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Purpose: To investigate the efficacy of skin wound tension reduction device (SWTRD) combined with ablative fractional carbon
dioxide laser (CO2-AFL) for the prevention of scar formation following the excision of facial cutaneous lesions in children.
Methods: Patients undergoing surgical excision of facial cutaneous lesions in our hospital between May 2019 and April 2021 were
enrolled. After the excision of facial cutaneous lesions and based on the personal intents and conditions, patients were assigned to
undergo SWTRD combined with CO2-AFL. Outcome evaluations were as follows: defect size, incision width, scar width, the
Vancouver Scar Scale (VSS) and University of North Carolina 4P Scar Scale (UNCA4P).

Results: A total of 25 pediatric patients (mean age, 9.88 years) were enrolled in the study. Following the treatment of SWTRD+CO2-
AFL, scar widths were relatively narrow and the appearance of the incision scars was significantly improved. A significant reduction in
the patient-reported UNC4P scores at 6 months (3, 1-4) was observed when compared with that at 2 months (0, 0-1) after surgery
(»<0.001). A similar reduction in the VSS scar scale was also evident (6 months: 1, 0.75-2.5 vs 2 months: 6.5-8.5; p<0.001).
Conclusion: Combined SWTRD and CO2-AFL treatment effectively modulates the scar formation after the incision is healed and
resulting in preventing scar widening, leading to the improvement of scar appearance, reduction in wound pain and pruritus and its
overall prognosis.
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Introduction

Facial cutaneous lesions including congenital melanocytic nevus (CMN) and sebaceous nevus (SN) may adversely affect
an individual’s perception of attractiveness that leads to poor quality of life," in particular of those lesions on the cheeks.
With advancing age, skin lesions progress and thus, surgical excision is the primary treatment for a CMN or SN on
cheeks.”

Following surgical excision, hypertrophic scars often ensue, which impacts the aesthetic appearance.’ It is generally
understood that scar formation is a result of the excessive secretion of collagen and fibers during the repair process of the
damaged area.* The main risk factors for excessive scar formation include gender, genetics, age, skin type, injury type,
cause of injury, wound size and depth, anatomical site and mechanical tension on the wound.> Among these factors,
mechanical wound tension has been shown to contribute significantly to healing and scar occurrence and development.®
Indeed, excessive wound tension from sutures may result in normal skin incision wounds, tissue necrosis, wound
dehiscence, widening and hyperplasia of the scar at the edge of the incision. Therefore, reducing wound closing tension
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may contribute favorably to the prognosis of wound healing and appearance. In clinical practice, skin stretching closures
have been widely used for the repair of skin and soft tissue injury.” Studies have also shown that the application of a skin
wound tension reduction device (SWTRD) on the postoperative incision inhibits the growth of scars.”

On the other hand, Ablative Fractional laser (AFL) is also an effective tool for treating scars, which improves the
physical symptoms associated with the scar,” Including those of atrophic acne scars, hyperplastic burn scars, surgical and
trauma scars.'®'? Moreover, fractional laser treatment significantly improves the scar texture, color, pain, and itching
when compared with conventional surgical methods or conservative treatments.'> '’

Given the effectiveness of both the medical skin reduction closure technique and fractional laser in the prevention and
treatment of scars, few studies have reported the combined application of these in clinical practice. Therefore, this study
investigated the outcomes of applying ablative fractional carbon dioxide laser (CO2-AFL) in combination with SWTRD
in preventing scars formation following the excision of facial skin lesions in children.

Methods
Study Population

This was a before-after cohort study. Pediatric patients aged 5 to 14 years old undergoing surgical excision for facial
cutaneous lesions including congenital melanocytic nevus (CMN) or sebaceous nevus (SN) were enrolled. Patients were
excluded from the enrollment if they were in a poor medical condition that precluded surgery under regional anesthesia.
Other exclusion criteria included previous AFL treatment, wound infection, keloid scarring, comorbidities such as
diabetes and contractive skin disorders (eg, scleroderma).

