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ARTICLE INFO ABSTRACT

Keywords: Purpose: To evaluate and compare the perioperative wound management and healing of intraoral surgical in-
Knotless cisions between the conventional and knotless barbed Polydioxanone suture materials.

Intr?foral X Materials and methods: A Randomized Controlled Trial was conducted with well-constructed inclusion and
r::;‘ig’fac‘al exclusion criteria. 46 participants were allotted into the control and test groups based on a computer-generated
Suture randomization sequence. The materials used were 3-0 Stratafix™ knotless barbed PDS suture and conventional

3-0 Ethicon PDS™II suture materials. Parameters assessed included intraoperative time taken for closure and
assessment with Early Wound Healing Score (EHS) on postoperative day 1 and Landry, Turnbull, and Howley
(LTH) Healing index on postoperative days 3 and 7. Statistical analyses were done using the Chi-square test and
student’s t-test with a p-value less than 0.05 indicating statistical significance.

Results: 32 patients had surgical intervention for maxillofacial fracture management and 14 patient for orthog-
nathic osteotomies. Surgical sites (n = 60) included maxillary and mandibular vestibules. Intraoperative closure
time was better in the test group with statistical significance (p-value = 0.0472). The healing scores on the 3rd
and 7th postoperative days were compared between the control and test groups exhibiting statistical significance
favouring the test group. The p-values were 0.0479 and 0.0393 respectively.

Conclusion: To conclude, our study concurred with the existing literature in terms of reduced operating time, and
better wound healing observed with the knotless barbed suture. Along with statistical significance, all the var-
iables exhibited clinical relevance and better wound management in the test group.

1. Introduction

The outcome of any surgical procedure depends largely on skilful
wound closure. An inadequate closure can lead to the separation of
wound margins, leading to a potential pathway for bacterial contami-
nation resulting in surgical site infection (SSI), delayed healing, and scar
formation. Although other methods such as staples and tissue adhesives
are reasonable alternatives, sutures are to date the mainstay in achieving
a watertight closure.

The suture threads are secured to the tissues employing various
surgical knots. These knots lead to a reduction of the tensile strength of
the suture thread by stretching and thinning the material. The primary
weakest portion in a suture line is the knot and the next weakest point is
the portion adjacent to the knot." This can lead to a breach of the thread
leaving the wound exposed. These areas lead to the accumulation of
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food debris and become a nidus for bacterial growth and the develop-
ment of infection.

To overcome these surgical difficulties, the knotless barbed suture
was introduced and patented in 1964, by John H Alcamo.' The knotless
suture is said to be self-securing without the need for any additional
adhesive for the suture anchorage. This suture has had good clinical
success in various surgical specialties such as the closure of donor leg
wounds in coronary artery bypass grafting, breast surgery, laparoscopic
hysterectomy, and myomectomy.”~

In Maxillofacial practice, barbed sutures have been used for aesthetic
procedures, such as brow lifting, face, and neck lifting. Although knot-
less suture material has a good track record in other surgical specialties,
the description of its intraoral applications reported is minimal in the
contemporary Maxillofacial literature.>® The Oral and Maxillofacial
Surgery community is still in search of the ideal and most suitable suture
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material for the closure of challenging anatomical areas intraorally.

Our study aims to compare perioperative wound management, and
healing between conventional Polydioxanone and knotless barbed Pol-
ydioxanone suture materials using various clinical parameters at timed
intervals.

2. Patients and methods
2.1. Design

A prospective randomized clinical trial was performed in adaptation
to the Declaration of Helsinki. The study was approved by the Institu-
tional Ethics Committee (Ethics Clearance Number: 1853/IEC/2019).
Informed written consent was obtained from each participant.

2.2. Selection criteria

Individuals requiring full-thickness labio-buccal sulcular incisions in
the maxillary vestibule for maxillofacial fracture reductions and
osteotomy procedures were included in the study. Participants with any
local conditions such as infection, inflammation, ragged, lacerated tis-
sues, or systemic conditions, and individuals not willing to participate
were excluded from the study.

2.3. Randomization

Participants were sequentially numbered in an order of enrolment
and were allocated into two groups according to a computer-generated
randomization table. The CONSORT 2010 guidelines and checklist were
followed while designing the study. Three investigators were involved in
this randomized clinical trial. The first investigator allocated the in-
dividuals into groups, the second investigator performed the procedure,
and the third investigator carried out the postoperative evaluation
thereby avoiding any potential bias.

2.4. Interventions

A total of 60 participants were randomly allocated into two equal
groups —

Group A - Wound closure was done with conventional 3-0 Poly-
dioxanone suture material. (It is 70 cm long with a round-bodied needle,
and is 20 mm ' ¢ in dimension.); the control group.

