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Abstract

Background: The study carries the aim to compare the clinical efficacy and economic outcomes of using barbed
suture closure versus conventional closure for wounds after posterior long-segment lumbar surgery.

Methods: One hundred and eighty-one patients undertaking posterior long-segment lumbar surgery participated in
the prospective randomized controlled trial study to receive either barbed suture wound closure (n=91) or conven-
tional suture closure (n =90). Outcome measures included operating room time (ORT), wound closure time, length

of incision, length of hospital stay (LOS), 90-day readmission rates, wound complications of dehiscence and infection,
and costs.

Results: Barbed suture group was related with significantly lower ORT (P=10.036), wound closure time (P<0.001) and
average wound closure time (P<0.001), and significantly lower wound complication rates (dehiscence and infection)
(P=0.031). No significant differences were found when compared with conventional suture group in terms of length
of incision (P=0.086), length of hospital stay (P=0.174), readmission rates up to 90 days after the surgical procedure

(P=0.232) and costs (P=0.205).

cation rates.

Conclusion: The study suggested the knotless barbed suture technique outperformed the conventional suture in
shortening operating room time, wound closure time and average wound closure time, and reducing wound compli-

Keywords: Barbed suture, Lumbar surgery, Wound closure, Randomized controlled trial

Introduction

As a common surgical treatment for multi-level lumbar
degenerative diseases, posterior long-segment lumbar
surgery mainly refers to the surgery of three or more pos-
terior segments suitable for lumbar disk herniation, lum-
bar spinal stenosis, lumbar spondylolisthesis and lumbar
degenerative scoliosis/kyphosis. The application of accel-
erated recovery after surgery (ERAS) in this surgery is
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particularly critical, given distinctive surgery features of
excessive amount of bleeding, long operation time, heavy
destruction of paravertebral muscles and facets, high risk
of potential dural damage and nerve injury, great opera-
tion cost, and high probability of postoperative complica-
tions, especially adjacent segmental disease (ASD).

Being an essential part of ERAS, successful wound
closure plays an important role in achieving favora-
ble postoperative outcomes of spinal surgery because it
may pose effects on risk of surgical site infection (SSI),
healing, post-acute care follow-up and patient self-care
[1]. Recently, increasing attention has been fixed on the
application of barbed sutures in enhancing wound clo-
sure with prior attempts made in a few surgical fields
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including cosmetology, obstetrics, tenorrhaphy, gynecol-
ogy and orthopedic arthroplasty [2—4]. Previous findings
have indicated that as compared with the use of tradi-
tional sutures, the use of barbed sutures is mostly charac-
terized by less suturing time, faster wound closure, lower
hospital costs, and fewer postoperative complications
[5-13].

Barbed sutures are absorbable sutures incorporating
barbs on the outer surface and can be anchored with the
incision tissue. The tissue tension could be maintained
without knotting after tightening the suture [14]. None-
theless, conventional sutures are secured with inter-
rupted knots, the process of which may result in higher
rates of complications and be time-consuming [15].

In the past decades, while studies have been conducted
on the comparison between tissue reaction scores of
knotless barbed suture and conventional suture with
knots, little evidence exists with regard to the clinical out-
come, complications, cost and capacity of barbed sutures
in spinal surgery. [16—18] To fill this void, this study aims
to compare the clinical efficacy of using barbed suture
closure versus traditional closure for wounds after poste-
rior long-segment lumbar surgery.

Methods

Participants and randomization

From January 1%, 2020 to December 31%, 2020, a single-
hospital prospective randomized controlled trial was
conducted in the Department of Spine Surgery, the First
Affiliated Hospital of Fujian Medical University. Our
research team prospectively screened 252 patients who
underwent a posterior long-segment lumbar surgery,
including surgeries of three or more posterior segments
of decompression/ internal fixation/ fusion/ correction of
vertebral deformity (expansion, compression, de rotation,
etc.), with or without osteotomy. Inclusion criteria were

