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EXPERIMENTAL I

Superiority of a Silk Surgical Site Wound Closure
Device over Synthetic Dressings
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Background: Silk fibroin is an emerging biomaterial with enhanced properties
of cellular regeneration, growth, and proliferation. The use of a silk fibroin
wound dressing has the potential to decrease the incidence of wound-healing
complications and to improve patient outcomes compared with synthetic dress-
ing alternatives.
Methods: A randomized, single-blind clinical trial was conducted on 50 patients
who were dressed with a silk fibroin dressing on 1 side of their body and 3M
Steri-Strips on the contralateral side after abdominoplasty, reduction mamma-
plasty, or brachioplasty procedures. Data were collected over 5 postoperative
visits using photographs and an investigator-administered questionnaire to
monitor erythema, skin irritation, skin discomfort, need for pharmaceutical
intervention, wound dehiscence, and mechanical skin injury. A comprehensive
75-patient statistical analysis was conducted, combining the results with a pre-
viously published study comparing Dermabond Prineo with the silk dressing.
Results: A total of 20.8% of patients (10 of 48) were assessed by surgeons as having
skin erythema (7 to 10) on the Steri-Strip control side, with 0% (0 of 48) on the
silk dressing side (= 0.002). The frequency of breast triple-point separation in 43
cases was 30.2% (13 of 43) on the Steri-Strip side and 9.3% (4 of 43) on the silk side
@ (P=0.012). A total of 75% of patients (36 of 48) had partial or total detachment of
Steri-Strips, 0% (0 of 48) had total detachment of the silk dressing, and 18.8% (9 of
48) had partial detachment of the silk dressing within the first 2 weeks (£< 0.001).
Conclusion: A silk fibroin wound dressing significantly reduces the incidence
of wound-healing complications throughout the postoperative period.  (Plast.
Reconstr. Surg. 154: 1233, 2024.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, II.
Clinical Relevance Statement: The adoption of a silk fibroin wound dressing
into clinical practice has the potential to improve patient outcomes, decrease
medical adhesive-related skin injuries, and reduce the rate of wound-healing
complications.
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ound closure has evolved throughout
Whistory, from the invention of sutures
in ancient Egypt to the development of
surgical staples in the 1900s to the modern-day
innovation of skin adhesives."” Wound dressings

are often used in coordination with sutures or sta-
ples to approximate wound edges, absorb excess
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exudate, reduce skin tension, and provide an
ideal wound-healing environment. Wound dress-
ings include gauze, adhesive paper skin strips,
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mechanical devices, cyanoacrylate, polyester mesh
systems, transparent films, silver impregnated
dressings, hydrogels, and hydrocolloid dressings.’
Many of these dressings are made from synthetic
compounds that have been shown to cause an
array of complications known as medical adhe-
sive-related skin injuries (MARSIs)."™ Despite
the variety of dressings available, the prevalence
of MARSIs in the United States has been on the
rise, with up to 1.5 million patients annually hav-
ing serious complications attributable to surgical
tapes, dressings, and adhesives.'"!!

MARSIs prolong the wound-healing process
and lead to complications including allergic con-
tact dermatitis, erythema, wound dehiscence, skin
blisters, and mechanical skin injury from shear
forces on the dermis. These complications dis-
rupt the epidermal barrier and increase the sus-
ceptibility of the surgical wound to surgical-site
infections (SSIs).'"'*!" A review of 69 studies pub-
lished in JAMA in 2023"* identified that SSIs affect
approximately 0.5% to 3% of all patients under-
going surgery, with hospitalization stays increas-
ing by an average of up to 11 days. SSIs cost the US
health care system more than $10 billion annually
and remain a substantial cause of morbidity, pro-
longed hospitalization, and death."*"

A deficiency in the Centers for Disease
Control and Prevention (CDC) Surgical Care
Improvement Project (SCIP) initiative has been
the absence of surgical-site dressings as a mea-
sure for intervention to decrease the incidence
of SSIs.'*!” To date, the SCIP initiative has only
identified 6 known methods to reduce SSIs as
supported by randomized controlled clinical tri-
als. These include delivery of intravenous anti-
microbial prophylaxis within 1 hour of incision,
selection of a procedure-specific antimicrobial
prophylactic agent, discontinuation of a prophy-
lactic antimicrobial agent within 24 hours of sur-
gery, avoidance of razors for hair removal before
surgery, perioperative glycemic control, and main-
tenance of normothermia.'”" The search for an
ideal wound dressing that has the ability to reduce
the prevalence of MARSIs and SSIs remains of
critical importance to improve patient care and to
reduce health care costs.