Patient demographics including age, body mass index (BMI), medical history, current medications, and adverse
reactions (such as itching, blistering, red and swollen) were collected to determine any potential impacts these factors
might have on scar outcomes.

Study Approval
This study was approved by the local ethics committee of the Second Affiliated Hospital and Yuying Children’s Hospital
of Wenzhou Medical University. Written informed consent was obtained from all participants and Parent or legal
guardian of the study.

Surgical Procedure

Surgical excision of skin lesions and reconstruction were performed by two experienced surgeons. After preoperative
evaluation and patient counseling, a fusiform block fashion was marked along the lesion with adequate excision margins.
Next, local anesthesia was injected (1% lidocaine with 1:100,000 epinephrine) and the incision was made along the
designed curve with No. 11 scalpel. The range of undermining was kept at nearly the same distance as the diameter of the
lesion. The skin incision was closed with a running cutaneous or interrupted suturing using 6-0 prolene sutures. Skin
sutures were removed after approximately 7 days later.

Before applying the SWTRD, the skin surface was cleaned, incision above article gauze covering about 0.8 cm wide,
cut skin wounds by graft loads to the right length, and then reduce graft loads symmetrically to reduce a set of both sides
of the incision, and the tightening device of the lock (graft loads the initial reduction for five lock spacing, the gap width
of 2.3 cm), usually within 1 ~ 2 lock, Tighten about 0.5~1.1 cm width, leaving a gap of 1.2~1.8 cm in the middle. If the
incision radian was larger or angulated, the method of section paste can be applied (Figures 1 and 2). SWTRD (Lichen,
Xinjin Shifeng Medical Instrument Co, Chengdu, China and Chuangbiwen, Haichuang Medical Instrument Co,
Hangzhou, China) device is china Food and Drug Administration cleared for commercial use. The incision without
the SWTRD was covered with ordinary gauze. SWTRD was used for at least 2 months after wound suturing or suture
removal.

After suture removal, CO2-AFL surgery was performed, after optical 1% lidocaine cream was applied on scars for
an hour for pain control, using the mode of Deep FX, 300 Hz, 5% density, no stacking. Based on the scar thickness, the
parameters of CO2-AFL were altered to achieve the energy from 25mJ to 50mJ.'® At the time of replace SWTRD, or
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Figure | A 12-year-old female undergoing the excision of facial cutaneous lesions (sebaceous nevus, SN). (A) Before the excision of facial cutaneous lesions; (B) 7 days after
the excision of facial cutaneous lesions; (C) 2 months after the excision of facial cutaneous lesions; (D) 6 months after the excision of facial cutaneous lesions.

Figure 2 A 5-year-old female undergoing the excision of facial cutaneous lesions (congenital melanocytic nevus, CMN). (A) before the excision of facial cutaneous lesions;
(B) 7 days after the excision of facial cutaneous lesions; (C) 2 months after the excision of facial cutaneous lesions; (D) 6 months after the excision of facial cutaneous
lesions.

through the tensioner gap, CO2-AFL surgery is performed. Following every CO2-AFL surgery, wound gel (B. Braun
Medical Inc, Bethlehem, PA) was applied for the following 7 days to promote epithelization. CO2-AFL was performed
upon suture removal, at one month, 3 months, and 5 months later.

Outcome Measurements
The size of the skin lesion was measured before surgery.

Immediately after suture removal, about 14 days, and one month after the first and third CO2-AFL treatment, also at 2
and 6 months after surgery, the width of the scar was measured. For scar width, each group of incisions/scars was divided
into four equal parts on average, and the three locations of 1/4, 1/2 and 3/4 were selected to measure the width of scars
using vernier calipers, and then the average value was taken for quantitative comparison.

One month after the first and third CO2-AFL treatment, also at 2 and 6 months after the surgery, the Vancouver scar
scale (VSS)'” and the University of North Carolina 4P Scar Scale (UNC4P)?° of patients were assessed by 2 independent
evaluators. The VSS assessed 4 variables: pigmentation, height/thickness, pliability, and vascularity. The scores of VSS
ranged from 0 to 15, with the highest score indicating the worst scar condition, while the score of 0 suggesting the best
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outcome. On the other hand, the UNC4P assessed 4 characteristics: pruritus, paresthesia, pain, and pliability. The scores
of UNCA4P ranged from 0 to 12, with a higher score associated with more morbidity.

