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Beneficial effects of silver foam dressing on healing of
wounds with ulcers and infection control of burn patients
Bo Yang', Xudong Wang?, Zhonghua Li*, Qi Qu*, Yan Qiu®

ABSTRACT

Objective: To assess the beneficial effects of silver foam dressing on the healing of wounds with ulcers and
infection control of burn patients.

Methods: Eighty-four second-degree burn patients were selected and divided into a study group and a
control group (n=42). After disinfection and cleaning, wound beds of the study group were covered with
silver-containing soft-silicone foam dressing, and wound surfaces of the control group were wiped with 1%
silver sulfadiazine cream (60 g/100 cm?). The two groups were checked weekly to observe wound healing
progress and adverse reactions of the skin around wounds. Wound secretions were collected and subjected
to bacterial culture. Related indices were recorded and quantified.

Results: Thirty seven cases of the study group (88.1%) and 36 cases of the control group (85.7%) recovered
to normal, and 3 (7.1%) and 2 cases (4.8%) in the two groups failed to recover. The recovery rates of the
two groups were similar (P>0.05), but unrecovered patients in the study group had significantly higher
proportions of repaired wounds (P<0.05). Wounds of the study group were healed significantly more rapidly
than those of the control group (22.3+3.1 vs. 25.1+4.4, P<0.05). The study group had significantly higher
proportions of repaired wounds from Day 7 to Day 21 (P<0.05), but the difference became less obvious
with extended time to Day 28. The bacterial culture-positive (exceeding 10° organisms per gram of tissue)
rates of both groups significantly reduced after treatment (Day 7 for the study group and Day 14 for the
control group), and the rate of the study group was significantly lower at last (P<0.05). The study and
control groups were observed 134 and 149 person-times respectively, with the normal wound-surrounding
skin rates of 96.3% (129/134) and 88.6% (132/149) (P>0.05 except for on Day 14). Except for on Day 28,
the study group had significantly lower pain scores than those of the control group (P<0.05), especially on
Day 7 and Day 14 (P<0.01). From Day 7 to Day 28, the study group was significantly less prone to burning
sensation than the control group (P<0.05), but both groups felt anxious during dressing change (P>0.05).
Dressing of the study group was changed significantly more easily (P<0.05), but the fixing outcomes were
similar (P>0.05).

Conclusion: Silver foam dressing rapidly, easily and safely resisted wound bacteria, promoted wound
healing and shortened recovery time, effectively relieving the pain of patients.
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of life.* The wounds from which ulcers arise can
be caused by various factors, including bacterial
or viral infections, fungal infections, radiation
and drugs. Ulcers of burn wounds are commonly
induced by infections.*¢ Infections severely
interfere with wound healing because bacteria
vigorously proliferate to defeat leukocytes and thus
result in redness and swelling, impregnation and
exudates. Besides rational nutritional support and
use of antibiotics, proper dressing is also needed to
control local infections.

Proper dressings should cover wound surfaces,
resist bacterial invasion, prevent infections and most
importantly, participate in the process of wound
healing, without toxicity or adverse reactions.””
Burn wounds are often treated with 1% silver
sulfadiazine which, however, stops functioning due
to increased bacterial drug resistance. Meanwhile,
silver sulfadiazine leads to pain and even wound
aggravation.”” In contrast, silver foam dressing,
which combines inorganic silver and dressing, is
broad-spectrum, long-lasting and can promote
burn wound healing effectively without obvious
drug resistance.

In this study, we compared the effects of these
two dressings on the healing of wounds with ulcers
and infection control of burn patients.

METHODS

Subjects: Eighty-four burn patients treated in our
hospital from June 2010 to September 2014 were
selected. This study was been approved by the
ethics committee of Qilu Hospital of Shandong
University, and written consent has been obtained
from all patients.

Inclusion criteria: Females or males aged 18-
60 years old; with second-degree burns (deep,
superficial) on non-joint regions; total burn area<
25% of total body surface area (TBSA); with wound
infections or ulcers.