Group B — Wound closure was done with knotless barbed 3-0 Pol-
ydioxanone suture material. (EthiconTM Stratafix™ spiral PDS™ plus)
(30 cm long, reverse cutting needle, 19 mm 3/8 circle in dimension, 3-

Fig. 1. Magnified view of the knotless barbed suture.
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0 size); the test group (Fig. 1).
2.5. Surgical technique

All the participants underwent a thorough clinical examination and
an appropriate surgical procedure was planned individually. All the
procedures were performed under general anesthesia. The site and
length of the incision to be made were recorded and standardized for
every participant. The incision line was marked with a sterile marker. A
clear and clean cut was made in the tissues with electrocautery and a
subperiosteal flap was reflected exposing the field of interest. The
planned surgical procedure was carried out following which the closure
of the tissues commenced.

The closure was done with either conventional or knotless barbed
Polydioxanone suture material according to the randomization into the
study groups. Both the suture materials were applied in a simple
continuous suturing fashion. During placement of the knotless suture,
after taking the first bite with the needle through either side of the
wound margin, the suture material is passed through the loop on the
distal end of the suture length which secured the suture material in the
tissues. Closure of the entire length of the incision was carried out. After
reaching the end of the incision, the material is terminated without the
placement of any knot.

In case of closure with conventional Polydioxanone material, it was
secured to the tissues at the beginning and end of the incision line with
surgical knots. The time taken for closure from the beginning of intro-
ducing the needle into the tissues till the termination of the suture
material was also recorded.

2.6. Postoperative oral hygiene protocol

e Pressure was applied to the surgical wound during the immediate
postoperative period by positioning gauze for 30 min at least.

e Rinsing mouth or using mouthwash was avoided for 24 h

postoperatively.

Spitting was prohibited to avoid disrupting blood clots.

The surgical wound was manually inspected and irrigated with saline

solution from 1st postoperative day till the time of discharge.

Individuals were instructed to brush gently around the surgical site

and rinse two to three times daily to maintain a hygiene routine.

Mouthwash such as Chlorhexidine were recommended.

e Smoking and alcohol consumption was discouraged.

2.7. Assessment

All the patients were evaluated with healing indices postoperatively.
Early Wound Healing Score (EHS)” was used on postoperative day 1, and
the Healing index of Landry, Turnbull, and Howley (LTH) was used on
postoperative days 3, and 7.°

2.8. Statistical analyses

The data were collected and statistically analyzed for both groups.
Time taken for wound closure, EHS score of postoperative day 1, and
Healing index of LTH on postoperative days 3, and 7 were assessed and
documented. The mean and standard deviation of all the parameters
were calculated and compared using paired student’s t-test and Chi-
square test. A P-value less than 0.05 was considered statistically
significant.

3. Results

During our study period, 60 participants were enrolled. 45 partici-
pants were treated for road traffic accidents (RTA), and 15 were oper-
ated on for orthognathic surgery. The age range of our study groups
ranged from 20 to 59 years with the mean being 36 years. Of the 60
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participants, 37 (60.8%) were male, and 23 (39.2%) were female. The
most common etiology was RTA. The detailed demographic data are
presented in Table 1. P value was calculated for the demographic pa-
rameters between the groups. For age comparison, the p-value was 0.79
and etiology was 0.29, while the site of incision had a value of 0.56.
None of the parameters presented any statistical significance.

The sites of the incision were the maxillary buccal vestibule, right
and left sides. Intraoperative time taken for surgical incision closure was
calculated in both groups. The mean and standard deviation of the time
taken for group A was 5.65 + 2.15 min, and for group B was 4.33 +
1.20. The statistical analysis performed suggested that the time taken for
group B was lower with a p-value of 0.0472. Statistical significance was
seen (Table 2).

On the 1st postoperative day, an assessment was made with the EHS
scale. The mean and standard deviation of the EHS for group A was 7.13
+ 2.10, and for group B was 7.13 £ 1.90. The results were analyzed and
the p-value for POD - 1 was 0.8178. The results were not statistically
significant (Table 2).

On the 3rd and 7th postoperative days, the healing was assessed with
the Healing index of Landry, Turnbull, and Howley (LTH). The mean and
standard deviation of the 3rd postoperative day for group A was 3.75 +
0.89 and for group B was 4.4 + 0.83. The values for the 7th post-
operative day for group A were 4.63 + 0.52 and for group B were 4.98
+ 0.35. The p-value was 0.0479 and 0.0393 respectively. Both the pa-
rameters showed statistical significance at the given time interval
(Table 2).