Silk fibroin has recently emerged as a US
Food and Drug Administration—approved bioma-
terial of importance to the fields of regenerative
science and tissue engineering.”*" Silkworm silk
is made of 2 distinct proteins, sericin and fibroin,
with fibroin accounting for 70% of silk’s molecu-
lar weight.”” Biomedical applications of silk typi-
cally require removal of the sericin coating to
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minimize the immune response. Purified silk
fibroin is nonimmunogenic, highly biocompat-
ible, and noncytotoxic to human tissues.”** Silk
fibroin has been used for various biomedical
applications, including drug delivery, tissue engi-
neering, wound healing, and cellular regenera-
tion.”>*" These applications require solubilizing
fibroin into a solution to cast hydrogels, films, scaf-
folds, and matrices.”® A recent study of 25 patients
compared a novel silk fibroin dressing with the
2-part 2-octyl cyanoacrylate and polyester mesh
system (Dermabond Prineo).” This was the first
randomized controlled trial studying the effects
of a woven silk fibroin dressing over surgically cut
incisions. A significant improvement was found in
patient comfort, decreased skin irritation, and a
reduction of MARSIs, including allergic contact
dermatitis (24% Dermabond Prineo versus 0%
silk dressing; P < 0.001). No adverse events were
found with the silk fibroin wound dressing.

We hypothesize that because of the high bio-
compatibility, low cytotoxicity, and native regen-
erative attributes of silk fibroin, the use of a silk
fibroin wound dressing will decrease the incidence
of MARSIs in surgically cut and closed wounds.

PATIENTS AND METHODS

Study Design

A randomized, single-blind, institutional
review board (IRB)-approved (Western IRB)
clinical trial was conducted to compare a silk
fibroin wound dressing with Steri-Strips (3M) in
50 patients. This study used a protocol similar to a
previously published clinical trial that compared
the silk fibroin dressing with Dermabond Prineo
in 25 patients.” The current study also includes a
cumulative statistical analysis of all 75 combined
patients to determine the safety and efficacy of
the silk fibroin wound dressing over both adhe-
sive paper tape and polyester mesh cyanoacrylate
wound dressings.

The date range of this study was from August
22, 2022, to June 21, 2023. Fifty patients con-
sented to the study and underwent abdomino-
plasty, belt lipectomy, brachioplasty, mastopexy,
and reduction mammaplasty procedures. Three
patients underwent combined procedures and
received the randomized application of control
and experimental dressings to each surgical site.
Follow-up scores in these patients were averaged
in statistical calculations. After incisions were
closed, a 1:1 computerrandomized generator
was used to select the side for application of the
experimental silk dressing to control for surgeon
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operational bias. Sutured surgical incisions were
dressed with the experimental silk wound dress-
ing on the ipsilateral side and Steri-Strips on the
contralateral control side, and thus, each patient
served as their own internal control. Patients were
blinded in the study and were not told which side
was the experimental or control side. The physi-
cians and clinical trial staff refrained from using
dressing names and referred to each side as the
left or right side of the patient to maintain patient
blinding during follow-up appointments.

Inclusion and Exclusion Criteria

All eligible patients signed written consent
forms in accordance with the ethical standards
of the Declaration of Helsinki and satisfied the
following inclusion criteria: 18 years of age or
older, fluency in the English language, cognitive
ability to consent, and preoperative surgical clear-
ance from a primary care physician. Study partici-
pants were excluded for the following: history of
an autoimmune disorder, diabetes, malignancy,
tobacco use, or a known allergy to Steri-Strips or
natural silk. Age, weight, height, body mass index,
and race and ethnicity were recorded.

Interventions

Experimental silk wound dressings were cre-
ated by laminating sterile Seri Scaffold (Sofregen
Medical) 10 x 25-cm sheets with a pressure-
sensitive acrylic adhesive (dermaFLEX; Flexcon)
and a paper backing. Sheets were then cut into
2.5 x 25-cm strips, rolled into self-sealable auto-
clave pouches, and resterilized with ethylene
oxide for 24 hours. Control dressings consisted of
12.5 x 2.5-cm Steri-Strips.

Outcomes

The primary outcome was the incidence of
MARSI as determined by a custom prepared
investigator-administered questionnaire to assess
the occurrence of skin discomfort, itching or
irritation, and erythema. The questionnaire was
given at clinical observation points on days 1
through 3 and at weeks 1, 2, 4, and 6. Patients
were prompted to selfreport symptoms on a
scale of 0 to 10, where 0 reflected no discomfort
or itching and 10 reflected severe or intolerable
skin discomfort or itching. Photographs were
taken at each visit and investigator observations
were made about the presence of erythema on
a scale of 0 to 10, where O reflected the absence
of erythema and 10 reflected severe erythema.
Scores were categorized as 0 to 3, indicating no
to mild reaction; 4 to 6, indicating a moderate

reaction; or 7 to 10, indicating a severe reaction.
Measures for the patient-administered question-
naire and the assessment of erythema were cre-
ated with the guidance of the Joint Task Force on
Practice Parameters for Allergy and Immunology
for Contact Dermatitis.”