Exclusion criteria: With burn injuries caused by
chemical substances, electric shock or radiation;
with heart, liver or renal insufficiency; with severe
dystrophy; with skin diseases or others affecting
treatment (e.g. HIV/AIDS, cancer and severe
anemia); allergic or hypersensitive to experimental
materials; with burns on the head, face, perineum
or joints; pregnant women or patients with mental
diseases and failed to comply with treatment.
Positions for study: Individual burn regions with
the areas of 1%-5% TBSA were selected (special
positions excluded).
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The 84 eligible patients comprised 49 males and
35 females. All wounds suffered from rupture and
ulceration, and sloughs on the wound bed were
accompanied by yellow pus, local redness and
swelling and even unpleasant smell. They were
then divided into a study group and a control group
(n=42), and their age, gender composition, wound
area, area for study and causes of burn were similar
(Table-I).

Methods:

Wound treatment: Wounds were first sterilized
inwards by using 0.05% chlorhexidine acetate
(Xibitai) and debrided based on the physical status
of patients. For the patients with strong resistance
or the young ones, mechanical debridement was
performed under local anesthesia with pliers,
tweezers and scissors to remove all narcotic
tissues such as sloughs and pus. As to the elderly
or patients with poor physical state, autolytic
debridement was conducted, i.e. necrotic tissues
were lysed and removed depending on naturally
produced proteolytic enzymes. After debridement,
wound beds were cleaned with hydrogen peroxide
and then with a large amount of normal saline.
Wound treatment: For the study group, silver-
containing soft-silicone foam dressing (ChinaGate
Company Ltd., batch No. 10-3361) tailored to 2-5
cm larger than the wound was covered, fixed and
protected with a secondary dressing. The silver
foam dressing should be closely adherent to the
wound bed, and if not, additional materials such as
cotton balls were required to render the dressing to
adapt to a depressed or irregularly shaped wound
bed. The dressing was changed (once per day to
once per week) according to wound healing and
exudation outcomes.

Table-I: Baseline clinical data.

Study Control P Total
group group
Gender 26/16 23/19 >0.05 49/35
(male/female)
Age (year) 34.9+£10.2 36.2¢¥114 >0.05 35.6+10.7
Infection 10528 9.3#3.3  >0.05 9.8+2.9
time (h)
Burn area 9.7+41  9.2+49 >0.05 9.5+4.4
(%TBSA)
Area for 3.0£0.6 29409  >0.05 3.0+0.8
study (%TBSA)
Cause of burn
Fire 18 (42.9%) 20 (47.6%) >0.05 38
Hot fluid 16 (38.1%) 15 (35.7%) >0.05 31
Thermal 8 (19.0%) 7(16.7%) >0.05 15
contact
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Wounds of the control group were wiped with
1% silver sulfadiazine cream (60 g/100 cm?, Zhunzi
1998-0481) and bandaged with gauze. The dressing
was refreshed once per day or between a shorter
time if considerable purulent secretions were
exuded. In the meantime, drainage was enhanced.
Evaluation criteria: The two groups were observed
five times for 28 days in total on Day 0, Day 7, Day
14, Day 21 and Day 28 respectively.

Wound healing: Wound area, degree of recovery
and healing time were recorded. To circumvent
subjective errors, wounds were photographed
and analyzed by using Image Pro-plus software to
calculate the proportion of repaired wound.
Proportion of repaired wound = (Initial area of
wound - area of unhealed wound)/initial area of
wound x 100%.

A wound was considered recovered to normal if
the proportion of repaired wound reached 95%.
Culture of wound bacteria: Wound secretions
were cultured to detect the presence of common
skin surface bacteria including Staphylococcus
aureus, Escherichia coli, Staphylococcus epidermidis,
Pseudomonas aeruginosaand hemolytic staphylococci.
Detection rate of bacteria = (Number of wounds
with positive culture results - total number of
wounds) x 100%. Where positive culture results
mean the levels of bacteria exceed 10° organisms
per gram of tissue.

Wound-surrounding skins: Whether skins suffered
from impregnation, erythema, rash and eczema
was observed.

Assessment of dressings: Pain, anxiety and burning
sensation were inquired and recorded every time
before wound treatment and upon dressing change,
and the difficulty and fixing of changing dressing
were compared.

Visual analogue scale was used to assess the
degree of pain, with 0 representing painless (100
points in total). Subjective indices including anxiety,
burning sensation, as well as difficulty and fixing of
changing dressing were quantified with five levels
(5 points: excellent; 4 points: good; 3 points: fair;
2 points: poor; 1 point: very poor). For example, 5
points meant no burning sensation.