4. Discussion

This prospective randomized clinical trial was performed to evaluate
and compare the perioperative wound management and healing in
surgical incisions between the conventional and knotless barbed Poly-
dioxanone suture materials.

The inception and evolution of the concept of suturing and various
suture materials used began Before the Common Era (BCE) period as
described in Samhita.” The suture materials are broadly classified into
absorbable and non-absorbable sutures based on the material of origin.

A suture is called absorbable when the tensile strength is lost within
60 days of suture placement.'” The absorbable suture materials further
are natural or synthetic in origin. The catgut is the only naturally
available absorbable suture. The synthetic suture materials which are in
practice now are derivative of surgical experience from 3000 years
BCE."'

Surgical knots are necessary to anchor the smooth structure of the
suture material to the tissues. Other than securing the suture to the
tissues, the knots present no other significant function. The suture ma-
terial is stretched at the area of the knots which leads to thinning of the
material and a reduction in the tensile strength. This thinning of the
material often leads to suture breakage and knot displacement.'?

The knots also act as a nidus for infection, and food debris collection,
and promote the colonization of bacteria.'®!* Other associated com-
plications include localized tissue ischemia and loss of wound strength.
Overtightening of the knots to prevent slippage can also impair fibro-
blast proliferation.'>'® These complications were persistent and
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encountered by many surgeons which led to the search and innovation
of the knotless barbed suture.

The barbed suture contains a central smooth structure with small
barbs arising and organized in a spiral fashion.'” The design of a barbed
suture was patented by John H Alcamo in 1964 and he characterized it
as a suture so formed that it prevents slippage within sutured incisions or
wounds. Later in 1967, Dr. A. R. McKenzie reported using the barbed
suture in cadavers and dogs for repairing long flexor tendons.’

There is extensive literature from the 20th and, 21st centuries
reporting the use of the knotless barbed suture in various surgical spe-
cialties such as Orthopaedics in procedures such as total knee arthro-
plasty (TKA), tendon repairs, and lateral ankle ligament repair. In the
field of Gynaecology and Obstetrics for procedures such as uterine repair
following caesarean delivery, and vaginal cuff closure. In Neurosurgery
for dural closure, Reconstructive surgery following breast reconstruc-
tion, body contouring, abdominoplasty, bariatric anastomoses, and
many more. &2

The head and neck applications for the barbed suture listed include
various cosmetic procedures such as Rhytidectomy, Facial rejuvenation,
and face, brow, and neck lifting.”” 2>° The reports of the intraoral
application of the barbed suture are minuscule.

The first report on the intraoral application of the knotless barbed
suture was in 2018, by Kasi Ganesh et al.® They reported using the suture
material for the management of Lefort and the angle of mandible frac-
tures. The author reports minimal complications and ease of access and
suturing in restricted areas such as the retromolar region. The reported
complications included tissue reaction to due erythema on the first
operative day. It was observed to be painless and subsided spontane-
ously. In the case of extraoral application of the suture, micro-hematoma
was observed from the barbs and tissue reaction to the material.

Crosetti E et al., 2019°° reported using the barbed knotless suture for
closure of the reconstruction flap where resection of oral squamous cell
carcinoma of the tongue was performed. They observed a decrease in
complications related to knot-tying such as breakage, wound dehis-
cence, or fistula incidence. The use of knotless barbed suture was re-
ported to allow the distribution of the force and tension along the wound
length uniformly. They reported easier placement of sutures in areas of
restricted access such as the base of the tongue, and the retromolar re-
gion. This relevant clinical advantage was observed in our study while
performing wound closure following maxillary osteotomy. It provided
better ease of operation and faster wound closure with minimal injury to
the tissues. It also aided in easier maintenance of hygiene post-
operatively without any evidence of wound breakdown or accumulation
of debris.

The time taken for wound closure was compared between the study
and test groups intraoperatively. It was observed that closure with the
knotless barbed PDS material was faster by at least 3 min. This was in
accordance with the literature where Sharma AK et al.,'® reported a
mean difference of 8.1 min with closure being faster in the knotless
barbed suture group. Smith et al.*° conducted an extended review
comparing the wound closure time between barbed and conventional
sutures in hysterectomy procedures. They reported an average reduction
of 15.6 min in wound closure time with barbed sutures compared to
conventional sutures, for vaginal cuff closure.

Table 1
Demographic details.
S. No Data Group A (Control group) Group B (Test group) Total
n % n % n %
1 Gender Males 18 60 19 63.3 37 61.6
Females 12 40 11 36.7 23 38.4
2 Etiology Road traffic accidents 25 80.6 20 68.9 45 75
Maxillary osteotomies 6 19.4 9 31.1 15 25
3 Site of incision Maxillary vestibule Right 16 47.1 21 53.4 37 61.6
Left 18 52.9 18 46.1 36 60
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Table 2
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Comparison among the groups using the mean and standard deviation of the variables showing statistical significance.

