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Abstract: Background: The labial frenulum may be associated with traction on the marginal gingiva
of the incisors with resulting gingival recession, a condition known as “pull syndrome”. In this case,
performing a frenulectomy at least 6 months before root covering surgery is necessary. Recently, tissue
adhesives have been studied as a good alternative to conventional sutures. Methods: A 34-year-old
female affected by pull syndrome of the central lower incisors underwent frenulectomy, and an
n-hexyl-cyanoacrylate tissue adhesive was used to ensure wound closure. Results: The patient was
instructed in hygiene maneuvers and rinsed with 0.12% chlorhexidine-based mouthwash for 15 days.
The glue was partially removed at 7 days, and for the remaining, natural disposal time was expected.
The wound healing process was complete after 15 days with minimal postoperative discomfort.
Conclusion: This n-hexyl-cyanoacrylate surgical glue could be proposed as a viable alternative to
conventional sutures during surgical procedures involving wide flaps with the impossibility of first-
intention healing. Moreover, it could be indicated to reduce operative time and patients’ discomfort,
even if these hypotheses should be confirmed by future clinical studies.

Keywords: frenulectomy; pull syndrome; tissue adhesive; n-hexyl-cyanoacrylate

1. Introduction

Frenula are folds of connective tissue that join the inner wall of the lips and cheeks to
the maxillary and mandibular alveolar processes (labial frenula) or the mouth floor to the
lower part of the tongue (lingual frenula) [1]. Frenula tissue is formed by connective cells,
mostly fibroblasts, and an extracellular matrix composed of collagen fibers, elastic fibers,
rare muscle fibers, and fundamental substances [2]. Cadaver studies have demonstrated
that these frenula are composed of dense collagenous connective tissue, often at the interface
of the musculature [1,2]. The labial frenulum may present structure anomalies and may
be associated with unwanted effects, such as the persistence of the median frenulum
between the central incisors and gingival, leading to periodontal recessions [3]. Therefore,
the frenula may become pathological if anatomical anomalies are present in relation to
their insertion, length, and shape and to the type and quantity of fibers contained in the
extracellular matrix [3,4].

Since the frenulum has a connection function between muscular structures (tongue,
lips, cheeks) and maxillary or oral floor, it should allow an optimal balance between
anchoring and movement [1–4]. Thus, a fibrous and/or short lingual frenulum can reduce
lingual movements as well as a labial frenulum with a pathological insertion can cause
abnormal tractions and ischemia of the attacking gingival area [3]. The correct insertion of
the labial frenula is in correspondence with the mucogingival junction so as not to have any
interference with the attachment of the adherent gingiva [4]. Therefore, a frenulum with
abnormal insertion, in association with a thin gingival biotype, can be potentially dangerous

Appl. Sci. 2023, 13, 8979. https://doi.org/10.3390/app13158979 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app13158979
https://doi.org/10.3390/app13158979
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-2523-8149
https://orcid.org/0000-0001-9684-3499
https://orcid.org/0000-0002-4521-944X
https://orcid.org/0000-0001-7380-1675
https://orcid.org/0000-0003-0365-0626
https://doi.org/10.3390/app13158979
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13158979?type=check_update&version=2


Appl. Sci. 2023, 13, 8979 2 of 10

in developing progressive traction ischemia and recessions of the marginal and papillary
gingiva. This condition is known as “pull syndrome” [5]. Many potential issues have been
claimed to be related to tight maxillary and mandibular labial ties, including the formation
of a midline diastema between the teeth, increased caries and periodontal disease, gingival
recession, difficulty in wearing dentures or retainers, difficulty with lip mobility, and
possible esthetic or psychological consequences [5,6]. Due to the high biological memory of
the labial frenula, whatever the surgical technique used, the frenulectomy must include
the resection of its deep periosteal insertions up to the mucogingival line in addition to the
resection of the frenulum to avoid recurrence [6,7].

