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Abstract

Purpose: To compare clinical efficacy of pure silica gel and chitosan quaternary ammonium salt silica
gel (SQASC) in treatment of hypertrophic scars.

Methods: Eighty-four patients with hypertrophic scars, who were admitted to hospital, were randomly
divided into study group and control group with 42 patients in each group. Study group was treated with
SQASC while control group was treated with pure silica gel. Scar scores (Vancouver scar score, VSS),
scar aesthetics (Patient and observer scar assessment scale, POSAS), symptom improvement and
adverse reactions were compared between groups before and after treatment.

Results: Before treatment, there were no differences in VSS and POSAS scores for each aspect
between groups. After treatment, VSS and POSAS scores for each aspect in study group were
significantly lower than those in control group (p < 0.05). Congestion, itching, pain disappearance and
thickness reduction occurred significantly earlier in study group than in control group (p < 0.05).
Incidence of adverse reactions in study group was 4.76 %, which was significantly lower than 19.05% in
control group (p < 0.05).

Conclusion: Compared with pure silica gel, SQASC effectively alleviates symptoms of hypertrophic
scars and aesthetics with fewer adverse effects. In future studies, sample size will be increased and
study duration will be extended appropriately.
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In

INTRODUCTION timely, the condition may be aggravated.
severe cases, some limb functions can be
Hypertrophic scars generally occur during affected resulting in disability [4].

healing of dermal skin injuries and manifest as
redness and hardening of local skin tissues [1,2].
These scars may affect aesthetic appearance of
patients and reduce their quality of life [3]. If
clinical treatment of hypertrophic scars is not

Currently, relative clinical studies on hypertrophic
scars have become a hotspot. However, no
consensus has been reached on drugs and
intervention  solutions for prevention and
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treatment of hypertrophic scars [5]. Some studies
have indicated that clinical efficacy may be
achieved by treating hypertrophic scars with
silicone material products. Therefore, we
compared clinical efficacy and safety of pure
silica gel and silicone of quaternary ammonium
salt of chitosan (SQASC) in treatment of
hypertrophic scars.

METHODS
Patient data

Eighty-four patients with hypertrophic scars who
were admitted to Lishui People’s Hospital
between January 2020 and December 2021
were included in this study. Patients were
randomly divided into study and control groups
with 42 patients in each group. Study group
consisted of 23 males and 19 females aged 20 —
46 years, with mean age of 36.14 + 3.15 years,
mean disease course of 1.44 + 0.50 years and
mean body mass index (BMI) of 23.15 + 1.02
kg/m2. Control group comprised 24 males and 18
females, aged 21— 45 years, with mean age of
36.21 + 3.04 years, mean disease course of 1.40
+ 0.50 years and mean BMI of 22.99 + 1.31
kg/m2.

There were no significant differences in clinical
data between groups. All procedures performed
in studies involving human participants were in
accordance with standards of Ethics Committee
of Lishui People’s Hospital (approval no. LLW-
FO-403) and with those of 1964 Helsinki
Declaration and its later amendments for ethical
research involving human subjects [6].

Inclusion criteria

Patients who met clinical diagnostic criteria
related to hypertrophic scars (scars were higher
than skin surface, duration of more than 6
months, congested capillaries were observed in
scar tissue, scar surface was light or bright red,
hard and may be accompanied by itching and
pain) were included. Patients with more than two
skin lesions, who received no form of treatment
within one month before enroliment in the study
and provided informed consent were also
included.

Exclusion criteria

Patients with scars accompanied by cancer, with
immune system disease, patients that had
allergies to relevant drugs in this study and
patients that had heart, liver, and/or kidney
dysfunction were all excluded from this study.

Treatments

Patients in study group were treated with SQASC
(Tianjin Joystar Science and Technology Co. Ltd;
approval number/production license number:
Jinxie CFDA 20192140102) while patients in
control group were treated with pure silica gel
(Hanson  Medical, Inc. USA; approval
number/production  license number: CFDA
20162645091). Treatment was administered as
follows: local lesions were completely rinsed and
disinfected.

After drying skin surface, appropriate amounts of
gel were applied to completely cover
hypertrophic scar tissue (gel thickness was
maintained between 0.5 and 1 mm). Thereatfter,
local skin was gently massaged so that gel
effectively and fully contacted local skin tissue.
Treatment was administered three times a day
and drug efficacy was observed and compared
after three months of continuous treatment.