Statistical Analysis

Patients with complete follow-up data were analyzed using SPSS 21.0 (SPSS Inc., Chicago, IL, USA). Data were
presented as meantSD, median, IQR, number and percentage. The scar widths were compared by paired, 2-tailed
Student’s #-test. VSS and UNCA4P scores were compared by paired nonparametric test (such as Mann—Whitney U-test).
A two-sided p-value of <0.05 was considered statistically significant.

Results

Patient Demographics and Baseline Characteristics

A total of 25 pediatric patients with facial cutaneous lesions were included in our study (Table 1). Of these, 17 had CMN
and 8 had SN. The means of age of participants were 9.88+2.77 years old, BMI were 22.15+2.56, scar length and scar
width were 23.54+12.55 mm and 11.7247.13 mm, respectively. Complication rates associated with surgery were notably
very low, One case each about red rash and blisters.

Scar Widths

At 7 days after surgery, the width of the wound was 0.28+0.10 mm, the widths of scars after CO2-AFLsurgery, at 2 and 6
months were relatively narrow. At 6 months, the appearance of the scars was good, with the color and luster appeared
similar to that of normal skin (Figures 1 and 2). The scar widths at 2 months and 6 months of treatment were 1.62
+0.68 mm and 1.68+0.70 mm, respectively, which did not differ significantly (Table 2).

Comparing the VSS and UNC4P Scores

The global VSS scores at 6 months (1, 0.75-2.5) were significantly lower than that at 2 months (6, 5-8.5) after surgery
(p<0.001; Table 3), with the pliability, vascularity, height and pigmentation scores of (1, 0-1; 0, 0-1; 0, 0-0.5; 0, 0-1)
and (1, 1-3; 2, 1-2; 1, 1-2; 2, 1-2). These findings suggested that SWTRD+CO2-AFL could prevent scar formation
(Table 3).

Table | Demographic and Baseline Characteristics of the Subset of Pediatric

Patients

Patients (n=25)
Male sex (N, percent) 7 (28%)
Female sex (N, percent) 18 (72%)
Age, years (mean * SD) 9.88+2.77
BMI 16.67£2.65
Lesion type (N, percent)
CMV 17 (68%)
SGN 8 (32%)
Lesion length, mm (mean + SD) 23.54+12.55
Lesion wide, mm (mean * SD) 11.7247.13
Length-to-width ratio of defect, (mean + SD, Range) | 2.30%1.32, I.1-6.2
Wearing time of SWTRD, day (mean * SD) 78.80%9.12
Adverse reaction (N, percent)
Red rash 1 (4%)
Blisters I (1%)

Abbreviations: BMI, body mass index stands by weight/ height2 (kg/mz); CMV, congenital melanocytic
nevus; SGN, sebaceous glands nevus; SWTRD, skin wound tension reduction device; SD, standard
deviation; N, number.
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Table 2 Changes in Scar Width

7 Days 2 Months 6 Months P

Width (mm) 0.28+0.10 1.62+0.68 1.68 +0.70 0.079

Notes: Analysis width for 2 months compare to 6 months were performed with paired, 2-tailed Student t-test. Data are presented as mean *
SD.
Abbreviation: SD, standard deviation.

Table 3 Changes in VSS (n=25)

VSS 2 Months 6 Months P

Global score 6, 5-85 1, 0.75-2.5 0.000
Pigmentation I, 1-3 I, 0-1 0.000
Vascularity 2, 1-2 0, 0-1 0.000
Height I, 1-2 0, 0-0.5 0.000
Pliability 2, 12 0, 0-I 0.000

Notes: Analysis VSS for 2 months compare to 6 months were performed with paired Mann—
Whitney-U test. Data are presented as median.
Abbreviations: IQR, interquartile range; VSS, Vancouver Scar Scale.

