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Abstract
Background: Wound closure utilizing barbed sutures has been associated with healing 

problems, such as thread extrusion, infection, and the increase of an inflammatory re-

sponse around the scar.

Objectives: In our study, the senior author described a novel technique of skin incision and wound closure based on 

de-epithelization and bi-layer tension-free closure that minimizes complications.

Methods: In this retrospective study, the authors reviewed the evolution of wound healing for the novel technique de-

veloped by the senior author by analyzing clinical reports of 817 patients who underwent surgery for abdominoplasty or 

breast reduction utilizing power-assisted liposuction mammaplasty with the new incision and closure technique. In add-

ition, three separate plastic surgeons reviewed the wound characteristics and overall appearance by analyzing photo-

graphs that were taken over the course of 12 months to document the healing process.

Results: The overall complication rate was 14.1%, with 0.4% hematoma, 1.25% infection, 0.8% seroma, 1.5% necrosis, 3.75% 

erythema, 3.3% delayed wound healing, and 3.1% suture extrusion. The authors reported the rate of step-off border (9%), 

contour irregularities (6.5%), margin separation (1.25%), edge inversion (3.2%), excessive distortion (0.9%), and bad overall 

appearance (6.4%) of the cases.

Conclusions: This new technique in wound incision and closure based on de-epithelization and bilayer tension-free 

closure reduces the complications associated with barbed sutures.

Editorial Decision date: February 18, 2020; online publish-ahead-of-print February 27, 2020.

The last decade has witnessed increasing trends toward 

utilizing barbed sutures for wound closure in plastic and 

reconstructive surgeries, namely in body contouring 

procedures.1-4 Barbed sutures have many advantages, 

such as lowering the rate of wound healing problems, 

securing better wound closure, and reducing the op-

erative time.5 Barbed sutures provide a knotless su-

ture technique that prevents complications from buried 

knots, such as painful granulomas, knot visibility, and 

palpability.4,6-9 Also, barbed sutures have been shown 

to be more valuable than standard nonbarbed sutures.10 

However, many concerns related to wound healing exist 

with the use of barbed sutures. Complications such as 

thread extrusion, infection, and the increase of an in-

flammatory response around the scar are commonly 

described.5,6,11-13
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In our article, we describe a new technique of skin in-

cision and wound closure based on de-epithelization and 

bilayer tension-free closure that reduces the complica-

tions associated with barbed sutures and in turn improves 

wound healing.

METHODS

Patients and Study Design

In this retrospective study, we reviewed the operative 

reports and clinical notes of 817 patients who under-

went abdominoplasties (n = 463) or breast reduction pro-

cedures (n  =  354) using the power-assisted liposuction 

mammaplasty (P.A.L.M.14), from January 2012 to December 

2018. Of those patients, 97 were lost during follow-up (32 

in the breast reduction group and 46 in the abdomino-

plasty group) or refused to participate in the study (15 in 

the breast reduction group and 4 in the abdominoplasty 

group). Thus, 720 patients (403 in the abdominoplasty 

group and 317 in the breast reduction group) completed 

the full study (Figure 1). All cases were performed by the 

same senior surgeon (M.H.A.).

This study was conducted according to the Declaration 

of Helsinki guidelines. All of the patients were informed of 

the surgical procedure and provided a written informed 

consent to participate. We did not receive approval from 

an Institutional Review Board or ethics committee, given 

the fact that all patients were treated in a private practice.

Patient characteristics, including age, smoking status, 

body mass index, massive weight loss, and comorbidities 

(such as hypertension, hypothyroidism, asthma, sleep 

apnea, cardiovascular diseases, and thromboembolic 

events), were studied (Table 1).

Complications, such as delayed wound healing (cat-

egorized in the surgeon reports or clinical follow-up notes 

indicating a suboptimal healing rate), infection, seroma, 

hematoma, full wound dehiscence, suture extrusion, and 

thromboembolic events, were studied in all cases (Table 2).

Other wound characteristics in the abdominoplasty 

group, such as the step-off borders, contour irregularities, 

margin separations, edge inversions, excessive distortion, 

and overall appearance, were analyzed by three plastic 

surgeons who viewed the postoperative photographs that 

were taken at day 0, 2 weeks, and 1, 3, 6, 9, and 12 months 

(Table 3). Patients with a tendency for hypertrophic scars 

or keloids were excluded from this study. The mean dermal 

closure time utilizing this new method was also assessed.

