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Scar formation after injury or surgery is a major 
clinical problem leading to functional disability 
(contractures, adhesions) and  disfigurement. 

Scar contracture, hypertrophic scar, or keloid can 
lead to physical deformities, which can be disabling.1 
The annual economic burden of this problem has 
been conservatively estimated at more than $4 billion 
in the United States. Each year, 100 million US pa-
tients acquire scars as a result of surgical procedures, 
with approximately 55 million elective operations and 
25 million operations after trauma performed annu-
ally.2 Scar management strategies have traditionally fo-
cused on the biologic components of wound healing 
with the goal of identifying a single gene or transcrip-

Received for publication September 23, 2015; accepted April  
1, 2016.
Copyright © 2016 The Authors. Published by Wolters 
Kluwer Health, Inc. on behalf of The American Society of 
Plastic Surgeons. All rights reserved. This is an open-access 
article distributed under the terms of the Creative Commons 
Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and 
share the work provided it is properly cited. The work cannot 
be changed in any way or used commercially.
DOI: 10.1097/GOX.0000000000000734

From the Department of Plastic Surgery, University of Texas 
Southwestern School of Medicine, Dallas, Tex.

Background: Scar formation after injury or surgery is a major clinical prob-
lem. Individually, hyaluronan, or hyaluronic acid (HA), and vitamin C have 
been shown to reduce scarring by means of different mechanisms. The au-
thors evaluated the efficacy and safety of an HA sponge system containing 
an active derivative of vitamin C to determine whether the use of this prod-
uct promotes healing and reduces inflammation and scarring after surgery.
Methods: This double-blind, randomized, prospective study was approved by 
the local institutional review board. Participants who had unilateral or bilateral 
surgical scars more than 1 month but less than 18 months old were enrolled. 
Surgical scars were randomly assigned to receive placebo or HA sponge with 
vitamin C. Three blinded evaluators reviewed photographs of the incision lines 
and assessed the scars using a visual analog scale. A patient satisfaction survey was 
also administered. Participants were followed up at 4 weeks, 12 weeks, and 1 year.
Results: Twenty-three patients were enrolled in the study. Six patients 
dropped out of the study, for a total of 17 patients included in final analy-
sis. Mean (range) age of patient was 43.5 (25–67) years. Mean (range) 
body mass index was 27.4 (18–36.9) kg/m2. The mean visual analog scale 
score for scars receiving HA sponge with vitamin C was slightly lower than 
the scars receiving placebo, but the difference was not statistically signifi-
cant (t test; P = 0.9). The HA sponge with vitamin C was found to have 
significant positive findings on a patient satisfaction survey.
Conclusions: The HA sponge system with vitamin C is safe to use in any scars 
older than 4 weeks. It has high patient satisfaction in achieving a better scar 
after surgery. The micro-roller used to apply the product was easy to use 
to potentially increase the spread of the medication in older scars. (Plast 
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tion factor responsible for scar formation. To date, 
however, such strategies have not been successful.1,3

Skin repair after injury in adult humans follows 
4 distinct phases: homeostasis, inflammation, prolif-
eration, and remodeling.4 Primary, secondary, and 
tertiary stages of wound healing occur simultane-
ously in differing degrees of intensity; it is important 
for wounds to go through all 3 healing stages for the 
resultant scar to be aesthetically pleasing.3–6

Three main areas of scar control are scar support 
to decrease skin tension, hydration, and accelerated 
scar maturation. Scar support during the matura-
tion phase, which starts at 3 weeks and can last for 
years, has been studied for years with various avail-
able commercial products,7 but no product has been 
found to provide optimal standard outcomes over 
various skin types and scar types. Silicon sheeting is 
one commonly used product which provides hydra-
tion, and negative charge and occlusion of the scar, 
as a mechanism of action, but there is no clear sup-
port that this product will actually modulate inflam-
mation and intrinsic factors of scar maturation.8,9

Scarless fetal healing is thought to be influenced 
by the abundance of hyaluronic acid (HA),10 which 
has been shown to modulate inflammation.11 On the 
contrary, we have limited knowledge about its exact 
mechanism of action in accelerating scar maturation 
and improvement of the appearance of scars.12,13 Al-
though scar maturation can be accelerated by conver-
sion of immature collagen to mature collagen, other 

factors that modulate inflammation and control the 
orientation of collagen fingers may play a role in 
overall aesthetic appearance of the scars.3,5,6,13–16