Statistical analysis: All data were analyzed by
SPSS 15.0 software and first subjected to normality
test. The categorical data were expressed as (mean *
standard deviation), and inter-group comparisons
were performed with t test. The numerical data
were expressed as percentage (%)m and intergroup
comparisons were conducted by using x* test.
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P<0.05 and P<0.01 were considered as significant
difference and markedly significant difference.

RESULTS

Treatment outcomes: At the end of this study, 37
cases of the study group (88.1%) and 36 cases of
the control group (85.7%) recovered to normal,
and 3 (7.1%) and 2 cases (4.8%) in the two groups
failed to do so respectively. Besides, 2 (4.8%) and
4 cases (9.5%) in the two groups were surgically
treated respectively. The recovery rates of the two
groups were similar (P>0.05), but unrecovered
patients in the study group had significantly higher
proportions of repaired wounds (88%, 90% and
91% vs. 65% and 78%) (P<0.05).

Wound healing

Wound healing time: The wound healing times of the
study and control groups excluding the unrecovered
patients were 18-24 d (average: 22.3+3.1) and 20-28
d (average: 25.1+4.4) respectively. The difference
was statistically significant (P<0.05).

Proportion of repaired wound: The study group
had significantly higher proportions of repaired
wounds from Day 7 to Day 21 (P<0.05), but the
difference became insignificant with elapsed time
to Day 28 (Table-II).

Bacterial culture of wound secretions: On Day
21, 33 patients in the study group and 39 in the
control group continued to participate in the
experiment (others recovered), which became 17
and 26 respectively on Day 28. The bacterial culture-
positive (exceeding 10° organisms per gram of
tissue) rates of the two groups were 54.8% and 50%
respectively initially, which significantly reduced
after treatment (Day 7 for the study group and
Day 14 for the control group), and the rate of the
study group was significantly lower at last (P<0.05)
(Table-I1I).

Wound-surrounding skins: The study and control
groups were observed 134 and 149 person-times
respectively, with the normal wound-surrounding
skin rates of 96.3% (129/134) and 88.6% (132/149)
(P>0.05 except for on Day 14) (Table-1V).

Table-II: Proportions of repaired wounds.

Proportion of ~ Study Control P Total
repaired wound group (%) group (%)

Day 7 30.8+13.1 1424119 0.009 21.5%12.3
Day 14 68.1+16.6 47.7£145 0.016 57.7+15.0
Day 21 94.3+84  86.0£10.3 0.022 90.249.6
Day 28 98.1+14 96.3+2.0  0.061 97.7+1.7
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Table-III: Bacterial culture-positive (exceeding 105 organisms per gram of tissue) cases.

Bacterial culture Study group (case number) Control group (case number) P Total

n Positive n Positive n Positive
Day 0 42 23 (54.8%) 42 21 (50%) >0.05 84 44 (52.3%)
Day 7 42 10 (23.8%)” 42 17 (40.4%) 0.031 84 27 (32.1%)
Day 14 42 6 (14.3%)? 42 15 (35.7%)" 0.024 84 21 (25%)
Day 21 33 2 (6.1%)™= 39 10 (25.6%)" 0.011 72 12 (16.7%)
Day 28 17 1(5.9%)= 26 4 (15.4%)* 0.016 43 5 (11.6%)

Results of the study group on Day 7-Day 28 compared with those on Day 0,
aP<0.05, ©#P<0.01; results of the control group on Day 7-Day 28 compared with those on Day 0, "P<0.05, **P<0.01.

Assessment of dressing use: Except for on Day 28,
the study group had significantly lower pain scores
than those of the control group (P<0.05), especially
on Day 7 and Day 14 (P<0.01) (Table-V). From
Day 7 to Day 28, the study group was significantly
less prone to burning sensation than the control
group (P<0.05), but both both groups felt anxious
during dressing change (P>0.05). Dressing of the
study group was changed significantly more easily
(P<0.05), but the fixing outcomes were similar
(P>0.05).

DISCUSSION

Second-degree burn, which is the most common
form of thermal burns, is difficulty to control owing
to intense pain, slow healing and tendency to

infections. Upon aggravation, it may form scars and
ulcers which result in disfigurement or partial loss
of function, thereby seriously affecting the quality
of life.