Surgical Technique

An oblique skin incision is made with the scalpel bev-

eled at a 45° angle. De-epithelialization is performed over 

a distance of 1  cm (Figures  2 and 3). Then a vertical in-

cision through the de-epithelialized dermis is performed, 

preserving the 1  cm rim of de-epithelialized dermis. An 

eversion of the epidermis and an inversion of the dermis 

are thus achieved.

Wound closure is performed by a single surgeon, the 

senior author, in a bilayer pattern utilizing a number 0 

V-Loc-180 suture (Covidien, Mansfield, MA). The first layer 

of closure consists of suturing the superficial fascia in a 

continuous fashion in patients operated on for abdomin-

oplasty. In patients operated on for breast mastopexy, 

the continuous suture is performed between the dermis 

and the costal perichondrium. Finally, the wound closure 

is achieved by utilizing a running barbed suture through 

the de-epithelialized dermis, permitting the apposition of 

the epidermis with minimal tension (Figure  4). Videos  1 

and 2 illustrating this technique are available online as 

Supplementary Material at www.asjopenforum.com. 

Postoperative Care

After the operation, all patients had their wounds treated 

with Flaminal Hydro (Flen Health Pharma, Belgium) daily 

for 2 weeks until a scar formed. This wound-healing agent 

was then replaced with Cicaplast (La Roche-Posay, France) 

Figure 1. Distribution of the patients. 
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once a day for 3 months. We recommend to all patients 

to perform a daily massage of the scar, starting 1 week 

postoperatively.

RESULTS

In this retrospective study, we reviewed the operative re-

ports and clinical notes of 817 patients who underwent 

abdominoplasties (n = 463) or breast reduction procedures 

(n  =  354) from January 2012 to December 2018. Among 

those patients, 97 patients did not complete the study; 78 

patients were lost during follow-up (32 in the breast reduc-

tion group and 46 in the abdominoplasty group); and 19 re-

fused to participate to the study (15 in the breast reduction 

group and 4 in the abdominoplasty group). All cases were 

performed by the same senior surgeon.

A total of 720 patients were enrolled in this study, of 

which 403 underwent abdominoplasty and 317 underwent 

breast reduction surgery. Among these patients, 27% in 

the abdominoplasty group suffered of hypertension vs 

19% in the breast reduction group. Also, diabetes, sleep 

apnea, and cardiovascular diseases were more prevalent 

in the abdominoplasty group (12%, 2%, and 3%, respec-

tively) vs the breast reduction group (8%, 0%, and 0.2%, 

respectively).

Smokers and patients with a history of asthma, throm-

boembolism, or massive weight loss were more preva-

lent in the breast reduction group (18%, 14%, 3%, and 31% 

Table 1. Patient Demographics 

Characteristics Abdominoplasty Breast reduction

Mean age, years (range) 30 (22–42) 31 (20–42)

Gender (male/female) 80 / 323 0/317

 Mean follow-up, months (range) 21 (11–32) 31 (17–48)

 Mean BMI, kg/m2 (range) 30.3 (23–37) 30.8 (25–37)

 Hypertension (%) 108 (27) 60 (19)

 Diabetes (%) 48 (12) 26 (8)

 Hypothyroidism (%) 32 (8) 23 (7)

 Asthma (%) 44 (11) 44 (14)

 Sleep apnea (%) 8 (2) 0

Cardiovascular diseasea (%) 12 (3) 6 (2)

 Thromboembolism (%) 5 (1) 10 (3)

 Smokers (%) 56 (14) 57 (18)

 Massive weight loss (%) 70 (17) 99 (31)

BMI, body mass index. aCardiovascular disease include dyslipidemia and 

any other cardiac or vascular pathology other than hypertension and 

thromboembolism.

Table 2. Complications

Complications Abdominoplasty  

n = 403

Breast  

reduction 

n = 317

Overall 

n = 720

Full wound dehiscence 0 0 0

Hematoma (%) 0 3 (0.9) 3 (0.4)

Infection (%) 6 (1.5) 3 (0.9) 9 (1.25)

Seroma (%) 4 (1) 2 (0.6) 6 (0.8)

Necrosis (%) 5 (1.2) 6 (1.9) 11 (1.5)

Erythema (%) 16 (3.9) 11 (3.5) 27 (3.75)

Delayed wound healing (%) 11 (2.7) 13 (4.1) 24 (3.3)

Suture extrusion (%) 9 (2.2) 13 (4.1) 22 (3.1)

