with 379.00 + 75.39s in the
suture group.'' Vishakha N. et al.® and Vaaka PH et al.” found the mean
time taken for skin closure is much faster and time-saving in case of
cyanoacrylates.
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Fig. 5. Wound dehiscence in suture and cyanoacrylate groups.

5.2. Strengths and limitations of the study

In this randomized prospective study, we compared the rate of
wound infection, dehiscence, necrosis of tissue edges and time taken for
closure by N-butyl cyanoacrylate tissue adhesive and Ethilon nylon
sutures in extraoral maxillofacial incisions. Twenty-four patients re-
porting to our department from February 2016 to November 2017 for
various surgical procedures like open reduction internal fixation, dis-
traction osteogenesis, were included which required incision on facial
skin as per inclusion criteria of this study. The 24 cases were equally
and randomly distributed in two groups one to be treated with (case
group) and another with Ethilon nylon sutures (control group), each
having 12 cases. However, in this study we did not compare the

cosmetic outcome of cyanoacrylates and traditional sutures, which may
be cited as the limitation of our study. Although, Jonathan G. Martin
et al. found in their study that scar cosmesis and patient outcomes did
not significantly vary between skin adhesive versus subcuticular su-
ture.'* No differences were observed after 6 months in collagen ex-
pression, in the study done by Gemma Pascual et al., except slightly
reduced collagen I deposition in Glubran/Ifabond and collagen III de-
position in the suture group.13

5.3. Interpretation and implications

Cyanoacrylate has a plethora of advantages over conventional su-
tures as they do not demand any specialized armamentarium or skill.
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Fig. 6. Histogram of frequency in time taken for closure by both groups.
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Fig. 7. Box plot for time taken for closer by sex of patients.

Moreover, there is no need of removal as conventional sutures. N-butyl
cyanoacrylate is being used by the developed countries as an alternative
to conventional sutures. But in developing countries like India its usage
is very limited, which is mostly because of lack of awareness and
availability. In our country where there is an alarming paucity of
doctors, especially in the government sectors, semi-skilled persons can
use cyanoacrylate tissue glue to yield satisfactory results in emergency
wound closure in tension-free areas in tertiary health care centers.

5.4. Controversies raised by this study

No controversies were raised by this study because the results of this
study correlates with the existing studies.

5.5. Future research directions
Further research in future can be done on intraoral wound closure,

bone fracture healing, efficacy as hemostatic agent, dental splinting,
and neurosurgical wound closer by tissue adhesives. Akcal MA et al.'*
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found that cyanoacrylate was rapidly and easily applied in the seg-
mental fractures of rat tibia model but did not cause any superior
radiological and clinical results compared to the control group. Sohn JJ
et al.'® in 2016 proved that application of Short-chain cyanoacrylates
(SCCA), such as ethyl-2-cyanoacrylate causes bone damage resulting in
the loss of bone regeneration in the Calvaria of CD1 Mice. Parimala
Sagar et al.'® in 2015 concluded that isoamyl cyanoacrylate can be used
for intraoral wound closure, as an alternative to sutures for gluing the
mucoperiosteum to bone, for example, after impaction removal, peri-
apical surgeries, and cleft repair. Chadwick et al.'” successfully
achieved local hemostasis, in a woman with a facial arteriovenous
malformation, using a combination of cyanoacrylate and local hemo-
static agents, which proved the hemostatic property of cyanoacrylates.
Cobb AR et al.’® in 2011 proved in their study that such adhesives can
be used for short-term dental splinting. Tacconi and Spinelli'® did a
study on 475 cases of spinal surgery and concluded that cyanoacrylate
glue can be a valid and useful alternative for spinal wound closure.
Tacconi et al.,”® in a recent study done on 362 patients, confirmed that
cyanoacrylate glue can be a valid and useful alternative to traditional
techniques for wound closure in brain surgery, carrying several ad-
vantages.

5.6. Contraindications

Contraindications of using cyanoacrylates include gangrenous, ac-
tively infected, or decubitus injuries. Use on patients with a known
hypersensitivity to cyanoacrylate or formaldehyde is also an absolute
contraindication.?’ The major disadvantage is reduced tensile strength,
so they should not be used in high tension areas.?? It should not be used
in the wounds in high moisture or friction areas such as the axilla,
hands, or feet, animal or human bites, stab or puncture wounds, ver-
million surface wounds, and patients with burst stellate lacerations.
Cyanoacrylates are also not recommended in patients with peripheral
vascular disease, clotting disorders, insulin-dependent diabetes, or a
personal or family history of keloid formation or hypertrophy.*



S. Sahu, et al.

6. Conclusion

Conventional skin suturing techniques do have certain dis-
advantages namely undesired trauma, pushing of microorganisms in
deeper tissue layers, requirement of application of local anesthesia and
more time consumption. It can inflict needle stick injury to operating
hand and also requires recalling the patient for suture removal. When
tension upon the wound edges is too high, it produces prominent cross-
hatching along the scar and a poor cosmetic appearance.”

Longer chain cyanoacrylate degrades slower than the shorter
chained ones. Tissue adhesives are not indicated for wound closure over
highly mobile areas such as joints and in areas of usage and friction
such as hands or feet.”

Based on the present study N-butyl cyanoacrylate gave comparative
better results and hence can be used safely and as a reliable method for
closing small tension free facial incisions placed in maxillofacial regions
in preference to sutures. However further studies should be conducted
to compare its performance and possible side effects which might be
explored in the future.
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