Secondary outcomes included postoperative
incisional separation or wound dehiscence, the
need for topical steroids to treat complications of
allergic contact dermatitis, and the need for oral
or intravenous antibiotics to treat cellulitis or pre-
sumptive infection. The time needed for removal
was recorded in seconds to remove each wound
dressing. In accordance with manufacturer rec-
ommendations, both dressings were removed at
14 days. Premature detachment of the dressing
before the anticipated removal was recorded for
both sides. Early removal of the surgical site dress-
ing before postoperative day 14 was performed by
the treating physician because of rash, infection,
or excess wound drainage. If complications were
localized to 1 side of the incision or 1 breast or
arm, the wound dressing on the unaffected side
was not removed until postoperative day 14, as
scheduled. Data were collected and managed in
an Excel spreadsheet (Microsoft Corp.).

Sample Size

The sample size calculation was justified for
50 patients. Because each patient received both
treatments, the calculated sample size was 100 (50
silk dressing and 50 Steri-Strips). This was based
on the anticipated incidence of total MARSIs
of 16.7% on the Steri-Strip control side and an
incidence of 1% on the silk wound dressing side
with a power of 80% and an alpha level of 0.05. A
2-tailed ¢ test was used. The incidence of MARSI
on the Steri-Strip control side was based on previ-
ous literature as well as the previous experience
of the authors to select an anticipated value of
reaction.'”*”! One previous study that compared
the experimental silk dressing with Dermabond
Prineo in 25 patients revealed no MARSI (0 of 25)
with the silk dressing.”

Statistical Analysis

Statistical analyses were performed using
SPSS (SPSS Inc.) version 16.0 software with the
null hypothesis that the performance of the
hypoallergenic silk fibroin dressing is equiva-
lent to the performance of Dermabond Prineo
or Steri-Strips. The alternative hypothesis is that
the performance of the silk dressing is different
compared with the performance of Dermabond
Prineo or Steri-Strips in wound management of
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Table 1. Demographic Data

Interquartile

Characteristics Mean + SD Median Range Mode Minimum Maximum
Age, yrs 43.6 + 16.0 44.5 29 24.0* 19 76
Body mass index 28.5+5.3 27.4 8.2 23.6" 20.1 45.5
Weight, Ib 170.2 + 35.4 160 49.2 150 110 265
*Multiple modes exist. The smallest value is shown.
Table 2. Procedure Types (48 Cases) patients were excluded from the study: 1 because
Procedure Frequency (%) of a serious motor vehicle accident and thq seconFl
Abdominonlas 5 (104 because of an unexpected breast cancer diagnosis

plasty (10.4) . . .
Body lift 1 (21) in Fhe pathology specimen. The remaining 48 par-
Brachioplasty 9 (4.2) ticipants (median age, 44.5 years [interquartile
Brachioplasty, mastopexy, abdominoplasty 1(2.1) range (IQR), 29]; median body mass index, 27.4
Breast reduction 25 (52.1) [IQRa 8.2]; median Weight [1bs], 160 [IQR, 49.2];
Breast reduction/abdominoplasty 1(2.1) 48 biologic women) were assessed to calculate pri-
Capsulectomy/mastopexy 1(2.1) mary and secondary outcome measures. The most
Lower body lift/inner thigh lift 1(2.1) common procedure in the study group was breast
Mastopexy 10 (20.8) reduction (52%), with the second most prevalent
Mastopexy/abdominoplasty 1(2.1) being mastopexy procedures (20.8%) (Tables 1
Total 48 (100.0)

breast lift or reduction, abdominoplasty or body
lift, and brachioplasty.

To compare the frequency of nominal vari-
ables, a nonparametric related sample McNemar
test was applied to 2x2 tables. The paired ¢ test was
used for continuous variables with normal distri-
butions. Wilcoxon signed rank test was conducted
to assess any difference in mean ranks when
normality assumption was not demonstrated.
Kolmogorov-Simonov and Shapiro-Wilk tests were
used to assess normal distribution.

RESULTS

A total of 50 patients were randomized
between August 11, 2022, and July 30, 2023. Two

and 2).