Burn wounds are generally treated by changing
dressing or surgery. Despite satisfactory wound
healing outcomes, surgery is not suitable for all
patients because of high cost. Dressing changing,
on the other hand, is cheaper and mainly used
now in clinical practice, but wounds heal slowly.
Accordingly, it is of great significance to select
proper dressings in order to control local infections
and to promote healing. Ideal dressings should
be easily applicable, well-penetrating and broad-
spectrum, without drug resistance, local stimulation
or systemic adverse reactions.>'**

Table-IV: Wound-surrounding skins.

Wound-surrounding skin Study group Control group p Total

Day 7 n=42 n=42 n=84
Normal 41 (97.6%) 38 (90.5%) 0.305 79 (94.0%)
Erythema 0 2 2
Impregnation 1 1 2
Rash 0 1 1

Day 14 n=42 n=42 n=84
Normal 42 (100%) 35 (83.3%) 0.029 77 (91.7%)
Erythema 0 3 3
Impregnation 0 3 3
Rash 0 1 1

Day 21 n=33 n=39 n=72
Normal 30 (90.1%) 36 (92.3%) 0.748 66 (91.7%)
Erythema 1(3%) 1 2
Impregnation 1(3%) 2 3
Rash 1(3%) 0 1

Day 28 n=17 n=26 n=43
Normal 16 (94.1%) 23 (88.5%) 0.116 39 (90.7%)
Erythema 1 1 2
Impregnation 0 2 2
Rash 0 0 0

Total N=134 (person-time) = N=149 (person-time) N=283 (person-time)
Normal 129 (96.3%) 132 (88.6%) 0.161 261 (92.2%)
Erythema 2 7 9
Impregnation 2 8 10
Rash 1 2 3
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Table-V: Assessment of dressing use.

Wound-surrounding skin Study group Control group P

Before wound treatment
Pain 32.9£18.3 35.1+20.2

Day 7
Pain 17.5+7.2 33.1x15.5 <0.01
Burning sensation 3.4+0.8 2.5+1.4 <0.05
Anxiety 3.1#1.0 3.2£0.9
Difficulty of changing dressing 3.1+0.8 2.3+14 <0.05
Fixing outcome 2.840.9 2.641.1

Day 14
Pain 3.4+1.8 17.348.2 <0.01
Burning sensation 3.9+1.2 2.7£1.6 <0.05
Anxiety 3.3+1.1 3.3+1.1
Difficulty of changing dressing 3.5+0.9 2.6£1.3 <0.05
Fixing outcome 2.9+1.2 2.7%1.6

Day 21
Pain 1.1£0.9 8.6£5.7 <0.05
Burning sensation 3.7+¢0.9 2.9+1.3 <0.05
Anxiety 2.6£1.2 2.4+1.3
Difficulty of changing dressing 3.8+0.8 3.1+1.1 <0.05
Fixing outcome 3.1x0.9 2.7+1.3

Day 28
Pain 2.7+15 3.4+2.1
Burning sensation 3.8+1.1 3.0+1.4 <0.05
Anxiety 3.0+0.8 3.1+1.0
Difficulty of changing dressing 3.7£1.0 2.4+1.0 <0.05
Fixing outcome 2.9+0.7 2.7£1.3

P values are not given when there are no significant differences.

Silver sulfadiazine cream has been used as
wound dressing for over three decades,’®”® and in
clinical application, 1% such cream can well control
infections. However, it has failed in some cases due
to enhanced drug resistance of bacteria. Meanwhile,
this cream may inhibit leukocyte growth, easily
induce allergic reaction, aggravate pain, and even
hinder wound healing.

Recently, silver dressings have been used instead
to resist pain and to accelerate wound healing
following the mechanisms below.'*'® 1) Silver per
se, as a metal, can hardly be absorbed by bacteria,
but it can be ionized into the active form by wound
secretions to bind cell membrane and proteins; 2) By
interacting with sulfhydryl groups in the respiratory
enzymes of microorganisms such as bacteria, silver
is able to undermine the functions of these enzymes
and some DNAs; 3) Silver preferentially inhibits
the replication of bacterial DNAs by binding their
bases. As a common, typical silver dressing, silver
foam dressing is superior to other types owing to
the better handling of exudates, air permeability,
ease of tailoring and changing, as well as absence of
residue.