Thrombo-embolism 0 0 0

Overall complications (%) 51 (12.7) 51 (16.1) 103 (14.3)

Table 3. Wound Characteristics in the Abdominoplasty Group

Characteristics Surgeon 1  

n = 403

Surgeon 2  

n = 403

Surgeon 3  

n = 403

Average

Step-off border (%) 33 (8.2) 35 (8.7) 52 (12.9) 40 (9.9)

Contour irregularities (%) 29 (7.2) 25 (6.2) 27 (6.7) 27 (6.69)

Margin separation (%) 5 (1.2) 6 (1.5) 4 (0.99) 5 (1.24)

Edge inversion (%) 13 (3.2) 17 (4.2) 9 (2.2) 13 (3.23)

Excessive distortion (%) 0 0 0 0

Bad overall appearance (%) 14 (3.5) 47 (11.7) 26 (6.5) 29 (7.19)
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respectively) vs the abdominoplasty group (14%, 11%, 1%, 

and 17%, respectively) (Table 1).

The overall complication rate was 14.3% (12.7% in the 

abdominoplasty group and 16.1% in the breast reduction 

group). We reported some cases of infection (1.5% and 0.9% 

of the patients in the abdominoplasty and breast reduction 

groups, respectively) and seroma (1% and 0.6% of the pa-

tients in the abdominoplasty and breast reduction groups, 

respectively). Full wound dehiscence and thromboembol-

isms were not reported in the abdominoplasty group or 

the breast reduction group. Three patients (0.9%) suffered 

from hematomas in the breast reduction group, although 

there were no reported cases of hematoma in the abdo-

minoplasty group. Necrosis was reported by five patients 

in the abdominoplasty group (1.2%) and six patients in the 

breast reduction group (1.9%). Erythema was observed in 

3.9% of the patients who underwent abdominoplasty and 

in 3.5% of the patients who underwent breast reduction. 

A delay in wound healing and suture extrusion occurred 

in 2.7% and 2.2%, respectively, of patients the abdomino-

plasty group, and in 4.1% and 4.1% of patients in the breast 

reduction group (Table 2).

Wound characteristics were evaluated for both groups 

by three independent surgeons (Tables 3 and 4). An overall 

rate of step-off border, contour irregularities, margin sep-

aration, edge inversion, excessive distortion, and bad 

overall appearance were reported by 9%, 6.5%, 1.25%, 

3.2%, 0.9% and 6.4% of the cases, respectively (Table 5).

A

B

Figure 4. (A) The running barbed suture passes through the 
de-epithelialized dermis 8 to 10 mm from the incision. This is 
the case of a 47-year-old female patient who underwent an 
abdominoplasty. (B) The location of the dermal bite. The bite 
is taken in the dermis 8 to 10 mm distal to the incision.

A B

Figure 2. (A) Following skin incision, de-epithelialization is performed with a 45° angle over a distance of 1 cm, (B) leaving an 
eversion of the epidermis and an inversion of the dermis. This is the case of a 36-year-old female patient who underwent a 
breast reduction using the P.A.L.M. technique.

Figure 3. The distance of de-epithelialization.
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Photographic assessments over 1  year showed the 

optimal evolution of the scar in both abdominoplasties 

(Figure  5) and breast reduction surgeries. The pictures 

were taken at day 0 and then postoperatively after 2 

weeks and 1, 3, 6, 9, and 12 months.

The wound closures were all performed by a single sur-

geon, the senior author. The mean time of closure was as-

sessed at 6.5 minutes in the abdominoplasty group, and 

8.3 minutes in the breast reduction group (Table 6).

DISCUSSION

Wound closure is a key step in body contouring procedures. 

Various incision closures have been developed to improve 

wound healing and to reduce complications. Barbed su-

tures are among the new designs to secure wound closure 

and achieve better aesthetic results.15-18 They were origin-

ally utilized for minimally invasive face and neck rejuven-

ation, and they rapidly gained popularity in different aspects 

of plastic surgeries.1-4,7-9 Barbed sutures have the advantage 

of providing a rapid, secure, knotless suture technique for 

large wound closure, with more even distribution of tension 

across the wound. However, many complications have been 

Video 1. Watch now at http://academic.oup.com/asjof/
article-lookup/doi/10.1093/asjof/ojaa008.

Video 2. Watch now at http://academic.oup.com/asjof/
article-lookup/doi/10.1093/asjof/ojaa008.