Evaluation of parameters

Scar score (Vancouver scar score, VSS), scar

aesthetics (Patient and observer scar
assessment scale, POSAS), symptom
improvement and adverse reactions were

observed and compared between groups before
and after treatment.

Vancouver scar score (VSS) was used to
evaluate scar status before and after treatment.
VSS contains four dimensions: color, vascularity,
thickness, and softness. Scores for dimension
ranged from O to 3, 0 to 4, 0 to 3 and O to 5,
respectively. Lower scores indicate milder
symptoms.

Patient and observer scar assessment scale
(POSAS) was utilized to evaluate scar
aesthetics. Patient scar evaluation includes six
dimensions with total Done possible scores of 6 -
60 points. Observer scar evaluation include five
dimensions with total possible scores of 5 - 50
points. Higher scores indicated worse scar
appearance.

Symptom improvement comprised measurement
of time until capillary congestion disappearance,
itching disappearance, pain disappearance and
thickness reduction.

Statistical analysis
The SPSS 22.0 software was employed for all
statistical analyses. Measurement and

enumeration data are expressed as mean =*
standard deviation (SD) and cases (%),
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respectively. T-test and x? test were applied for
analysis. Differences were considered
statistically significant at p < 0.05.

RESULTS
Vancouver scar score (VSS)

Before treatment, there were no significant
differences in VSS dimensions between groups.
Following treatment, all VSS dimensions in study
group were statistically lower than those in
control group (p < 0.05; Table 1).

POSAS scores

Before treatment, there were no significant
differences in POSAS dimension scores between
groups. Following treatment, all POSAS
dimension scores in study group were
statistically significantly lower than those in
control group (p < 0.05; Table 2).

Symptom improvement over time

Time until congestion, itching, pain
disappearance and thickness reduction were
significantly shorter in study group than in control
group (p < 0.05; Table 3).

Adverse reactions

Incidence of adverse reactions in study group
was only 4.76%, which was significantly lower
than 19.05% in control group (p < 0.05; Table 4).

DISCUSSION

Clinical studies indicated that hypertrophic scars
are skin fibrotic disease and are caused by
excessive deposition of  collagen-based
extracellular matrix [7]. In patients with
hypertrophic scars, skin lesions expand during
disease progression [8,9]. Skin lesion area may
exceed original extent of injury, which can lead to
destruction of patient's skin aesthetics.
Additionally, local skin tissue around hypertrophic
scar may experience adverse reactions such as
itching and pain. For some hypertrophic scars
that occur in joints, severe conditions may trigger
limited activities in patients. These scars not only
affect patient's normal activities but also result in
adverse psychological states [10,11].

Although a consensus on pathogenesis of
hypertrophic scars has not been established, a
substantial proportion of clinical views suggest
that hypertrophic scars typically occur three
months after injury [12]. Following skin injury,
hypertrophic scars may arise due to an

imbalance between collagen synthesis and
degradation. The process of local connective
tissue hyalinization and skin collagen synthesis
and deposition can also influence hypertrophic
scar formation. Fibroblasts accumulate during
normal healing of damaged skin tissues to form
fibrous tissues. In the process of hypertrophic
scar formation, the fibrous tissues show ectopic
changes and excessive secretion of extracellular
matrix leads to a large accumulation of type |
collagen and disorganization. In addition, the
formation of hypertrophic scars may also be
heritable [13]. As indicated by preceding clinical
studies and current medical theory, it is
generally believed that no specific therapy is
available for treatment of hypertrophic scars [14].
Thus, novel options for clinical prevention and
treatment of hypertrophic scars should be
developed. There are many therapeutic
measures used to improve symptoms in clinical
practice, including drug therapy, surgical
treatment and laser therapy. However, these
treatment regimens often result in relapse,
especially in the latter two methods. These
clinical practices are often combined with other
treatment methods, such as silicone gel, to
prevent hypertrophic scars. Studies have shown
that silicone gel when applied postoperatively to
hypertrophic scars may reduce local platelet-
derived growth factor (PDGF) levels, but its
overall clinical efficacy is unsatisfactory [15]. In
the hospital, based on clinical experience,
SQASC has resulted in good outcomes in the
treatment of hypertrophic scars.