In this study, second-degree burn patients were
observed for 28 days and the effects of silver-
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containing soft-silicone foam dressing and silver
sulfadiazine cream on non-joint positions were
compared from the aspects of recovery, wound
healing, detection rate of bacteria in secretions and
assessment from patients and clinical practitioners.
The recovery rates of the two groups were similar
(P>0.05), but unrecovered patients in the study
group had significantly higher proportions of
repaired wounds (88%, 90% and 91% vs. 65% and
78%) (P<0.05). On Day 21, nine patients in the study
group and three in the control group recovered,
which became 25 and 16 respectively on Day 28,
indicating that silver-containing soft-silicone foam
dressing helped heal wounds more rapidly and
effectively than the other one did. The study group
had significantly higher proportions of repaired
wounds from Day 7 to Day 21 (P<0.05), but the
difference became insignificant with elapsed time
to Day 28, suggesting that silver foam dressing
worked more rapidly.

The bacterial culture-positive (exceeding 10°
organisms per gram of tissue) rates of the two groups
were 54.8% and 50% respectively initially, which
significantly reduced after treatment (P<0.01),
and the rate of the study group was significantly
lower on Day 28 (5.9% vs. 15.4%). Therefore, both



types of dressings had high antibacterial activities,
and the positive rates dropped on Day 7 for the
study group and on Day 14 for the control group.
Meanwhile, silver foam dressing was superior to
silver sulfadiazine in the antibacterial performance
and duration.

The study and control groups were observed 134
and 149 person-times respectively, with the normal
wound-surrounding skin rates of 96.3% (129/134)
and 88.6% (132/149) (P>0.05 except for on Day 14).
Thus, silver foam dressing was safer than silver
sulfadiazine.

Moreover, degrees of pain, burning sensation
and anxiety were inquired upon dressing change.
Except for on Day 28, the study group had
significantly lower pain scores than those of the
control group (P<0.05), especially on Day 7 and
Day 14 (P<0.01). From Day 7 to Day 28, the study
group was significantly less prone to burning
sensation than the control group (P<0.05), but both
both groups felt anxious during dressing change
(P>0.05). The results suggested that silver foam
dressing significantly alleviated pain more quickly
than silver sulfadiazine did.

Dressing of the study group was changed
significantly more easily (P<0.05), but the fixing
outcomes were similar (P>0.05), indicating that it
was more facile to use silver foam dressing. Silver
foam dressing rapidly, readily and safely resisted
wound bacteria, facilitated wound healing and
shortened recovery time, effectively mitigating the
pain of patients simultaneously.

Acknowledgement: This study was financially
supported by the Health Bureau of Jinan City Science
and Technology Program (Grant NO. 2013-06).

Declaration of interest: None.

REFERENCES

1. XieB,XiaoSC, Zhu SH, Xia ZF. Evaluation of long term health-related
quality of life in extensive burns: a 12-year experience in a burn
center. Burns. 2012;38(3):348-355. doi: 10.1016/j.burns.2011.09.003.

2. Palmieri TL, Nelson-Mooney K, Kagan R], Stubbs TK, Meyer W] 3rd,
Herndon DN, et al. Impact of hand burns on health-related quality
of life in children younger than 5 years. ] Trauma Acute Care Surg.
2012;73(3 Suppl 2):5197-204. doi: 10.1097/ TA.0b013e318265¢7ff.

3. Yang ZC. Advances in the treatment of severe burns and Prospects.
Chin J Burns. 2006;03:237-240.

4. Lansdown AB, Jensen K, Jensen MQ. Contreet Foam and Contreet
Hydrocolloid: an insight into two new silver-containing dressings. |
Wound Care. 2003;12(6):205-210. doi: 10.12968 /jowc.2003.12.6.26507.

5. Hakkarainen TW, Kopari NM, Pham TN, Evans HL. Necrotizing soft
tissue infections: review and current concepts in treatment, systems
of care, and outcomes. Curr Probl Surg. 2014;51(8):344-362. doi:
10.1067/j.cpsurg.2014.06.001.

6.  PoppJA, Layon AJ, Nappo R, Richards WT, Mozingo DW. Hospital-
acquired infections and thermally injured patients: chlorhexidine
gluconate baths work. Am J Infect Control. 2014;42(2):129-132. doi:
10.1016/j.ajic.2013.08.015.