Table 4. Wound Characteristics in the Breast Reduction Group

Characteristics Surgeon 1  

n = 317

Surgeon 2  

n = 317 

Surgeon 3  

n = 317 

Average 

Step-off border (%) 22 (6.9) 24 (7.6) 29 (9.1) 25 (7.89)

Contour irregularities (%) 11 (3.5) 27 (8.5) 22 (6.9) 20 (6.31)

Margin separation (%) 5 (1.6) 1 (0.3) 0 4 (1.26)

Edge inversion (%) 9 (2.8) 9 (2.8) 11 (3.5) 10 (3.15)

Excessive distortion (%) 7 (2.2) 5 (1.6) 9 (2.8) 7 (2.21)

Bad overall appearance (%) 20 (6.3) 21 (6.6) 10 (3.2) 17 (5.36) 

Table 5. Overall Wound Characteristics

Characteristics Abdominoplasty  

n = 403

Breast  

reduction  

n = 317

Overall  

n = 720

Step-off border (%) 40 (9.9) 25 (7.89) 65 (9)

Contour irregularities (%) 27 (6.69) 20 (6.31) 47 (6.5)

Margin separation (%) 5 (1.24) 4 (1.26) 9 (1.25)

Edge inversion (%) 13 (3.23) 10 (3.15) 23 (3.2)

Excessive distortion (%) 0 7 (2.21) 7 (0.9)

Bad overall appearance (%) 29 (7.19) 17 (5.36) 46 (6.4)

Table 6. Wound Closure Time

Procedure Deep dermal  

suture

Intradermal  

suture

Total

Abdominoplasty closure, 

min (n = 403)

2.5 4 6.5

Breast reduction closure, 

min (n = 317)

2.1 6.2 8.3
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A B

C D

E

G

F

Figure 5. (A) The preoperative markings and evolution of the scar are shown using this new technique on a 36-year-old female 
from day 0 to postoperatively at (B) 2 weeks, (C) 1 month, (D) 3 months, (E) 6 months, (F) 9 months, and (G) 12 months.
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reported with barbed sutures, such as thread extrusion, in-

fection, palpability, and an increased inflammatory reaction 

across the wound edges.6,7,10,12 Shermak et  al12 evaluated 

barbed sutures for wound closure in body contouring sur-

gery and found that they are associated with wound healing 

problems, especially in the arms. They attributed these 

problems to the large surface of barbs across the wound, 

the long absorption period of the threads causing a latent 

inflammatory response, and subclinical seromas that pro-

moted infection.12 They reported an overall complication 

rate of 20.2%, and hematomas, seromas, and infection were 

respectively reported in 2.6%, 0.9%, and 0.9% of cases. In 

their study, 14.9% of patients suffered from wound healing 

problems (Table 7).12

Rubin et al5 compared absorbable barbed sutures with 

conventional absorbable sutures for dermal closure of 

wounds in open surgeries. They concluded that the rapid-

absorbing barbed sutures (the V-Loc 90 with a 90-day 

absorption profile) and the smooth sutures have a similar 

complication profile, whereas the slow-absorbing suture 

(V-Loc 180 with a 180-day absorption profile) has more 

minor suture extrusion.5 They reported an overall compli-

cation rate of 26.1% with slow-absorbing barbed sutures, 

with 1.7% wound dehiscence, 2.6% hematoma, 3.5% infec-

tion, 0.9% erythema, 20% suture extrusion, and no cases 

of seroma.5 Cortez et al,19 Hurwitz et al,13 and Lycka et al,20 

also reported complications utilizing barbed sutures, the 

details of which are summarized in Table 7.

In our study, we utilized the V-Loc 180 for wound clo-

sure and observed lower complication rates than previous 

studies evaluating the side effects of barbed sutures. 

Although we reported an overall complication rate of 

14.3%, with 0.4% hematoma, 1.25% infection, 0.8% seroma, 

1.5% necrosis, 3.75% erythema, 3.3% delayed wound 

healing, 3.1% suture extrusion, and no cases of thrombo-

embolism or full wound dehiscence (Table 2), we believe 

that our low complication profile was associated with the 

use of a large-caliber, slow-absorbing barbed suture. First, 

the de-epithelialization provides eversion of the epidermis 

and inversion of the dermis. During wound closure, sur-

gical bites will only pass through the dermis, alleviating 

tension on the epidermis and preventing fat necrosis. As 

a result, the epidermis will act as a biologic dressing to 

protect the underlying thread of V-Loc. Moreover, we con-

sider that the vascularization of the epidermal flap is pre-

served even though the de-epithelialization is performed 

up to 1 cm from the incision. Second, the large caliber of 

suture that we utilize allows us to make fewer entries in the 

dermis, reducing the potential for bacterial contamination 

and wound infection.