Therefore, there are many surgical approaches proposed for frenulectomy based on
the use of surgical blades, electrosurgery, or laser [8]. However, regardless of the technique,
the basic goals of surgical closure remain an appropriate wound closure to reduce the dead
space, minimize the risk of infection and properly approximate the wound edges to achieve
an acceptable aesthetic and functional outcome [3]. The most common method of wound
closure is suturing, which presents some drawbacks related to tissue trauma, the need for a
second appointment for suture removal, and the unpredictable resorption rate [9].

To overcome these disadvantages, plastic adhesives (cyanoacrylate) were proposed
as a viable alternative to conventional sutures [10–12]. In the last few years, tissue adhe-
sives have been studied to ensure the following properties: adequate adhesive strength,
appropriate polymerization in a moist environment, biocompatibility, stability, and good
working time [11,12]. In this regard, cyanoacrylate adhesives seemed to be a good option
in medicine as well as dentistry [Figure 1], although they can induce a localized allergic
response in 0.5% to 14% of patients, so a good anamnesis is recommended [11–13].
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Figure 1. Various types of available cyanoacrylate glues (modified from Kay et al. [11]).

Cyanoacrylate glue is an acrylic resin that consists of two separate liquids, one for pour-
ing into the mold and another used sparingly as a hardener, but in the case of cyanoacrylate
glue, the hardener is water [14,15].

Ifabond Surgical Glue (Peters Surgical, Boulogne-Billancourt, France) is a tissue adhe-
sive made of n-hexyl-cyanoacrylate widely used in general surgery, especially in abdominal
wall hernia repairs. Specifically, the tissue adhesive replaces the sutures in the fixation of
prosthetic meshes as it induces less host tissue damage and provokes less postoperative
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pain. Moreover, the use of a tissue adhesive has been related to a shorter operating time,
and it seems to minimize residual pain [16–18].

In the present study, an innovative technique for wound stabilization after frenulec-
tomy with the use of n-hexyl-cyanoacrylate has been presented for oral surgery.

2. Case Study

The patient was a 34-year-old female in good general health. Medical anamnesis
did not reveal any pathologies, use of drugs, or allergies. From the dental point of view,
the patient was in I class sec. Angle and presented a vestibular gingival frenulum (sec.
Mirko classification number 2) [5] with “pull syndrome” action on the right central incisor
[Figures 2 and 3]. The patient’s complaint was the esthetic misalignment of the gingival
profile of the lower incisors.
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The presence of a marginal insertion frenulum is a contraindication for the execution of
the coronally advanced flap (CAF). In this case, performing a frenectomy at least 6 months
before root covering surgery is necessary. Frenulectomy consists of the following:

(a) deep partial thickness incision (blade parallel to the periosteum) made at the level of
the external insertion of the frenulum;

(b) elimination of superficial mucous tissue and muscle of the frenulum;
(c) a series of detached points with periosteal anchorage for the apical positioning of the

lining mucosa of the lip and the second intention healing of the exposed periosteum.

The elimination of the frenulum and a correct brushing technique allows an improve-
ment in the quantity/quality of the apical keratinized tissue to the recessions of the incisors.
Therefore, usually 6 months after the frenulectomy, there are ideal conditions to perform a
coronally displaced flap for root covering [2,8].

The patient was proposed to undergo a frenulectomy and wait for 6 months before
executing a CAF. Patient released consent to the treatment proposed.

Local anesthesia with mepivacaine and adrenaline 1:100,000 was used. A deep partial
thickness incision was made at the level of the external insertion of the frenulum, and
subsequently, the portion of superficial and muscular mucous tissue of the frenulum was
eliminated. Three detached points were given to periosteal anchorage to apically position
the lining mucosa of the lip and allow healing by the second intention of the exposed
periosteum [Figure 4].
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Figure 4. Postoperative vestibular gingival frenulum after the surgical procedure.