Effects of silver foam dressing

7.  Khorasani G, Hosseinimehr SJ, Azadbakht M, Zamani A, Mahdavi
MR. Aloe versus silver sulfadiazine creams for second-degree burns:
a randomized controlled study. Surg Today. 2009;39(7):587-591. doi:
10.1007/500595-008-3944-y.

8. Durante CM. Chronic wounds and local malpractice: an
antimicrobial silver soft silicone foam can help solve the problem.
Poster presentation at the 3rd Congress of the WUWHS, Toronto,
2008. Available at: http:/ /www.molnlycke.

9. Carsin H, Wassermann D, Pannier M, Dumas R, Bohbot S. A
silver sulphadiazine-impregnated lipidocolloid wound dressing to
treat second-degree burns. ] Wound Care. 2004;13(4):145-148. doi:
10.12968 /jowc.2004.13.4.26600.

10. Gravante G, Caruso R, Sorge R, Nicoli F, Gentile P, Cervelli V.
Nanocrystalline silver: a systematic review of randomized trials
conducted on burned patients and an evidence-based assessment of
potential advantages over older silver formulations. Ann Plast Surg.
2009;63(2):201-205. doi: 10.1097/SAP.0b013e3181893825.

11. Bradbury S, Turner A, Ivins N, Harding K. Managing chronic
wounds with Acticoat Moisture Control. Wounds UK. 2007;3(2):104-
110.

12. Selig HF, Lumenta DB, Giretzlehner M, Jeschke MG, Upton D,
Kamolz LP. The properties of an "ideal" burn wound dressing--
what do we need in daily clinical practice? Results of a worldwide
online survey among burn care specialists. Burns. 2012;38(7):960-966.
doi: 10.1016/j.burns.2012.04.007.

13. Gierek M, Kawecki M, Miku$ K, Klama-Baryla A, Nowak M.
Biological dressings as a substitutes of the skin in the treatment of
burn wounds. Pol Przegl Chir. 2013;85(6):354-359. doi: 10.2478/ pjs-
2013-0054.

14. Mabrouk A, Boughdadi NS, Helal HA, Zaki BM, Maher A. Moist
occlusive dressing (Aquacel(®) Ag) versus moist open dressing
(MEBO(®)) in the management of partial-thickness facial burns: a
comparative study in Ain Shams University. Burns. 2012;38(3):396-
403. doi: 10.1016/j.burns.2011.09.022.

15. Muangman P, Pundee C, Opasanon S, Muangman S. A prospective,
randomized trial of silver containing hydrofiber dressing versus 1%
silver sulfadiazine for the treatment of partial thickness burns. Int
Wound J. 2010;7(4):271-276. doi: 10.1111/j.1742-481X.2010.00690.x.

16. Russell L. The CONTOP multinational study: preliminary data from
the UK arm. Wounds UK. 2005;1(1):44-54.

17. Lo SF, Hayter M, Chang CJ, Hu WY, Lee LL. A systematic review
of silver-releasing dressings in the management of infected chronic
wounds. J Clin Nurs. 2008;17(15):1973-1985. doi: 10.1111/j.1365-
2702.2007.02264 x.

18. Lo SF, Chang CJ, Hu WY, Hayter M, Chang YT. The effectiveness
of silver-releasing dressings in the management of non-healing
chronic wounds: a meta-analysis. ] Clin Nurs. 2009;18(5):716-728.
doi: 10.1111/j.1365-2702.2008.02534. x.

Authors’ Contributions:

BY & YQ: Study design and article writing.

XW, ZL & QQ: Data collection and analysis.

All authors take responsibility for the integrity of
the research.

Authors:

-

Bo Yang,
2. Xudong Wang,
Department of Burn and Plastic Surgery,
Zaozhuang Municipal Hospital, Zaozhuang 277102, China.
3. Zhonghua Li,
4. Qi Qu,
5. Yan Qiu,
Department of Hematology, Qilu Hospital of Shandong University,
Jinan 250031, China.
1,3,4: Department of Burn and Plastic Surgery,
The Fourth People’s Hospital of Jinan City, Jinan 250031, China.

Note: First two authors contributed equal in the study.

Pak J Med Sci 2015 Vol.31 No.6  www.pjms.com.pk 1339