One scar management product, the hyaluronan 
or HA sponge (HylaSponge System, Matrix Biologi-
cal Institute, Fort Lee, N.J.), uses polymerization 
methods to produce a network of small and large 
HA molecular chains bound into large coils (Fig. 1). 
These coils form spheroidal particles that can absorb 
and release large volumes of water or water-soluble 
molecules. This process in turn improves hydration 
and other mechanisms of a more desirable scar mat-
uration such as delivering HA molecules and other 
water-solvable molecules to the scar.17

Vitamin C plays a very important role in collagen 
metabolism. Magnesium ascorbyl phosphate (MAP) 
is a water-soluble, nonirritating, stable derivative of 
vitamin C. It has the same potential as vitamin C to 
boost skin collagen synthesis, but it is effective in sig-
nificantly lower concentrations and can be used at 
concentrations as low as 10% to suppress melanin 
formation (in skin-whitening solutions). Of note, 
MAP may be a better option than vitamin C for per-
sons with sensitive skin and those wishing to avoid 
any exfoliating effects, as many vitamin C formulas 
are highly acidic (and therefore produce exfoliating 
effects).18 Skin enzymes transform MAP into ascor-
bic acid (vitamin C), an antioxidant and a cofactor 
for an enzyme essential in the synthesis of collagen. 
As an antioxidant, vitamin C scavenges and destroys 

Fig. 1. Hyaluronan sponge system. a, Hyaluronan sponge system with soluble hyaluronan large molecular weight, soluble 
hyaluronan small molecular weight, and biologically active molecule still within the sponge system. Stratum corneum is not 
hydrated and thinner. B, Hyaluronan sponge system with soluble hyaluronan large molecular weight, soluble hyaluronan 
small molecular weight, and biologically active molecule transferred into the layers of skin. Surface of skin and skin layers are 
kept hydrated by this mechanism. Stratum corneum is well hydrated and thicker. reprinted with permission from Hylaco llC.
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reactive oxidizing agents and other free radicals. It 
can thus provide important protection against dam-
age induced by ultraviolet radiation (and the DNA 
mutations and cancer that may result from it).19 Vita-
min C also helps to improve skin elasticity, decreases 
wrinkles by stimulating collagen synthesis, reduces 
redness, promotes wound healing, and suppresses 
cutaneous pigmentation. Because body control 
mechanisms limit the amount of ingested vitamin 
C available to the skin, topical application is an effi-
cient way to target vitamin C antioxidant therapy di-
rectly to the skin. This topical antioxidant is a more 
stable form of ascorbic acid that can stimulate col-
lagen synthesis.18,20–23

In this study, we evaluated the efficacy and safe-
ty of an HA sponge system containing MAP (ie, 
HA sponge with vitamin C). We sought to deter-
mine whether the use of this product promotes 
healing and reduces inflammation and scarring 
after surgery.

METHODS
The present double-blind, randomized, prospec-

tive study was approved by the institutional review 
board of the University of Texas Southwestern Medi-
cal School. Participants were surgical patients who 
had unilateral or bilateral surgical scars more than 1 
month but less than 18 months old. Complete inclu-
sion and exclusion criteria are listed in Table 1.

Eligible participants were randomly assigned to 
group 1 or group 2. SAS PROC PLAN software (SAS 
software version 9.3; SAS Institute, Cary, N.C.) was 
used to generate random sequence of assignments. 
Then, series of numbered envelopes were prepared, 
each containing a treatment assignment for the next 
participant. Patients who were eligible for the study 
were given sequential subject ID, which was matched 

with a number on randomization envelopes. Enve-
lope was then opened by a research nurse, and pa-
tients received investigational or placebo based on 
treatment assignment in envelope. Each product was 
marked only as “product A” and “product B.” For 
unilateral incisions, participants in group 1 applied 
HA sponge with vitamin C (investigational, product 
A) to the right side of the scar and placebo (product 
B, formulation without active ingredients) to the left 
side of the scar. Patients were blinded as to which re-
gion of the scar received the active product and pla-
cebo. For bilateral incisions, participants in group 1 
applied HA sponge with vitamin C to the right scar 
and placebo to the left scar.