In this study, VSS and POSAS scores of patients
treated with SQASC were significantly lower (p <
0.05) than scores for group that received
treatment with pure silica gel. Additionally, time
for capillary congestion, itching, and pain
disappearance and thickness reduction times
were significantly reduced in study group
compared to control group. Furthermore,
incidence of adverse reactions in study group
was 4.76 %, which was significantly lower than
19.05 % in control group (p < 0.05). Therefore,
SQASC has a significant comparative advantage
over pure silica gel in treatment of hypertrophic
scars, which is consistent with previous reports
[16,17]. After an in-depth investigation, it was
discovered that comparative advantage of
SQASC mainly resulted from chitosan quaternary
ammonium salt and silicone components in its
component materials. Chitosan quaternary
ammonium salt functions to inhibit hypertrophic
scars by regulating various related factors. First,
chitosan quaternary ammonium salt can regulate
ratio of type | to type Il collagen in fibroblasts to
effectively decompose collagen cells.
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Table 1: Comparison of VSS dimensions between groups (mean = SD, n = 42)

Color (Point)
Before

Thickness (Point)
Before

Softness (Point) Vascularity (Point)

Group After

After Before After Before After

treatment treatment treatment treatment treatment treatment treatment treatment

Study group 2.19+0.40 0.81+0.40 2.77+0.43 0.81+0.40 3.95+0.31 0.93+0.34 2.45+0.50 1.50+0.50

Control group 2.21+0.42 1.14+0.42 2.79+0.42 1.12+0.40 3.98+0.27 1.26+0.40 2.50+0.50 2.07+0.50
t-value 0.2235 3.6873 0.2156 3.5515 0.4729 4.0738 0.4583 5.2241
P-value 0.8237 0.0004 0.8298 0.0006 0.6375 0.0001 0.6480 0.0000

Table 2: Comparison of POSAS scores between groups (mean + SD, n = 42)

Patient score (Point) Observer score (Point)

Total score (Point)

Group Before Before After Before After
treatment  Atertreatment o ent treatment treatment treatment
Study group 12.33+2.32 6.00+0.58 8.95+0.73 4.95+0.38 21.29+2.36 10.95+0.66
Control group 12.40+2.38 7.95+0.66 8.98+0.68 6.52+0.59 21.38+2.52 14.48+0.80
t value 0.1365 14.383 0.1949 14.4984 0.1689 22.0584
p-value 0.8918 0.0000 0.8460 0.0000 0.8663 0.0000

Table 3: Comparison of symptom improvement times between groups (mean = SD, n = 42)

Congestion Itching Pain Thi
. . . ickness
Group disappearance disappearance disappearance reduction (day)

(day) (day) (day)
Study group 11.33+ 151 11.33+1.44 15.36 + 1.41 21.33+2.16
Control group 13.26 +1.31 1495+ 151 19.98 +1.85 26.64+2.41
t value 6.2569 11.2436 12.8719 10.6333
P-value 0.0000 0.0000 0.0000 0.0000
Table 4: Comparison of adverse reactions between both groups (n = 42, %)

. . . Adverse

Group Erythema Allergic reaction Pigment change reactions
Study group 1(2.38) 0 (0.00) 1(2.38) 2 (4.76)
Control group 3(7.14) 2 (4.76) 3(7.14) 8 (19.05)
X2 value - 4.0865
P-value - 0.0432
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Additionally, it promotes repair of blood
circulatory system at injured tissues to increase
local oxygen content and repress "hypoxia
response” [18,19]. Secondly, chitosan quaternary
ammonium salt regulates tissue cells to become
epithelialized for promotion of wound healing.
Thirdly, chitosan quaternary ammonium salt
regulates immune response in skin tissue lesions
to suppress bacterial reproduction and effectively
prevent infection.