Table 1 Baseline patient demographics
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(1) 18 <age <80 years old; (2) first time in posterior long-
segment lumbar surgery; (3) be able to communicate well
with researchers and follow the whole research protocol
requirements. Exclusive criteria included (1) diabetic
patients with poor glycemic control or with severe dia-
betic complications; (2) patients with long-term use of
steroids; (3) patients with spinal tumors; (4) patients with
scar constitution; (5) body-mass index (BMI) = 35 kg/
m? Among the 201 included patients, 20 declined to
participate, with the most frequent reason being the fear
and uncertainty toward the novel barb suture technique
in the study group and they were therefore unable to be
randomized. A total of 181 patients were enrolled in the
study. Using a computerized randomization software,
patients were equally divided to receive conventional
sutures (control group) or barbed sutures (study group),
resulting 91 in the study group and 90 in the control
group. Participating surgeons and operating room per-
sonnel were, respectively, informed at the time of sur-
gery. Outcome assessments were performed as usual at
two weeks and 90 days postoperative to both groups of
patients during regular clinic visits.

Baseline demographic data and medical history are col-
lected and presented in Table 1. No statistically signifi-
cant differences between the two groups were observed.
(p>0.05).

Research procedures

General anesthesia was performed in all patients under-
going lumbar surgery in this study. All patients adopted
the traditional posterior median approach to dissect the
paraspinal musculature from the spinous processes and
laminae in a subperiosteal manner. Whether lamina
decompression is needed is contingent on various types
of diseases. All patients were treated with pedicle screw
internal fixation, and the suturing for both groups was

Barbed suture (N=91) Conventional suture /x> P
(N=90)

Age 55.85£17.1 5297+£19.92 1.041 0.299
Gender Male 47 44 2973 0.85

Female 35 55
Smoking status 20 12 2.221 0.136
BMI 2321£396 2220+£4.14 1579 0.116
Diagnosis Spinal scoliosis 21 29 7.360 0.118

Lumbar disk herniation 43 39

Lumbar spinal stenosis 17 13

Lumbar fracture 5

Lumbar spondylolisthesis 4

Others 1
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completed by the same group of surgeons with qualified
suturing technique.

Conventional suture technique

For the control group, sutures of three layers were used
to perform wound closure. The closure of the fascial layer
was achieved using interrupted absorbable suture size 0
Vicryl (Ethicon Inc.), followed by size 2-0 Vicryl (Ethi-
con Inc.) for the dermal layer and finally the subcuticular
layer was sutured by 3-0 Vicryl (Rapide Inc.).

Barbed suture technique

For the study group, suturing was performed with Fen-
kuill, a type of absorbable bidirectional barbed suture
made by Hainan Jianke Pharmarceutical Co., LTD. The
fascia was sutured with no interruptions with a size 2
Fenkuill; the dermal layer was sutured with size 2 or size
1 Fenkuill, and the subcuticular layer with a size 2-0 Fen-
kuill. For both fascia and dermal layers, the suture started
from the middle of the incision and the suturing was con-
ducted by two surgeons from the middle point to both
ends of the incision at the same time, leaving 0.5-1 cm
between every two suture throws (Fig. 1). When the end
of the incision is reached, a backward suturing running
from both end sides to midpoint of the wound was per-
formed with one to two throws to further strengthen
the suture. The rest of the suture was then cut at its exit
point (Fig. 2). For the subcuticular layer, the suturing also
began from the midpoint to both sides in a similar fash-
ion, except that when reaching the end of the wound, the
suturing continued beyond a bit and exited out at around
2 cm away and the extra suture was removed (Figs. 3 and
4). No surgical knots were placed in any of the barbed
suture and the tension of soft tissue on both sides of the
incision was kept balanced during the suturing process.

Fig. 1 Image of fascia and dermal layer closure from the midpoint to
both ends of the incision
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Fig. 2 Image of backward suturing from both ends to the midpoint
of the incision

Outcome measures
The following outcomes of both groups were measured:

+ Operating room time (ORT)

« Wound closure time (from placement of the first
stitch to the completion of wound closure)

+ The length of incision

+ The average suturing time (calculated by formula: the
average suturing time =the suturing time/the length
of incision)

+ Length of hospital stay (LOS)

+ 90-day readmission rates

«  Wound complications (dehiscence and infection)

Fig. 3 Image of subcuticular layer closure from the midpoint to both
ends of the incision
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Fig. 4 Image of continuing the suture beyond the end of the

incision and exiting out

+ Cost (the suture material cost and the total hospitali-
zation expenses)

Readmission was defined as any event related to poste-
rior long-segment lumbar surgery wound condition that
may require readmission to the same hospital. Wound
complications were defined as any wound-related event
that may require a reoperation or change in perioperative
care. In this study, wound dehiscence and infection were
measured as manifestations of wound infections, where
the former was defined as failure of wound closure lead-
ing to compromise of anatomic boundaries while the lat-
ter comprised infections of the superficial surface of the
wound and sub-dermal infection.