Atotal 0f 10.4% of patients (5 of 48) developed
visible blisters with Steri-Strips; none (0 of 48)
developed skin blisters on the experimental silk
wounddressingside (P=0.063) (Figs. 1 through 3).
(See Figure, Supplemental Digital Content 1,
which shows a photograph of epidermal barrier
disruption as a result of skin shearing and blis-
ters with Steri-Strips. The patient is a 62-year-
old woman, day 5 after reduction mammaplasty,
http://links.lww.com/PRS/H172.) The frequency of
breast triple-point separation in 43 cases was 30.2%
(13 of 43) on the Steri-Strip side and 9.3% (4 of
43) on the silk dressing side (P = 0.012) (Figs. 4
through 6). A total of 20.8% of patients (10 of
48) required early removal of Steri-Strips because
of underlying complications; none (0 of 48)

T

-

Fig. 1. A 70-year-old woman is shown on day 4 after mastopexy surgery. (Left) The patient’s right breast was dressed with the
experimental silk wound dressing and showed no signs of blistering. The patient’s left breast was dressed with Steri-Strips, causing
a large fluid-filled vesicle as a result of shear forces exerted on the dermis. (Right) The blister was unroofed, resulting in disruption

of the epidermal barrier.
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Fig. 2. A 36-year-old woman is shown on day 5 after abdomino-
plasty surgery. The patient developed 3 blisters on her left abdo-
men dressed with Steri-Strips. The patient’s right abdomen was
dressed with the experimental silk wound dressing and had no
blisters.

Fig. 3. A 42-year-old woman is shown on day 4 after mastopexy
surgery. The patient presented with a blister on her right breast
dressed with Steri-Strips. The patient’s left breast was dressed
with the silk wound dressing and had no blisters.

Fig. 4. A 26-year-old woman is shown on day 15 after reduction
mammaplasty surgery. The patient presented with inflamma-
tion, erythema, and pain at the triple point on the left breast
dressed with Steri-Strips. The patient’s right breast was dressed
with the experimental silk wound dressing and showed no signs
of wound-healing complications.

Fig. 5. A 51-year-old woman is shown on day 7 after reduction
mammaplasty surgery. The patient presented with triple-point
separation, copious wound exudate, inflammation, and discom-
fort on the right breast dressed with Steri-Strips. The patient
also presented with 2 blisters surrounding the right areola. The
patient’s left breast was dressed with the silk wound dressing
and experienced no wound-healing complications.

Fig. 6. A 51-year-old woman is shown on day 14 after reduction
mammaplasty surgery. Right inferior pole erythema, discomfort,
and triple-point separation on the side dressed with Steri-Strips
were noted. There was quiescent wound healing at the inferior
pole of the left breast dressed with the experimental silk wound
dressing.

required early removal of the silk dressing.
A total of 75% of patients (36 of 48) had partial
or total detachment of the Steri-Strip dressing
during normal shower or bathing routines, and
18.8% of patients (9 of 48) had partial detach-
ment of the silk dressing within the first 2 weeks
(P < 0.001). The need for pharmaceutical inter-
vention including topical or oral antibiotics for
the treatment of complications on the control
Steri-Strip side was 45.8% (22 of 48), versus none
(0 of 48) on the experimental silk dressing side.
(See Table, Supplemental Digital Content 2, which
shows secondary outcome measures reported in
the study for the silk dressing versus Steri-Strips
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Table 3. Frequency of Discomfort, Irritation, and Erythema in the Silk Dressing and Steri-Strips (48 Patients)