A layer of Ifabond surgical glue (Peters Surgical, Boulogne-Billancourt, France) was
then applied to isolate the tissues from the oral cavity and between the alveolar mucosa
and the lip mucosa [Figure 5].
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Figure 5. After the surgical procedure, a layer of surgical glue was placed to fix the wound and
achieve hemostasis.

The patient took a dose of analgesics (Ibuprofen cpr 600 mg) at the end of the surgery.
No additional painkillers had to be hired. No antibiotic therapy was prescribed. The
patient was instructed in hygiene maneuvers and rinsed with 0.12% chlorhexidine-based
mouthwash for 15 days. The glue was partially removed at 7 days, and for the remaining,
the natural disposal time was expected [Figures 6 and 7].
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3. Discussion

There have been numerous attempts by various authors to classify frenula from a
clinical-anatomical point of view [5]. One of the most accredited identifies the various types
of frenula about the insertion site by dividing them into:

1. mucous attachment frenulum when the frenulum inserts into the mucosa.
2. frenulum with gingival attachment when it is inserted into adherent gingiva.
3. the papillary-attached frenulum when inserted into the papilla.
4. frenulum with penetrating papillary attachment when the frenulum fibers pass through

the interincisive papilla and insert into the adherent palatine or lingual gingiva.

Previous studies classified the frenulum into two main morphotypes—thick frenulum
and thin frenulum—and about the insertion site: high (alveolar mucosa), middle (adherent
gingiva), and low (marginal gingiva) [19,20]. More than 80% of patients who have diastema
at nine years of age cease to have it at sixteen, without any therapy [21]. However, some-
times the frenectomy is indicated to reduce the possibility of a “pull syndrome” due to the
presence of a pathological frenulum configuration [5,6].

Classical frenulectomy (V-shaped) is a technique proposed by Edwards, which consists
of a V-shaped incision of the edges of the frenulum, the removal of its coronal insertion, and
its apical repositioning [22]. The intervention is completed by the horizontal and vertical
incisions of the periosteal fibers and the affixing of sutures. It is clinically the simplest, but
it determines the formation of scar tissue that can cause periodontal problems [22–24]. The
Z-plasty incision is more complicated and aggressive, but it leads to reduced scar formation.
It involves a Z-incision to make two triangular flaps of equal size that are transposed and
sutured [23,24]. This technique does not remove the frenulum but is intended to soften
the traction of the frenulum on the interdental soft tissue. The Z-plasty technique was
considered ideal for large, thick, and hypertrophic frenula, with low insertion associated
with diastema and short vestibule. Nevertheless, it allows both the removal of fibrous
tissue and the increase in the height of the vestibule [24,25]. During a vestibular sulcus
extension, the mucous membrane is raised and placed apically to the gingival margin and
sutured to the periosteum while the wound area is uncovered. However, it has a high
recurrence rate [8,26]. The frenectomy associated with a free gingiva peduncle positioned
laterally is a technique indicated after orthodontic treatment of the diastema to minimize
recurrence and excessive scar tissue formation [24–26].

Electrosurgery is recommended in patients with low compliance and bleeding prob-
lems, as traditional surgery would cause problems in obtaining adequate hemostasis [27].
However, laser frenulectomy has been recently proposed. Diode lasers, YAG lasers, carbon
dioxide lasers, and erbium lasers were implemented. Usually, with laser frenulectomy,
patients experience less pain, less bleeding during the surgical procedure, no need for
suturing, and fewer surgical and functional complications and need for analgesics [4,28].

However, the need for proper sealing of the surgical wound is mandatory to achieve
complete healing of the site. The suture is the most used technique to ensure a repositioning
of the flap, even if the needle penetration during suturing also causes tissue trauma [9].
Silk is the most universally used suture material in dentistry and many other surgical
disciplines [9,29]. However, it is non-absorbable; thus, there is a need for a second ap-
pointment to remove the sutures. Moreover, although absorbable sutures are available,
most have unpredictable resorption rates in the oral cavity; they may weaken and dissolve
early or remain in the incision area for too long [30]. These have prompted the need for an
alternative method of wound closure.