Table 7. Review of Studies Evaluating the Side Effects of Barbed Sutures

Study No. of procedures using barbed sutures Complications Duration of follow-up

Rubin et al5 229  

• 115 with slow-absorbing polymer (S)  

• 114 with rapid-absorbing polymer (R)

Overall complications 26.1% (S) and 16.7% (R)  

• Wound dehiscence in 1.7% (S) and 3.5% (R)  

• Hematoma in 2.6% (S) and 3.5% (R)  

• Seroma in 0% (S) and 1.8% (R)  

• Infection in 3.5% (S) and 1.8% (R)  

• Erythema in 0.9% (S and R)  

• Suture extrusion in 20% (S) and 8.8% (R)

12 weeks

Cortez et al19 298 Overall complications 25.2%  

• Wound dehiscence in 8.7%  

• Erythema in 7%  

• Infection in 6.7%  

• Seroma in 3.4%  

• Necrosis in 2.7%  

• Hematoma in 2.3%

>60 days

Shermak et al12 114 Overall complications 20.2%  

• Wound-healing problems in 14.9%  

• Hematoma in 2.6%  

• Seroma in 0.9%  

• Infection in 0.9%  

• Thromboembolism in 0.9%

 

Hurwitz et al13 546 Overall complications 39.2% Up to 36 months

Lycka et al20 350 • Ecchymosis in 47%  

• Bleeding in 46%  

• Swelling in 43%  

• Erythema in 14%  

• Discomfort in 14%  

• Asymmetry in 3%  

• Thread extrusion in 3%
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The assessment of the aesthetic or healing outcomes of 

the scars was unfortunately not standardized in our work, 

limiting thus the comparison to other studies.

In our study, the mean time of closure for an abdomino-

plasty operation utilizing this new method was 6.5 minutes. 

Compared with previous studies in the literature, the tech-

nique described by the senior author reduces operative time. 

Indeed, Rubin et  al5 and Koide et  al21 reported an overall 

closure time of 12 minutes utilizing barbed sutures, whereas 

Grigoryants and Baroni11 assessed an average of 7.9 minutes. 

In another study, Warner and Gutowski1 assessed a mean clo-

sure time of 9 minutes. Shorter surgical durations are asso-

ciated with a reduced anesthesia time that may benefit the 

patient in decreasing the postoperative complications.

The quality of the scar not only relies on the suturing 

technique but also on postoperative care. In our practice, 

we utilized Flaminal Hydro for 1 week. The advantage of 

utilizing Flaminal Hydro has been proven in the literature. 

Indeed, it enhances wound healing through its antimicro-

bial activity and through maintenance of a moist wound-

healing environment.22,23

Massage therapy is also recommended to all of our pa-

tients 1 week postoperatively, even though there is no con-

crete evidence of its effectiveness.24

All of these factors could explain the favorable appear-

ance of the wound in our patients. Indeed, we reported 

a bad overall appearance in only 6.4% of our patients 

(Tables 3-5).

CONCLUSIONS

Barbed sutures are increasingly utilized for wound closure 

in body contouring surgery. In order to reduce complica-

tions associated with this type of suture, the senior author 

introduced a new technique in wound incision and closure 

based on de-epithelization, large-caliber sutures, and bi-

layer tension-free closure.

Disclosures

The authors declared no potential conflicts of interest with 
respect to the research, authorship, and publication of this 
article.

Funding

The authors received no financial support for the research, 
authorship, and publication of this article.

REFERENCES

 1. Warner  JP, Gutowski  KA. Abdominoplasty with progres-
sive tension closure using a barbed suture technique. 
Aesthet Surg J. 2009;29(3):221-225.

 2. Ruff  G. Technique and uses for absorbable barbed su-
tures. Aesthet Surg J. 2006;26(5):620-628.

 3. Salzberg  CA. Barbed sutures in breast reconstruction. 
Aesthet Surg J. 2013;33(3 Suppl):40S-43S.

 4. Gutowski KA, Warner JP. Incorporating barbed sutures in 
abdominoplasty. Aesthet Surg J. 2013;33(3 Suppl):76S-81S.

 5. Rubin JP, Hunstad JP, Polynice A, et al. A multicenter ran-
domized controlled trial comparing absorbable barbed 
sutures versus conventional absorbable sutures for 
dermal closure in open surgical procedures. Aesthet Surg 
J. 2014;34(2):272-283.