Frequency of Moderate Frequency of Any Frequency of Severe
Visit to Severe Reaction (%) P Reaction (%)" P Reaction (%)" p:
First follow-up visit (1 to 4 days
after procedure, n = 45)
Silk skin discomfort 0 (0) 0.004¢ 6 (13.3) 0.021¢ 0 (0) 0.125
Steri-Strip skin discomfort 9 (20) 14 (31.1) 4 (8.9)
Silk irritation or  itching 0 (0) 0.016° 1(2.2) 0.004¢ 0 (0) 0.250
Steri-Strip irritation or itching 7 (15.6) 10 (22.2) 3 (6.7)
Silk rash 0 (0) 0.063 2 (4.4) 0.004¢ 0 (0) 0.500
Steri-Strip rash 5 (11.1) 11 (24.4) 2 (4.4)
Second follow-up visit (1 wk
after procedure, n = 46)
Silk skin discomfort 2 (4.3) 0.002¢ 8 (17.4) 0.002¢ 0 (0) 0.250
Steri-Strip skin discomfort 14 (30.4) 20 (43.5) 3 (6.5)
Silk irritation or itching 1(2.2) 0.002¢ 7 (15.2) 0.002¢ 0 (0) 0.125
Steri-Strip irritation or itching 11 (23.9) 19 (41.3) 4 (8.7)
Silk rash 0 (0) 0.004 0 (0) <0.001¢ 0 (0) 1.000
Steri-Strip rash 9 (19.6) 14 (30.4) 1 (30.4)
Third follow-up visit (2 wks after
procedure, n = 45)
Silk skin discomfort 0 (0) <0.001¢ 6 (13.3) <0.001¢ 0 (0) 0.063
Steri-Strip skin discomfort 14 (31.1 25 (55.6) 5 (11.1)
Silk irritation or itching 1(2.2) 0.004¢ 6 (13.3) <0.001¢ 0 (0) 0.500
Steri-Strip irritation or itching 10 (22.2) 18 (40) 2 (4.4)
Silk rash 1(2.2) <0.001¢ 4 (8.9) <0.001¢ 0 (0) 0.063
Steri-Strip rash 17 (37.8) 23 (51.1) 5 (11.1)
Fourth follow-up visit (4 wks
after procedure, n = 42)
Silk skin discomfort 0 (0) 0.250 2 (4.8) 0.063 0 (0) 0.250
Steri-Strip skin discomfort 3 (7.1) 7 (16.7) 3 (7.1)
Silk irritation or itching 0 (0) 0.063 2 (4.8) 0.031¢ 0 (0) 0.500
Steri-Strip irritation or itching 5 (11.9) 8 (19) 2 (4.8)
Silk rash 0 (0) 0.004¢ 1(2.1) 0.001¢ 0 (0) 0.063
Steri-Strip rash 9921.4) 12 (28.6) 5 (11.9)
Fifth follow-up visit (6-8 wk
after procedure, n = 40)
Silk skin discomfort 0 (0) 1.000 1(2.5) 1.000 0 (0) —
Steri-Strip skin  discomfort 1(2.5) 1(2.5) 0 (0)
Silk irritation or itching 0 (0) 1.000 1 (2.5) 0.250 0 (0) —
Steri-Strip irritation or itching 1 (2.5) 4 (10) 0 (0)
Silk rash 0 (0) 0.008 1(2.5) 0.008 0 (0) 0.250
Steri-strip rash 8 (20) 9 (22.5) 3 (7.5)
Overall (the highest scores
recorded in all 5 visits, n = 48)
Silk skin discomfort 2 (4.2) <0.001¢ 18 (37.5) <0.001¢ 0 (0) 0.001¢
Steri-Strip skin discomfort 26 (54.2) 35 (72,9) 11 (22.9)
Silk irritation or itching 2 (4.2) <0.001¢ 14 (29.2) <0.001¢ 0 (0) 0.002¢
Steri-Strip irritation or itching 25 (52.1 32 (66.7) 10 (20.8)
Silk rash 1(2.1) <0.001¢ 8 (16.7) <0.001¢ 0 (0) 0.002¢
Steri-Strip rash 26 (54.2) 35 (72.9) 10 (20.8)

“Related samples McNemar test. Exact significance is displayed.
"Frequency of any recorded score except 0 (no reactions excluded).
“Statistically significant.

9The test could not be executed.

[n = 48]. This study followed the CDC’s SCIP ini- wound dehiscence are reported. A significant
tiative guidelines for antibiotic cessation 24 hours  reduction in triple-point separation is also shown,
after surgery. Need for pharmaceutical interven-  which is supported by photographic documenta-
tion for early signs of cellulitis, blistering, or severe  tion of each case. Early removal of Steri-Strips was
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Fig. 7. A 51-year-old woman is shown on day 14 after abdomi-
noplasty surgery. Erythema and skin discomfort were noted on
the right side dressed with Steri-Strips. The left abdomen cov-
ered by the silk dressing showed no signs of wound-healing
complications.

due to blistering or early signs of cellulitis, http://
links.lww.com/PRS/H173.)

A total of A total of 22.9% of patients (11 of
48) characterized the severity of skin discomfort
as severe (7 to 10) on the Steri-Strip control side
and none (0 of 48) on the experimental silk dress-
ing side (P =0.001). A total of 54.2% of patients
(26 of 48) characterized the severity of skin dis-
comfort as moderate to severe (4 to 10) on the
Steri-Strip control side and 4.2% (2 of 48) on the
silk dressing side (P < 0.001). Individual calcula-
tions were completed on each of the 5 follow-up
appointments and are presented in Table 3 along
with an overall value determined by the highest
scores recorded in all visits. The most significant
differences between the 2 groups were seen 2
weeks after the procedure.

Frequency of Moderate to Severe Discomfort
Over Time for Silk and Steri-Strips (n=48)

Frequency of Moderate to Severe Irritation or
Itch Over Time for Silk and Steri-Strips (n=48)

A total of 20.8% of patients (10 of 48) charac-
terized the severity of skin irritation or itching as
severe (7 to 10) on the Steri-Strip control side and
none (0 of 48) on the experimental silk dressing
side (P=0.002). A total of 52.1% of patients (25
of 48) characterized the severity of skin irritation
or itching as moderate to severe (4 to 10) on the
Steri-Strip control side and 4.2% (2 of 48) on the
silk dressing side (P< 0.001) (Table 3).