Previous studies reported the use of plastic adhesives for tissue suturing in surgical
procedures [31,32]. Among them, cyanoacrylates were applied to two opposing, wet, living
tissue surfaces, and they showed the ability to fix them perfectly. Their general chemical
formula is CH2©C(CN)-COOR, where R can be substituted for any alkyl group, ranging
from methyl to decyl. Usually, cyanoacrylate glue generates heat for faster curing, and
this may damage soft tissue and hamper blood supply [31]. Therefore, manufacturers
have incorporated long chains of a methyl group, due to which the polymerization process
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is elongated and the rate of heat generation prolonged. Because intraoral mucosa is
naturally moist due to saliva, the use of cyanoacrylate glue may find itself as an involuntary
participant in the bonding process [32]. Polymerization of the cyanoacrylates occurs within
10–15 s, and they are not absorbable, so they are sloughed from the surface of the skin
and mucosa 7–10 days after adhesive application [33–35]. Previously ethyl and methyl
cyanoacrylate were used for wound closure; however, they were discarded, given their
potential toxicities. Newer generation cyanoacrylate includes n-butyl-2-cyanoacrylate,
octyl-2-cyanoacrylate, and n-hexyl-cyanoacrylate. They have unique properties, including
faster tissue bonding capacity and curing. In addition, their excellent tensile strength,
fast polymerization, biocompatibility, immediate hemostasis, ease of application, and
bacteriostatic properties make them a good choice for fixing surgical wounds [33–35].

Recently, the literature reported the widespread use of cyanoacrylate adhesives dur-
ing general surgery procedures, including gynecology, gastroenterology, neurosurgery,
orthopedics, plastic surgery, dermatology, urology, and vascular and cardiac surgery. Com-
mon indications for use included esophageal fistula closure, myocardial surgery, bilateral
mammoplasty, skin wound closure, bone and cartilage grafting, corneal surgeries, varicose
vein occlusion, and embolization of arteriovenous malformations [36,37]. In particular, the
innovative n-hexyl-cyanoacrylate Ifabond glue has been used in laparoscopy, and this new
technique is aimed at reducing the operating time, the number of surgical complications,
and the required sutures [36–40].

In the maxillofacial field, some cyanoacrylates have been proposed for wound closure
on extraction sockets, sinus perforation, mucogingival surgery, and biopsy [17]. However,
despite the potential advantages of the use of innovative butyl and hexyl-cyanoacrylate
surgical glues in oral surgery, fewer studies have been conducted on this topic. A study
showed a reduced inflammatory response after the use of cyanoacrylates during the first
postoperative days [30]. These results are in accordance with other studies reporting posi-
tive clinical outcomes in combination with surgical glues [29–32]. Some studies highlighted
the hypothesis that faster healing with cyanoacrylate could be promoted by the evidence
that the adhesive may act as a scab, maintaining a moist surface over which epithelial
migration occurs more readily, as well as preventing secondary infection [29–32]. Alhourani
et al. reported that tissue adhesive significantly reduced the time needed for wound healing
when a free gingival graft is positioned compared with traditional sutures [33]. Moreover,
the absence of seepage under the covering formed by cyanoacrylate may be responsible for
reduced postoperative pain [14,41].

Therefore, in the present study, the use of n-hexyl-cyanoacrylate surgical glue has been
described in oral surgery. The case report documented this glue’s sealing and hemostatic
ability during frenectomy, with positive results after 2 months of healing. Therefore, this
n-hexyl-cyanoacrylate surgical glue could be proposed as a viable alternative to sutures
during surgical procedures involving wide flaps, the impossibility of first-time healing,
and patients with low compliance. Moreover, it could also be indicated to reduce operative
time and postoperative pain, even if these hypotheses should be confirmed by future
clinical studies.
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