For unilateral incisions, participants in group 2 
applied placebo to the right side of the scar and HA 
sponge with vitamin C to the left side of the scar; for 
bilateral incisions, participants in group 2 applied 
placebo to the right scar and HA sponge with vita-
min C to the left scar.

Product A—Intensive repair and Protect Vitamin 
C—Water, HylaSponge System, Magnesium ascor-
byl phosphate, Acetyl hexapeptide-3, Glycerin, Cit-
ric acid, Palmitoyl tripeptide-5, Hydrolyzed Jojoba 
Protein, Benzylalcohol/Dehydroacetic acid, Aloe 
barbadensis, Xanthan gum, Disodium EDTA (Ethyl-
enediaminetetraacetic acid), Fragrance oil.

Product B—Formulation without active ingredi-
ents: Water, Xanthan gum, EDTA, Benzylalcohol-
DHA, TEA (Triethylamine), fragrance oil.

Products were supplied and packaged identically 
by the sponsor and labeled “product A” and “prod-
uct B” so that the investigator, the research team, and 
the participants were unable to distinguish which 
product was applied to which area. Participants were 
instructed to apply the products twice daily to each 
side or equally divided single area.

Participants were in the active treatment phase 
of the study for 12 weeks with 4 study visits (screen-
ing, 4 weeks, 12 weeks, and 1 year). After 12 weeks, 
participants received the HA sponge with vitamin C 
and micro-rollers (stainless steel, 0.25 microns) to 
use on both sides or incisions until the 1-year visit. 
Each visit included evaluation by the investigator, 
patient satisfaction surveys, and photographs of the 
surgical sites. Three blinded evaluators reviewed the 
photographs and assessed the scars with a Modified 
Manchester/visual analog scale (VAS) at 12 weeks. A 
10-point New Scale was created by adding measures 
including scar color, texture, relation to surround-
ing skin, and distortion. For all scales, lower scores 
indicated better outcomes.

Group comparison for all variables considered 
ordinal and not normally distributed was analyzed 
using the Mann-Whitney test. For comparisons of 

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria
1. Any bilateral surgical scars of any size or any single 

surgical scar more than 6 inches long, which are 
more than 1 month but less than 18 months old

2. Male or female participants aged 21–70 years on the 
date of signing the information and consent form; 
scars must be easily accessible by the participant to 
apply the investigational products

Exclusion Criteria
1. Not interested or unable to complete all follow-up visits
2. Known or suspected diagnosis of diabetes mellitus
3. Known or suspected use of tobacco products within 

14 days of signing informed consent through 
12-week follow-up

4. Women who are pregnant, nursing, or planning to 
become pregnant during the study, or within 12 weeks 
after the procedure

5. Men or women undergoing any surgery for removal 
of cancerous tissue
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continuous variables, a 2-group t test was used. Cat-
egorical variables were analyzed using a χ2 test or the 
Fisher exact test. A P value <0.05 was considered sta-
tistically significant. For multiple tests within a single 
table comparison, appropriate adjustments to the  
P values were made using a Bonferroni technique. 
The χ2 test was also used in statistical analysis. Statis-
tical tests were performed using SAS statistical soft-
ware (version 9.3; SAS Institute).

RESULTS
A total of 24 patients were enrolled in the study. 

Seven patients dropped out of the study, for a total 
of 17 patients included in final analysis. Six patients 
were lost to follow-up and 1 patient withdrew con-
sent after initially getting enrolled in the study be-
cause of personal reasons. Mean (range) age of was 
43.5 (25–67) years. Mean (range) body mass index 
was 27.4 (18–36.9). Mean (range) scar age was 21.4 
(1–18.5) months. Exception was made for 1 patient 
with follow-up few months later (18.5 months) as it 
did not affect the result of the study. Patient demo-
graphics are shown in Table 2. No adverse effects 
were reported in any patients.

Figure 2 shows the analysis of VAS at 12 weeks. It 
shows the agreement comparing sides that received 
the HA sponge with vitamin C versus placebo on the 
same participant. The mean VAS score for the HA 
sponge with vitamin C side (3.98) is very close to the 
placebo side (3.96) with no statistically significant 
difference (t test; P = 0.9).

Figures 3 and 4 show that differences were found 
between the 2 products for questions like “Which 
scar is smoother?” (P = 0.93) and “Which product 
do you prefer?” (P = 0.4). These were not statistically 
significant.