The mechanism of action of silicone components
on hypertrophic scars is different from that of
SQASC [20,21]. Firstly, silicone dressings seal
and hydrate skin lesions. Therefore, water can
accumulate to transfer from the local skin lesions
to the stratum corneum, which can inhibit
proliferation of fibroblasts and collagen
deposition, resulting in improved clinical efficacy.
Furthermore, hydration increases electric ion that
induces remodeling of collagen deposition
process [22]. Secondly, under hydrating
conditions, oxygen permeability at lesions is
enhanced, hypoxia responses are inhibited and
proliferative process of local blood vessels and
related tissues is hindered. Local skin
temperature increases under silicone dressing
coverage, which enhances collagenase activity
and promotes hydrolysis to inhibit scar
generation. Therefore, the two active ingredients
in SQASC may function synergistically to repair
scars during clinical treatment. Compared with
pure silica gel, use of SQASC in treatment of
hypertrophic scars effectively improve scar
symptoms and aesthetics with fewer adverse
effects.

Limitations of this study

Number of selected cases were relatively small
and source was relatively single. Study duration
was short and it was a single-center study. To
overcome this challenge, study will be conducted
in  multi-center hospitals to  strengthen
conclusions and enrich value of study.

CONCLUSION

Compared with pure silica gel, SQASC
effectively improves symptoms of hypertrophic
scar and aesthetics with better safety. In future
studies, sample size will be increased and study
duration will be extended appropriately.

DECLARATIONS
Acknowledgements

None provided.

Funding
None provided.
Ethical approval

Approval for this study was obtained from the
Ethics Committee of Lishui People’s Hospital in
China (approval no. LLW-FO-403).

Availability of data and materials

The datasets used and/or analyzed during the
current study are available from the
corresponding author on reasonable request.

Conflict of Interest
No conflict of interest associated with this work.
Contribution of Authors

We declare that this work was done by authors
named in this article and all liabilities pertaining
to claims relating to content of this article will be
borne by authors. Shenglin Wu and Yuan Jiang
designed and performed study, supervised data
collection, analyzed data, interpreted data,
prepared manuscript for publication and
reviewed draft of manuscript. The manuscript
was read and approved by all authors for
publication.

Open Access

This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES

1. Yang B, Dong Y, Shen Y, Hou A, Quan G, Pan X, Wu C.
Bilayer dissolving microneedle array containing 5-
fluorouracil and triamcinolone with biphasic release
profile for hypertrophic scar therapy. Bioact Mater 2021;
6(8): 2400-2411.

2. Wihastyoko HY, Soeharto S, Widjajanto E, Handono K,
Pardjianto B. Effect of papain enzyme administration in
pH alteration, VEGF phosphorylation, and its impact on
collagen degradation using a rat model of abnormal
scarring. Trop J Pharm Res 2021; 20(5): 1017-1022.

Trop J Pharm Res, August 2023; 22(8): 1723



Wu & Jiang

3. Ning X, Wiraja C, Chew WTS, Fan C, Xu C. Transdermal
delivery of Chinese herbal medicine extract using
dissolvable microneedles for hypertrophic scar
treatment. Acta Pharm Sin B 2021; 11(9): 2937-2944.

4. Huang Y, Peng T, Hu W, Gao X, Chen Y, Zhang Q, Wu
C, Pan X. Fully armed photodynamic therapy with spear
and shear for topical deep hypertrophic scar treatment.
J Control Release 2022; 343: 408-419.

5. Wang J, Zhao M, Zhang H, Yang F, Luo L, Shen K,
Wang X, Li Y, Zhang J, Zhang J et al. KLF4 alleviates
hypertrophic scar fibrosis by directly activating BMP4
transcription. Int J Biol Sci 2022; 18(8): 3324-3336.

6. Association WM. World Medical Association Declaration
of Helsinki: ethical principles for medical research
involving human subjects. Jama 2013; 310(20): 2191-
2194.

7. Zhang T, Wang XF, Wang ZC, Lou D, Fang QQ, Hu YY,
Zhao WY, Zhang LY, Wu LH, Tan WQ. Current potential
therapeutic strategies targeting the TGF-B/Smad
signaling pathway to attenuate keloid and hypertrophic
scar formation. Biomed Pharmacother 2020; 129:
110287.

8. Chow L, Yick KL, Sun Y, Leung MSH, Kwan MY, Ng SP,
Yu A, Yip J, Chan YF. A novel bespoke hypertrophic
scar treatment: actualizing hybrid pressure and silicone
therapies with 3D printing and scanning. Int J Bioprint
2021; 7(1): 327.