A total of 20.8% of patients (10 of 48) were
assessed by surgeons as having severe skin ery-
thema (7 to 10) on the Steri-Strip control side
and none (0 of 48) on the experimental silk dress-
ing side (P = 0.002). A total of 52.1% of patients
(25 of 48) were found to have moderate to severe
skin erythema (4 to 10) on the Steri-Strip control
side and 4.2% (2 of 48) on the silk dressing side
(P < 0.001) (Table 3 and Fig. 7). For the 48
patients, the frequency of moderate to severe skin
discomfort, irritation or itching, and erythema
over all follow-up appointments during the clini-
cal trial are presented in Figure 8. Differences in
scar outcomes are presented in Figure 9.

A collective analysis was completed that com-
bined data from a previous study of 25 patients
(comparison of a silk fibroin dressing versus
Dermabond Prineo) with our current study of 48
patients (comparison of a silk fibroin dressing ver-
sus Steri-Strips) to determine the safety and effi-
cacy of the silk dressing in a total of 73 patients.
For the collective 73 patients, the silk dressing
showed a statistically significant decrease in the
rates of moderate to severe discomfort (57.5%
control versus 4.1% silk [P < 0.001]), irritation
or itching (45.2% control versus 5.5% silk [P <
0.001]), and erythema (53.4% control versus 1.4%

Frequency of Moderate to Severe Erythema
Over Time for Silk and Steri-Strips (n=48)

35.0% 31.1% 30.0% 40.0% 37.8%
30.4% .
30.0% 25.0% 23.9% 35.0%
—_ 25.0% = 200% - 30.0%
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Fig. 8. Frequency of moderate to severe discomfort (left), irritation or itching (center), and erythema (right) over time for the silk
wound dressing and Steri-Strips (48 patients). Frequency of discomfort and irritation reached maximum values between weeks 1
and 2; the frequency of erythema reached maximum values at week 2. *Statistical significance between experimental and control

groups.
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Fig. 9. A 56-year-old woman is shown 5 months after brachioplasty surgery. (Left) The patient’s right arm was dressed with Steri-
Strips. The hypertrophic scar is wider and displays more pronounced neovascular changes compared with the patient’s left arm
(right), which was dressed with the silk dressing.

silk [P< 0.001]) (Table 4). For all 73 patients, the
frequency of moderate to severe discomfort, irri-
tation, itching, and erythema throughout all 5
individual follow-up appointments are presented
in Figure 10. Additional information and the
types of procedures are shown in Supplemental
Digital Content 3 and 4. (See Table, Supplemental
Digital Content 3, which shows collective distri-
bution of demographic information in the study
group containing analysis of both Dermabond
Prineo [n = 25] and Steri-Strips [n = 48] in com-
parison with the silk dressing [n = 73], hitp://links.
lww.com/PRS/H174. See Table, Supplemental
Digital Content 4, which shows collective distribu-
tion of procedures in the study group containing
analysis of both Dermabond Prineo [n = 25] and
Steri-Strips [n = 48] in comparison with the silk
dressing [n= 73], hitp://links.lww.com/PRS/HI175.)

DISCUSSION

This study demonstrates pronounced statis-
tically significant differences in wound-healing
outcomes between the experimental silk fibroin
wound dressing and Steri-Strips during the
perioperative period. The silk wound dressing
increases patient comfort and decreases skin
irritation, erythema, and wound dehiscence.
Steri-Strips are made from rayon, a semisynthetic
fiber manufactured from cellulose, regarded
as a low-cost material in the textile industry.”
The production of rayon uses a hazardous and
controversial chemical process that raises many
environmental and ethical concerns.” Unlike
silk fibroin, which is a natural and regenera-
tive organic compound, rayon lacks many of
the ideal characteristics for optimal wound
healing.” The stable approximation of wound
edges over contoured and irregular surfaces, in
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addition to fibroin’s natural properties, may also
explain the differences seen in scar outcomes
shown in Figure 9.

The silk fibroin wound dressing is a mesh
that allows for oxygen exchange at the surgical
site and wound exudate egress through fenestra-
tions, which are properties that have been shown
to improve wound-healing outcomes.”” The
innate flexibility of the experimental silk wound
dressing allows for the even distribution of shear
forces that prevents the formation of blisters.”
Nonwoven rayon is an inelastic material that fails
to accommodate for changes in skin tension, post-
surgical swelling, and motion at the surgical site.
Our study documented 5 cases of skin blisters with
Steri-Strips and no cases of blisters with the silk
wound dressing.