Figure 5 shows that no statistically significant dif-
ference was found between the 2 products when 
answers for the “Satisfied with scar” question were 
grouped into “very satisfied,” “satisfied,” “neutral,” 
and “unsatisfied” (P = 0.46). However, when “very 
satisfied” and “satisfied” answers were grouped 
and compared with “neutral” and “unsatisfied” an-
swers, a statistically significant difference was found  
(P = 0.001; Figure 6). Figure 7 shows that majority of 
patients would buy the HA sponge with vitamin C. 
Figure 8 shows the micro-roller given to participants 
for applying the HA sponge with vitamin C after the 
first 12 weeks. Figure 9 shows that the majority of 
participants believed that the micro-roller was easy 
to use.

Figure 10 shows the box plot, which indicates a 
slightly higher mean for the side that received the 
HA sponge with vitamin C than for the side that re-
ceived placebo.

Figure 11 shows evolution of a scar receiving HA 
sponge with vitamin C over the 12-week study period. 
The scar is thinner and more faded than the scar re-
ceiving placebo. Figures 12 and 13 show thinning of 
the scar over the 4- to 12-month application period.

DISCUSSION
Scarring can have a substantial psychological 

and financial impact on patients.2 Many nonin-
vasive and invasive scar management options are 
available. Noninvasive options include compres-
sion therapy (eg, pressure garments with or with-
out gel sheeting); static and dynamic splints; acrylic 
casts; masks and clips; oils, lotions, and creams; an-
tihistamine drugs; hydrotherapy; and psychosocial 
counseling and advice.3,24–27 Silicon sheeting, with 
or without adhesive, has become a popular option 

Table 2. Patient Demographics

No. Age	(years) BMI	(kg/m2) Scar	Age	in	Months Surgery

1 67 20.38 18 Bilateral brachioplasty
2 32 24.1 1.00 Abdominoplasty
3 25 21.1 14.00 Bilateral brachioplasty
4 50 31 1.00 Bilateral mastopexy
5 24 21.6 15.00 Bilateral breast augmentation
6 42 27.4 17.00 Thighplasty
7 55 18 16.00 Midline whipple
8 36 27.7 11.00 Abdominoplasty
9 34 37.6 5.00 Midline abdomen stabbing
10 45 37.8 11.00 Midline abdomen
11 37 28.2 8.00 Midline abdomen
12 36 27.5 6.00 Bilateral mastopexy
13 52 28.3 11.00 Subcostal
14 40 36.9 8.00 Hysterectomy
15 39 29.3 11.00 Abdominoplasty
16 61 NA 3.00 Bilateral mastopexy
17 64 22.3 3.00 Bilateral mastopexy
BMI, body mass index; NA, not available.
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for scar management.9 Massage therapy is often rec-
ommended but lacks evidence of benefit.28 With-
out proper trials, however, benefits are difficult to 
quantify objectively, although even a placebo ben-
efit may be appreciated by patients. Invasive treat-
ments include surgical excision and resuturing. 
Intralesional corticosteroid injection is widely used 
but is prone to complications (eg, fat atrophy, der-
mal thinning, pigment changes). Other treatments 
that have been advocated with variable outcomes 
include injections of fluorouracil, interferon gam-
ma, bleomycin, radiotherapy, laser therapy, and 
cryosurgery.24,29–31

Hydration, 1 of 3 main areas of scar control (the 
others being scar support and accelerated scar matu-
ration), reduces water loss and restores homeostasis 
to the scar, thereby reducing capillary hyperemia, 

Fig. 2. Visual analog scale score analysis at 12 weeks.

Fig. 3. Product preference based on smoothness.

Fig. 4. Which side do you prefer?

Fig. 5. How satisfied are you with the scar line?

Fig. 6. How satisfied are you with the scar line?
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collagen deposition, and hypertrophic scar.32 The 
HA sponge plays a role in maintaining hydration 
near the scar. The HA sponge is also different from 
all other forms of HA available today because of its 
content design and hydrating properties. Because 

of the water-retaining capacity of HA sponge, it fa-
cilitates the transport of metabolites and preserves 
tissue hydration, especially in the dermal layer. Hy-
aluronan likely plays a multifaceted role in the me-
diation of cellular and matrix events during wound 
healing. In addition, the larger and smaller mol-
ecules of HA penetrate the scar and contribute to 
accelerated wound healing, simulating fetal scarless 
healing by increasing the amount of HA in the area 
of the scar.10,12,14,33–38

In another prospective study (unpublished data, 
Monali Mahedia, Nilay Shah, Bardia Amirlak, 2015), 
we evaluated the HA sponge with zinc and found 
benefit with wound healing and obtaining a better 
scar when therapy was initiated immediately after 
surgical procedures. To our knowledge, this study 

Fig. 7. Comparison of product preference.