 6. Villa  MT, White  LE, Alam  M, Yoo  SS, Walton  RL. Barbed 
sutures: a review of the literature. Plast Reconstr Surg. 
2008;121(3):102e-108e.

 7. Matarasso  A. Introduction to the barbed sutures sup-
plement: the expanding applications of barbed sutures. 
Aesthet Surg J. 2013;33(3 Suppl):7S-11S.

 8. Rosen  AD. New and emerging uses of barbed suture 
technology in plastic surgery. Aesthet Surg J. 2013;33(3 
Suppl):90S-95S.

 9. Hammond  DC. Barbed sutures in plastic surgery: 
a personal experience. Aesthet Surg J. 2013;33(3 
Suppl):32S-39S.

 10. Rosen  AD. Use of absorbable running barbed su-
ture and progressive tension technique in abdo-
minoplasty: a novel approach. Plast Reconstr Surg. 
2010;125(3):1024-1027.

 11. Grigoryants V, Baroni A. Effectiveness of wound closure 
with V-Loc 90 sutures in lipoabdominoplasty patients. 
Aesthet Surg J. 2013;33(1):97-101.

 12. Shermak  MA, Mallalieu  J, Chang  D. Barbed suture im-
pact on wound closure in body contouring surgery. Plast 
Reconstr Surg. 2010;126(5):1735-1741.

 13. Hurwitz DJ, Reuben B. Quill barbed sutures in body con-
touring surgery: a 6-year comparison with running ab-
sorbable braided sutures. Aesthet Surg J. 2013;33(3 
Suppl):44S-56S.

 14. Abboud  MH, Dibo  SA. Power-assisted liposuction 
mammaplasty (PALM): a new technique for breast reduc-
tion. Aesthet Surg J. 2016;36(1):35-48.

 15. Broughton  G Jr, Janis  JE, Attinger  CE. Wound 
healing: an overview. Plast Reconstr Surg. 2006:117(7 
Suppl):1e-S-32e-S.

 16. Khansa  I, Harrison  B, Janis  JE. Evidence-based scar 
management: how to improve results with technique 
and technology. Plast Reconstr Surg. 2016;138(3 
Suppl):165S-178S.

 17. Janis  JE, Kwon  RK, Lalonde  DH. A practical guide to 
wound healing. Plast Reconstr Surg. 2010;125(6):230e-2
44e.

 18. Walmsley GG, Maan ZN, Wong VW, et al. Scarless wound 
healing: chasing the holy grail. Plast Reconstr Surg. 
2015;135(3):907-917.

 19. Cortez R, Lazcano E, Miller T, et al. Barbed sutures and 
wound complications in plastic surgery: an analysis of out-
comes. Aesthet Surg J. 2015;35(2):178-188.

 20. Lycka B, Bazan C, Poletti E, Treen B. The emerging tech-
nique of the antiptosis subdermal suspension thread. 
Dermatol Surg. 2004;30(1):41-4; discussion 44.

 21. Koide  S, Smoll  NR, Liew  J, et  al. A randomized ‘N-of-1’ 
single blinded clinical trial of barbed dermal sutures vs. 

D
ow

nloaded from
 https://academ

ic.oup.com
/asjopenforum

/article/2/1/ojaa008/5760715 by guest on 22 January 2021



Abboud et al 9

smooth sutures in elective plastic surgery shows differ-
ences in scar appearance two-years post-operatively. J 
Plast Reconstr Aesthet Surg. 2015;68(7):1003-1009.

 22. De Smet K, van den Plas D, Lens D, Sollie P. Pre-clinical 
evaluation of a new antimicrobial enzyme for the control 
of wound bioburden. Wounds 2009;21(3):65-73.

 23. White  RJ. Flaminal enzyme alginogel: a novel approach 
to the control of wound exudate, bioburden and debride-
ment. J Tissue Viability. 2014;23(2):78-80.

 24. Shin TM, Bordeaux JS. The role of massage in scar man-
agement: a literature review. Dermatol Surg. 2012;38(3): 
414-423.

D
ow

nloaded from
 https://academ

ic.oup.com
/asjopenforum

/article/2/1/ojaa008/5760715 by guest on 22 January 2021