The innate biomechanical characteristics of
rayon may also contribute to the high rates of
dressing detachment with Steri-Strips. Rayon is
a hydrophilic material and experiences a degra-
dation of skin adhesion over time because of the
absorption of wound exudate and water from
normal bathing routines.” Silk fibroin, how-
ever, is hydrophobic, and allows for stable dress-
ing adherence throughout the 2-week period.*
Our study has shown that wound dressing choice
plays a significant role in reducing postoperative
wound-healing complications. In reduction mam-
maplasty procedures, complication rates have
been reported to range from 11.4%* to 77%,"
with a common range falling between 43% and
53%, similar to our study.*"** The most cited com-
plication is delayed wound healing as a result of
wound dehiscence at the triple point. Given the
75% rate of premature detachment of Steri-Strips
within the first 2 postoperative weeks, Steri-Strips
offer minimal support to mitigate this common
complication. Our study followed the CDC’s SCIP
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Table 4. Frequency of Discomfort, Irritation, and Erythema in the Silk Dressing, Dermabond Prineo, or

Steri-Strips (73 Patients)

Frequency of Frequency Frequency
Moderate to of Any of Severe
Severe Reaction Reaction
Visit Reaction (%) P (%)" P (%)" P
First follow-up visit (1 to 4 days after procedure, n = 70)
Silk skin discomfort 0 (0) <0.001¢ 6 (8.6) <0.001¢ 0 (0) 0.016¢
Prineo or Steri-Strip skin discomfort 16 (22.9) 23 (32.9) 7 (10)
Silk irritation or itching 0 (0) 0.004¢ 1(1.4) <0.001¢ 0 (0) 0.125
Prineo or Steri-Strip irritation or itching 9 (12.9) 17 (24.3) 4 (5.7)
Silk rash 0 (0) 0.016¢ 2 (29 <0.001° 0 (0) 0.250
Prineo or Steri-Strip rash 7 (10) 20 (28.6) 3 (4.3)
Second follow-up visit (1 wk after procedure, n="71)
Silk skin discomfort 2(2.8) <0.001¢ 9 (12.7) <0.001¢ 0 (0) 0.031
Prineo or Steri-Strip skin discomfort 19 (26.8) 30 (42.3) 6 (8.5)
Silk irritation or itching 2(2.8) <0.001¢ 9 (12.7) <0.001¢ 0 (0) 0.031
Prineo or Steri-Strip irritation or itching 14 (19.7) 27 (38) 6 (8.5)
Silk rash 0 (0) <0.001¢ 0 (0) <0.001¢ 0 (0) 0.125
Prineo or Steri-Strip rash 12 (16.9) 19 (26.8) 4 (26.8)
Third follow-up visit (2 wks after procedure, n = 66)
Silk skin discomfort 1(1.4) <0.001¢ 8 (11.4) <0.001 0 (0) 0.002
Prineo or Steri-Strip skin discomfort 22 (31.4) 37 (52.9) 10 (14.3)
Silk irritation or itching 2 (2.9) <0.001¢ 8 (11.4) <0.001¢ 0 (0) 0.125
Prineo or Steri-Strip irritation or itching 15 (21.4) 29 (41.4) 4 (5.7)
Silk rash 1(1.4) <0.001¢ 7 (10) <0.001¢ 0 (0) 0.004
Prineo or Steri-Strip rash 27 (38.6) 36 (52.2) 9 (12.9)
Fourth follow-up visit (4 wks after procedure, n = 67)
Silk skin discomfort 0 (0) 0.004¢ 4 (6) <0.001° 0 (0) 0.125
Prineo or Steri-Strip skin discomfort 9 (13.4) 16 (23.9) 4 (6)
Silk irritation or itching 1 (1.5) 0.125 7 (10.4) 0.008¢ 0 (0) 0.500
Prineo or Steri-Strip irritation or itching 6 (9) 15 (22.4) 2 (3)
Silk rash 1 (1.5) 0.002¢ 2 (3) <0.001¢ 0 (0) 0.063
Prineo or Steri-Strip rash 11 (16.4) 18 (27.3) 5 (7.6)
Fifth follow-up visit (6-8 wks after procedure, n = 65)
Silk skin discomfort 0 (0) 0.500 1(1.5) 0.625 0 (0) —
Prineo or Steri-Strip skin discomfort 2 (3.1) 3 (4.6) 0 (0)
Silk irritation or itching 0 (0) 1.000 2 (3.1) 0.031¢ 0 (0) —d
Prineo or Steri-Strip irritation or itching 1 (1.5) 8 (12.3) 0 (0)
Silk rash (64 cases) 1 (1.5) 0.004¢ 1 (1.5) 0.001 0 (0) 0.250
Prineo or Steri-Strip rash (64 cases) 10 (15.4) 12 (118.8) 3 (4.7)
Overa171 (the highest scores recorded in all 5 visits,
n="13)
Silk skin discomfort 3 (4.1) <0.001¢ 22 (30.1) <0.001¢ 0 (0) <0.001¢
Prineo or Steri-Strip skin discomfort 42 (57.5) 53 (72.6) 20 (27.4)
Silk irritation or itching 4 (5.5) <0.001¢ 21 (28.8) <0.001I° 0 (0) <0.001¢
Prineo or Steri-Strip irritation or itching 33 (45.2) 51 (69.9) 14 (19.2)
Silk rash 1(1.4) <0.001¢ 13 (17.8) <0.001¢ 0 (0) <0.001¢
Prineo or Steri-Strip rash 39 (53.4) 54 (74) 16 (19.2)

*Related samples McNemar test. Exact significance is displayed.