9. Fahmy AS, Rowin EJ, Arafati A, Al-Otaibi T, Maron MS,
Nezafat R. Radiomics and deep learning for myocardial
scar screening in hypertrophic cardiomyopathy. J
Cardiovasc Magn Reson 2022; 24(1): 40.

10. Yang Y, Xiao C, Liu K, Song L, Zhang Y, Dong B.
Silencing of long noncoding INHBA antisense RNA1
suppresses proliferation, migration, and extracellular
matrix deposition in human hypertrophic scar fibroblasts
via regulating microRNA-141-3p/myeloid cell leukemia 1
axis. Bioengineered 2021; 12(1): 1663-1675.

11. Wu Q, Chen J, Tan Z, Wang D, Zhou J, Li D, Cen Y.
Long non-coding RNA (IncRNA) nuclear enriched
abundant transcript 1 (NEAT1) regulates fibroblast
growth factor receptor substrate 2 (FRS2) by targeting
microRNA (miR)-29-3p in hypertrophic scar fibroblasts.
Bioengineered 2021; 12(1): 5210-5219.

12. Ge X, Sun Y, Tang Y, Lin J, Zhou F, Yao G, Su X
Circular RNA HECTD1 knockdown inhibits transforming
growth factor-beta/ small mothers against
decapentaplegic (TGF-B/Smad) signaling to reduce
hypertrophic scar fibrosis. Bioengineered 2022; 13(3):
7303-7315.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Liu SY, Wu JJ, Chen ZH, Zou ML, Teng YY, Zhang KW,
Li YY, Guo DY, Yuan FL. The m(6)A RNA modification
modulates gene expression and fibrosis-related
pathways in hypertrophic scar. Front Cell Dev Biol 2021;
9: 748703.

Zhang D, Li B, Zhao M. Therapeutic strategies by
regulating interleukin family to suppress inflammation in
hypertrophic scar and keloid. Front Pharmacol 2021; 12:
667763.

Ye Y, Ji Z, Zhou W, Pu C, Li Y, Zhou C, Hu X, Chen C,
Sun Y, Huang Q et al. Mean scar entropy by late
gadolinium enhancement cardiac magnetic resonance is
associated with ventricular arrhythmias events in
hypertrophic cardiomyopathy. Front Cardiovasc Med
2021; 8: 758635.

Meng X, Yu Z, Xu W, Chai J, Fang S, Min P, Chen Y,
Zhang Y, Zhang Z. Control of fibrosis and hypertrophic
scar formation via glycolysis regulation with IR780.
Burns Trauma 2022; 10: 15.

Lv K, Liu H, Xu H, Wang C, Zhu S, Lou X, Luo P, Xiao S,
Xia Z. Ablative fractional CO(2) laser surgery improving
sleep quality, pain and pruritus in adult hypertrophic scar
patients: a prospective cohort study. Burns Trauma
2021; 9: 23.

Yang S, Luo YJ, Luo C. Network meta-analysis of
different clinical commonly used drugs for the treatment
of hypertrophic scar and keloid. Front Med (Lausanne)
2021; 8: 691628.

Zhang S, Li K, Yu Z, Chai J, Zhang Z, Zhang Y, Min P.
Dramatic Effect of Botulinum toxin Type A on
hypertrophic scar: a promising therapeutic drug and its
mechanism through the SP-NK1R pathway in cutaneous
neurogenic inflammation. Front Med (Lausanne) 2022;
9: 820817.

Molina EA, Hartmann B, Oliver MA, Kirkpatrick LD,
Keyloun JW, Moffatt LT, Shupp JW, Travis TE, Carney
BC. Angiogenic gene characterization and vessel
permeability of dermal microvascular endothelial cells
isolated from burn hypertrophic scar. Sci Rep 2022;
12(1): 12222.

Yuan B, Upton Z, Leavesley D, Fan C, Wang XQ.
Vascular and collagen target: a rational approach to
hypertrophic scar management. Adv Wound Care (New
Rochelle) 2023; 12(1): 38-55.

Ogawa R, Dohi T, Tosa M, Aoki M, Akaishi S. The latest
strategy for keloid and hypertrophic scar prevention and
treatment: the Nippon Medical School (NMS) protocol. J
Nippon Med Sch 2021; 88(1): 2-9.

Trop J Pharm Res, August 2023; 22(8): 1724