Data analysis
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variables, one type of categorical variable. For continuous
variables, the mean and range (£ SD) were calculated. For
categorical variables, the absolute number and frequency
were presented. Continuous variables were evaluated for
normal distribution using the Shapiro—Wilk test. All vari-
ables were normally distributed thus independent t tests
were used. Categorical variables were assessed using Chi-
square test. A P value of 0.05 was assigned as the thresh-
old for clinical significance.

Results

Results on the outcome measures of the two groups
are summarized in Tables 2 and 3. ORT for the barbed
suture group was 164.18 min, significantly shorter than
181.85 min for the conventional suture group (P<0.05).
Wound closure time in the study group was 8.12 min,
compared with 25.36 min in the control group (P<0.001).
The lengths of incision between the two groups were
statistically comparable (P=0.086). Taking into consid-
eration the incision length, the average suturing time in
the study group was 0.65 cm/min, significantly shorter
than 1.69 cm/min in the control group (P<0.01). No
statistically significant differences in length of hospital
stay (LOS) between the two groups, 10.75 and 11.5 days
for the study group and the control, respectively, were
reported (P=0.174). The suture material cost was higher
in the barbed suture group compared with the conven-
tional suture group: ¥883.5 ($138.24) vs. ¥441.67 ($69.11),
whereas no statistical differences were observed between
the two groups in terms of the total hospitalization

Table 3 Wound complications

Data were analyzed using SPSS 25.0. ORT and wound 3\? :);i)suture S::L‘i?ﬂ:‘;lm P
closure time were coded in minutes and measured as
continuous variables. Other continuous variables con-  Wound dehiscence 0 3
cerned wound closure speed, the length of incision, the ~ Wound infection 1 4
length of hospital stay and cost. 90-day readmission ot ! 7 0.031
and wound complications were coded as dichotomous  90-day readmission 3 4 0232
Table 2 Statistical analysis comparing barbed suture group and conventional suture group

Barbed suture (N=91) Conventional suture t P

(N=90)

Operating room time (ORT) (min) 164.18 4650 181.854+64.42 2117 0.036
Wound closure time (min) 8.12+4.75 2536+12.59 13.037 <0.001
Length of incision (cm) 1244+7.19 15.89+8.78 1.726 0.086
Average suturing time (cm/min) 0.6540.05 1.6940.25 37635 <0.001
Length of hospital stay (LOS) (day) 10.75£2.68 1154212 1332 0.174
Suture material cost (¥) 883.5+202.35 44167 +61.43 19.83 <0.001
Total hospitalization expenses (¥) 103,654+ 14,653 108,713 +12,509 1.213 0.205
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expenses (P=0.205). No differences were evidenced in
90-day readmission rates between the two groups with
three cases (3.3%) and four cases (4.4%) for the barbed
suture group and the conventional suture group, respec-
tively (P=0.232).

In terms of complications, in the barbed suture group,
none of patients were found with postoperative wound
dehiscence (0%) and one patient developed wound infec-
tion (1.1%) (Table 3). In the conventional suture group,
postoperative wound dehiscence and infection were
found in three patients (3.3%) and four patients (4.4%),
respectively.

Discussion

As a critical component in the surgery, a safe and effec-
tive wound suture technique would make significant con-
tributions to guaranteeing the success of the operation.
In the past years, conventional knotting sutures were
traditionally and dominantly applied in clinical practice
[15]. But the procedure of tying the knots is gradually
found to be time-consuming. Recently, the absorbable
barbed sutures without knots began to emerge as a pos-
sible alternative and prevail in various surgical fields.

In the surgical area of orthopedics, while previous
attempts of comparing the clinical outcomes between
barbed sutures and conventional sutures were made in
total knee arthroplasty and hip arthroplasty [16, 17], to
the best of our knowledge, only three prior studies have
investigated the employment of barbed sutures in spinal
surgery [8, 9, 15]. They all found barbed sutures associ-
ated with shorter wound closure time or suture time but
varied in the findings of hospital costs. These findings
share similarities with those of the current study, though
with differences observed.