"Frequency of any recorded score except 0 (no reactions excluded).

“Statistically significant.
9The test could not be executed.

initiative guidelines for postoperative antibiotic
cessation 24 hours after surgery. Wound-healing
complications were treated in the early stages to
prevent the need for inpatient hospitalization
or surgical débridement. Topical mupirocin 2%

ointment twice per day and oral antibiotics were
prescribed at early signs of cellulitis in association
with low-grade temperatures, discolored or puru-
lent wound drainage, severe wound dehiscence,
or triple-point separation.
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Fig. 10. Collective analysis of 73 patients documenting the frequency of moderate to severe discomfort (left), irritation or itching
(center), and erythema (right) over time for the experimental silk wound dressing and control Steri-Strips or Dermabond Prineo. The
frequency of discomfort, irritation, and erythema reached maximum values at week 2. In 73 patients, the silk wound dressing was
applied to the experimental side. In 48 patients, Steri-Strips were applied to the control side, and in 25 patients, Dermabond Prineo
was applied to the control side. *Statistical significance between experimental and control groups.

Silk fibroin’s unique properties, including its
high biocompatibility, low immunogenicity, high
mechanical strength, flexibility, regenerative attri-
butes, and hemostatic characteristics, have made it
a versatile material for various biomedical applica-
tions.”>*** This is the second IRB-approved clinical
trial to study a woven silk fibroin dressing for wound
healing. Other trials have studied silk fibroin in
animal and in vitro models, offering limited yet
promising results for the clinical applications of
silk fibroin."* Zhang et al.*® conducted a random-
ized, single-blind clinical trial on full-thickness
skin defects in 71 patients, to compare a pure silk
fibroin film with Sidaiyi (a silk fibroin sponge—sili-
cone 2-layered scaffold). This study concluded that
a silk fibroin film significantly accelerates wound
healing (P=0.015) and had no adverse events com-
pared with the control dressing. Park et al."” stud-
ied silk fibroin in vitro and in vivo using fibroblast
cell lines from mice and rats. The results showed
increased expression of nuclear factor kappa B sig-
naling pathway genes during silk fibroin treatment.
This molecular pathway is essential in wound heal-
ing and affects cell proliferation, adhesion, and
inflammation, and elimination of reactive oxygen
species.”*** Further studies have also quantified
the positive effects of silk fibroin on treating burns
and diabetic wounds.”*~”

The main limitation of this study was that only
2 control dressings were studied in comparison
with the experimental silk wound dressing. The
73-patient analysis totaled 146 experimental sites
(73 silk fibroin, 48 Steri-Strips, and 25 Dermabond
Prineo). It would be helpful to compare the
silk dressing with a broader array of surgical-site
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wound dressings and closure devices. The applica-
tion of the silk wound dressing across various med-
ical specialties, including orthopedic and cardiac
surgery, gynecology, and laceration repair, would
improve the reporting of MARSIs and expand the
generalizability of the study. This study involved
multiple procedures, including reduction mam-
maplasties, abdominoplasties, and brachioplas-
ties; however, more than 70% of cases involved
breast procedures. This emphasizes a necessity
for further research to broaden the application
of the silk dressing across various surgical pro-
cedures. Because of the high rates of Steri-Strip
detachment found in this study within the first 2
postoperative weeks, the conclusions may be lim-
ited inasmuch as the high rates of cellulitis and
other complications seen with Steri-Strips may be
related to the absence of a dressing or wound clo-
sure device rather than the Steri-Strip itself.

CONCLUSIONS

The experimental silk wound dressing has
been shown to improve patient outcomes and
comfort while decreasing the incidence of MARSIs
and wound-healing complications. (See Video
[online], in which author Daniel S. Rouhani dis-
cusses silk scaffold wound dressing and shares
insights into the study’s conclusions and clinical
relevance.) The beneficial properties of a woven
silk fibroin wound dressing include high biocom-
patibility, nonallergenicity, ease of application
and removal, oxygen permeability across the heal-
ing surgical site, wound exudate egress, flexibil-
ity, mechanical strength, promotion of skin edge
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detensioning, and minimization of shear forces
at the level of the dermis.””* This study presents
an innovative alternative for surgical-site wound
dressings through the modern reinvention of one
of the oldest biomaterials known to man: silk.
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