Fig. 8. Micro-roller used to apply hyaluronan sponge with  
vitamin C (stainless steel 0.25 microns).

Fig. 9. Satisfaction with micro-roller used to apply hyaluro-
nan sponge with vitamin C.

Fig. 10. new Scale analysis. this box plot compares the mean 
(diamond) and the median (horizontal line in the box) scores.
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is the first randomized controlled prospective trial 
showing significant patient satisfaction by using HA 
sponge with vitamin C in more mature scars. We also 
showed the ease of use of the micro-roller in this 
study. The micro-roller is safe and painless and ac-
tivates microcirculation by stimulating the skin with 
microneedles on the rotating head. It has 192 sur-
gical steel microneedles, which create microchan-
nels that allow the ingredients to better penetrate 
the skin surface and acts in synergy with HA sponge 

with vitamin C. These channels remain open for  
1 to 2 hours, and skin is able to absorb products 
more efficiently.39–41

Campos et al42 found photoprotective, hydration, 
and viscoelastic effects of a cosmetic formulation con-
taining a dispersion of liposome with MAP, alpha-lipoic 
acid, and kinetin in their in vitro and in vivo experi-
ment on hairless mouse skin and human volunteer 
forearm skin. After 4 weeks of application on hu-
man volunteer forearm skin, stratum corneum skin 

Fig. 11. evolution of a scar over the 12-week study period with the use of hyaluronan sponge with vitamin C vs placebo.

Fig. 12. Bilateral breast reduction scar at 4 months with the use of hyaluronan sponge with 
vitamin C vs placebo.

Fig. 13. Bilateral breast reduction scar at 12 months with the use of hyaluronan sponge with 
vitamin C vs placebo.
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moisture and hydration of deeper layers of skin were  
enhanced. They concluded that the formulation 
can have potential antiaging effects. Before that, 
they had shown that MAP can cause alteration in the 
viscoelastic:elastic ratio, suggesting that MAP can affect 
the deeper layers of the skin. Vitamin C is important for 
the normal cutaneous metabolism and preventing early 
aging.42 The formulation of the HA sponge allows de-
livery of MAP and similar products to maturing scars.10

No adverse reactions were reported in our study, 
consistent with previous findings supporting the safe-
ty of ascorbic acid. In safety studies in animal models, 
the use of ascorbic acid on damaged skin was not as-
sociated with any adverse effects. In addition, repeat-
insult patch test findings using 5% ascorbic acid were 
negative, supporting the finding that this group of in-
gredients does not present a risk of skin sensitization.

Although differences were noted in the VAS analy-
sis due to limited number of patients, the statistical sig-
nificance was not achieved. These preliminary data can 
lay the groundwork to larger prospective multicenter 
trials. However, even with these limited data, our pa-
tient satisfaction results were statistically significant 
and strong enough to support the routine use of this 
product. Another limitation of the study is the use of a 
VAS. Although this type of scale has been validated and 
is commonly used when assessing scars, it is subjective, 
which is the limitation in all scar assessment studies.

The method of randomization also deserves fur-
ther clarification as it can be confusing to the reader 
why this method of randomization was used for this 
study. It was done to balance internal randomization 
and to further blind the reviewers to the potential 
bias. It made statistical analysis more difficult but did 
not affect the results overall. Two groups were inter-
nally balanced because of method of randomization.

CONCLUSIONS
The HA sponge with vitamin C is safe to use in 

all types of scars older than 4 weeks. It was found 
to have high patient satisfaction after unilateral or 
bilateral surgery. Overall, patients also reported that 
the micro-roller used to apply the product was easy 
to use to potentially increase the spread of the medi-
cation in older scars.

Bardia Amirlak, MD
Department of Plastic Surgery

University of Texas Southwestern Medical Center
1801 Inwood Rd
Dallas, TX 75390

Bardia.Amirlak@utsouthwestern.edu
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