On the other hand, the global UNCA4P scores at 6 months (0, 0—1) were also significantly lower than that in 2 months
(3, 1-4) after surgery (p<0.05; Table 4), with the pliability, pain, pruritus and paraesthesia scores of (0, 0-0.25; 0, 0-0; 0,
0-0; 0, 0-0) and (1, 0.5-1; 1, 0-1; 1, 0—1; 0, 0—1) respectively. Our findings suggested that the combined application of
SWTRD+CO2-AFL improved scar outcomes effectively (Table 4).

Improvements of UNC4P and VSS

The scores of VSS and UNC4P at 6 months of treatment subtracting the scores at 2 months were used to evaluate the
impact of the combined treatment. At 6 months, the total score on the VSS decreased by 4.86+1.87. Pliability,
vascularity, height and pigmentation scores decreased by 1.30+0.97, 1.38+0.68, 1.04+0.53 and 1.14+0.57, respectively
(Figure 3). While the total score on the UNC4P decreased by 2+1.68. Pliability, pain, pruritus and paraesthesia scores
decreased by 0.24+0.42, 0.66+0.61, 0.58+0.71 and 0.40+0.56, respectively (Figure 4). These findings suggested that
CO2-AFL combined with SWTRD comprehensively improved scar outcomes.

Discussion

The symmetry of facial appearance with minimal scar formations located at the boundary of the aesthetic subunit are
expected favorable outcomes of facial reconstruction.”’ A hypertrophic scar is a complication and is prevalent in
approximately 64% of surgical incisions.?? Incision tension is crucially associated with scar formation.® Studies have
shown that local chronic inflammation caused by mechanical tension leads to immune response. Moreover, incision
tension stimulates scar angiogenesis and collagen proliferation, reduces cell apoptosis, widens and aggravates scar, and

Table 4 Changes in NNC4P (n=25)

UNC4P 2 Months 6 Months P

Global score 3, |4 0, 0—I 0.000
Pliability 1, 0.5-1 0.0-0.25 0.000
Pruritus I, 0—I 0.0-0 0.000
Pain I, 0—I 0.0-0 0.002
Paresthesias 0, 0-1I 0.0-0 0.003

Notes: Analysis UNCA4P for 2 months compare to 6 months were performed with paired Mann—
Whitney-U test. Data are presented as median.
Abbreviations: IQR, interquartile range; UNC4P, University of North Carolina 4P Scar Scale.
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Figure 3 Improvement of pliability, vascularity, height and pigmentation as scored by the VSS at 6 months and 2 months following the AFL+SWTRD treatment. Mean with SD.

subsequently promotes scar proliferation.>** The presence of incision tension not only widens scars but also prolongs
the immature period of scars.”*2® Basic laboratory research has demonstrated that reducing skin tension prevents the
formation and development of hypertrophic scars.”” Thus, further clinical studies on strategies for reducing wound
tension are warranted.

The SWTRD used in this study is a device that can be externally attached to the skin incision to transfer the tension of
the wound to the normal skin away from the wound. Our analyses have revealed that the application of SWTRD resulted
in a significantly lower VSS score and no change in scar width at 6 months than that of 2 months following surgery,
indicating an effective reduction of the local tension of the early unhealed wound and later the healed wound, ultimately
leading to inhibition of scar formation and suppressed scar proliferation (Figures 1 and 2) (Tables 2 and 3).

There are two types of externally applied tension reduction equipment, including the tension reduction tape and
tension reduction device, both of which have been shown to improve the appearance of scars and reduce the incidence of
scar hyperplasia.”®*2° Now, there’s a embrace advanced scar therapy device, consists of an applicator. It could reduce
incisional scar formation.”® When applying the tension reducer, precautions should be taken to avoid the tension
reduction strip being too tight that may result in excessive pressure on the surrounding skin. Although SWTRD is
effective as a monotherapy to prevent excessive scar formation, for severe hyperplasia scar, combined physical therapy
with other surgical treatments can be considered. Fractional lasers are a common form of therapy in the management of
traumatic scars and surgical scars. Indeed, early laser intervention is beneficial in preventing traumatic scar formation by
reducing the speed of scar development and enhancing the effectiveness of treatment response. In particular, the
fractional laser treatment is effective in dissolving and eliminating small blood vessels, improving the flexibility and
erythema of immature scars.*® In our study, after 6 months of CO2-AFL treatment, the measurements of VSS score
revealed that the middle blood vessel score was lower than that at 2 months, indicating that the tensor combined with
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Figure 4 Improvements of pliability, pain, pruritus and paresthesia as scored by the UNCA4P at 2 months and 6 months following the AFL+SWTRD treatment. Mean with
SD.