In the present research, barbed sutures were related
with significantly lower ORT, wound closure time and
average wound closure time, and significantly lower
wound complication rates (dehiscence and infection).
However, no significant differences were found when
compared with conventional sutures in terms of length of
incision, length of hospital stay, readmission rates up to
90 days after the surgical procedure and costs.

Our results indicated significant lower ORT when
incorporating barbed sutures, suggesting clinical effi-
ciency of using barbed sutures in posterior long-segment
lumbar surgery as overall ORT was measured as an effi-
ciency outcome, consistent with previous findings [9,
12]. Additionally, our findings revealed that applying
barded sutures cost significantly shorter time than the
traditional sutures both in the entire wound closure pro-
cedure (17.24 min difference, P<0.001) and wound clo-
sure for per centimeter of incision (1.04 min difference,
P<.001), i.e., average wound closure time, in line with
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earlier findings in and outside spinal surgery [5-13]. This
is probably due to the need for interrupted knots in tradi-
tional sutures, which would extend operative and sutur-
ing time.

Aside from clinical outcomes, findings of postopera-
tive complications were as follows: postoperative wound
dehiscence occurred in three patients in conventional
suture group, while none in barbed suture group, and
four patients in conventional group were reported with
wound infection while one in barbed suture group.

Lower wound dehiscence rate related to barbed sutures
could be indicative of the reliable strength of the novel
suture technique owing to evenly distributed tension
of the whole suture. Research in other surgeries also
reported lower probability of suture fracture and incision
crack after two-way barbed suture closure [10].

Postoperative wound infection has been evidenced in
more than 10% of spinal surgeries, resulting in patient
discomfort, need for antibiotic treatment, prolonged
hospitalization, and revision surgery [19-23]. Therefore,
it has been a critical wound complication that deserves
special attention in spinal surgeries. In earlier studies,
no statistical differences in wound infection rates were
reported between the barbed sutures and conventional
sutures groups [9, 15]. However, our results yielded
disparate outcomes. Applying barbed sutures has sig-
nificantly lowered infection rates. Support from litera-
ture could be located. Operation time and the degree
of incision stretch are high-risk independent factors for
postoperative infection in spinal surgeries. The knots in
traditional sutures may influence vascular supply and
inflammatory reaction [15, 24, 25]. To further justify
the different results from earlier studies, possible expla-
nations could be the considerably larger incision length
in posterior long-segment lumbar surgery compared to
other spinal surgeries previously reported, which thereby
may increase the risks of infection due to the multiple
knots needed to be tied in traditional sutures.

No differences between the two groups were found in
length of incision, length of hospital stays, 90 days read-
mission rates and costs.

Results were consistent with earlier research findings in
indicating similar lengths of incision [8, 15] and lengths
of hospital stays [9]. Though readmission rates were not a
frequent outcome measure in prior studies, the non-sig-
nificant differences were documented in Johnston’s retro-
spective study.

The non-significant differences in costs need spe-
cial mentioning because they contradict with most of
research findings that highlighted the cost-effective fea-
ture of barbed sutures [8, 9]. This may be largely due to
the lower ORT since the ORT directly relates to opera-
tion cost in many hospitals. However, in the hospital.
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the present study was undertaken, higher ORT does
not increase hospitalization expenses. In addition, even
though the material cost was higher for the barbed
sutures (¥883.5) than the conventional sutures (¥441.67),
it accounted for only a small portion of the total hospi-
talization expenses, respectively (¥103,654 for barbed
sutures and ¥108,713 for conventional sutures). There-
fore, the use of two sutures did not lead to significant dif-
ferences in total hospitalization costs.

Conclusions

In this randomized controlled trial of patients undergo-
ing posterior long-segment lumbar surgery, results indi-
cated the knotless barbed suture technique outperformed
the conventional suture in shortening operating room
time, wound closure time and average wound closure
time, and reducing wound complication rates. The two
suturing techniques were comparable in terms of length
of incision, length of hospital stay, readmission rates up
to 90 days after the surgical procedure and hospitaliza-
tion costs.
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