Parameters Group A Group B P - value Statistical significance
Mean Standard deviation Mean Standard deviation

Closure time taken 5.65 2.15 4.33 1.20 0.0472 Yes

EWH Score Postoperative day 1 7.13 2.10 7.30 1.90 0.8178 No

LTH score Postoperative day 3 3.75 0.89 4.4 0.83 0.0479 Yes

LTH score Postoperative day 7 4.63 0.52 4.98 0.35 0.0393 Yes

The reduction in the time taken can be attributed to the elimination
of time taken for the placement of knots. A statistically and clinically
significant difference was seen among the groups in our study.

Postoperatively, all the surgical sites sutured with either conven-
tional or knotless barbed PDS materials were subjected to an evaluation
of the wound healing on the 1st, 3rd’ and 7th days with various wound
healing assessment scales.

On 1st postoperative day, an assessment was made with the EHS
scale.” Though statistically insignificant, the clinical difference was seen
in both groups with better wound healing in the test group (Figs. 2 and
3). As reported in the literature,*'* the barbs deliver an equal distri-
bution of tension along the wound in the initial postoperative period.
Similarly in our study, there was passive maintenance of closure with
uniform distribution of the tension along the length of the wound. This
led to minimal discomfort to the individual, allowing easy hygiene
maintenance and restitution of function.

The wound assessment was done on the 3rd and 7th postoperative
days using the Healing index of LTH.® Sharma AK et al.,'® reported
better-wound healing in the study group on 1st, the 3rd, and 7th post-
operative days (Figs. 4 and 5). They reported better wound apposition
and less inflammation in the test group. Likewise, in our study, there was
a significant clinical difference in the healing scores between the groups
with better healing in the test group. This can be attributed to the
minimal inflammation, which was painless and resolved spontaneously
without causing any limitation of function to the participant. There was
minimal inflammation postoperatively with the barbed suture, causing
less irritation and faster wound healing.

Comparable results were obtained between the control and test
groups clinically and statistically. Statistical significance was seen in
three parameters (Table 2).

Crosetti E et al.,’’ reported healing without complications in 90% of
the knotless barbed suture population. Likewise in our study, minimal
complications were reported in the test group. The knotless barbed

Fig. 2. Immediate postoperative picture of the knotless barbed suture in the left
buccal vestibule.
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Fig. 3. Immediate postoperative picture of conventional polydioxanone suture
in left buccal vestibule.

Fig. 4. Postoperative day — 7, closure is done with conventional PDS suture in
the left buccal vestibule.

suture offered better patient comfort by reducing the tissue reaction, and
less incidence of inflammation, and irritation allowing for good wound
maintenance and healing.

To conclude, our study concurred with the existing literature in
terms of reduced operating time, and better wound healing observed
with the knotless barbed suture. Along with statistical significance, all
the variables exhibited clinical relevance and better wound manage-
ment in the test group. As reported in the literature®'®'** the knotless
barbed suture can be considered an effective alternative to the con-
ventional suture materials in intraoral wound closure by minimizing the
associated limitations. Contrary to the literature reported, our study also
maintains the homogeneity in the type of suture materials compared,
belonging to the same material (PDS). In literature, most of the studies
reported conducted analyses between Vicryl and Polydioxanone mate-
rials of different sizes.

In the future, conducting studies with a larger sample population,
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Fig. 5. Postoperative day — 7, closure is done with knotless barbed PDS suture
in the left buccal vestibule.

and a longer follow-up period are required which can then provide in-
formation regarding the long-term effects of the barbed suture material
in various anatomical sites.

5. Clinical significance

The knotless barbed suture is an inventive solution to the issues faced
quite often with conventional suture materials and the benefits of this
are seen successfully across all surgical specialties. They provide the
benefit of accelerated closure while maintaining wound tension equally
along the entire length. It eliminates the need for an assistant to follow
and taut the suture while providing better cosmesis. The knotless suture
also provides the benefit of easy water-tight closure for incisions in a
deep plane and areas with restricted access. In case of wounds and in-
cisions on the tongue, the barbed suture is more comfortable for the
patient and easier in hygiene maintenance as the knots are eliminated.

Compliance with ethical standards

The authors have no conflicts of interest to declare that are relevant
to the contents of this article. This study was performed in line with the
principles of the Declaration of Helsinki. Approval was granted by the
Ethics Committee of the University (Ethics Clearance Number: 1853/
IEC/2019). Informed consent was obtained from all participants
included in the study.
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