laser treatment was effective in suppressing scar erythema (Table 3). Furthermore, our findings including narrow scar
width at 2 and 6 months after surgery, the VSS score for all cheek scars was (1, 0.75-2.5) at 6 months and scoring from
(6, 5-8.5), suggesting that scar hyperplasia was mild with rapid recovery. In addition, we observed that the scar pliability
and height scores were (0, 0—1) and (0, 0-0.5), respectively. At 6 months, with some scars appeared mildly convex and
firm, and some had only slight growth and soon resolving, indicating excellent outcomes of scar formation using our
approach (Figures 1 and 2). Reductions in wound pain and pruritus were also observed (Table 4), likely attributed to the
effects of CO2-AFL, which is consistent with the results of other studies.’' In generally, after three times CO2-AFL
treatment, we find that VSS scores and NUCA4P scores were low. This suggests that SWRTD combined with CO2-AFL
could prevent scar formation.

It is accepted that the skin type of the majority of Chinese people is Fitzpatrick skin type 3—4, and the risk of scarring
is relatively greater than in Caucasians. To date, continuous and multiple excision of the affected part is advocated as an
effective treatment for CMN.*? In our study, we excised the lesion only once, followed by the application of fractional
laser and tension reducer to avoid wound dehiscence and prevent excessive scar formation. Therefore, our strategy
advocates minimal surgery with one-off surgical excision that promotes recovery.

There were several limitations to our study. Firstly, the SWRTD had several drawbacks: some patients, especially the
children, might experience discomfort when applying the device for an extended period of time; it appeared unsightly when
applied on the face and needed to be replaced over time; uneven parts such as the nose and local skin with ulcers and
infections would preclude the use of the device. Therefore, patients might be reluctant for long-term application of the
device. Secondly, this study was limited to 6 months of postoperative management and follow-up. The tension reducer was
removed within 3 months and thus, no comparative analysis was available with a shorter or a longer period of application of
the device. Also, we could not determine and analyze different surgical sites in face. Maybe different surgical sites could
due to different effects, which requires more detailed experiments. Thirdly, this study was a before-and-after single-cohort
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comparison with no control group. Finally, patients with a history of keloid were excluded from our study. Therefore, the
effect of this treatment in the prevention of keloid remained unknown. Despite the limitations, our findings indicated that
linear skin wounds were suitable for the application of a tension reduction retractor for at least 3 months after wound
suturing or suture removal, in addition to 3 or CO2-AFL treatments based on the specific conditions of scars. This treatment
could reduce postoperative scars and make postoperative scars look less obvious. Our analyses of favorable scar outcomes
following the application of SWTRD combined with CO2-AFL warrant further validation from randomized control studies.

Conclusion

The SWTRD has a significant favorable impact on tension reduction of the surgical incision, which avoids excessive
hyperplasia of the incision scar. CO2-AFL treatment of the incision effectively further reduces hyperplasia of the scar and
blurs scar edge. Thereby combined SWTRD and CO2-AFL treatment effectively modulates the scar formation after the
incision is healed and resulting in preventing scar widening, leading to the improvement of scar appearance, reduction in
wound pain and pruritus and its overall prognosis.

Abbreviations

SWTRD, skin wound tension reduction device; CO2-AFL, combined with ablative fractional carbon dioxide laser; BMI,
body mass index; VSS, Vancouver scar scale; UNC4P, University of North Carolina 4P Scar Scale; CMN, congenital
melanocytic nevus; SN, sebaceous nevus.
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