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Polyurethane is a medical material, which has excellent physical properties and high mechanical
compatibility. At present, one of the most effective application methods for antibacterial bacterial biofilm
is to combine polyurethane with nano-silver, so that the polyurethane material itself has bactericidal
performance and finally plays a good antibacterial effect. From August 2011 to January 2014, 75 patients
with crush injury or avulsion injury who had difficulty healing were randomly divided into 5 groups.
Results: Comparison of colony count results of different concentrations of nano-silver polyurethane;
comparison of colony count results of two groups in vitro; comparison of anticoagulant degree and
determination of whole blood coagulation time; comparison of coagulation routine examination results of
two groups; comparison of epithelial growth factor levels at different time after treatment; comparison of
tumor necrosis factor- a levels at different time after treatment between two groups; comparison of change
times, visual analogue score of pain during treatment and hospitalization time of two groups; comparison
of white blood cell count of two groups of polyurethane patients within 1 week; comparison of clinical
efficacy between two groups.

Conclusion: The medical material containing nano-silver polyurethane is a good bacteriostatic biomaterial,
which can inhibit common iatrogenic pathogens in vitro. The application of 5% nano-silver polyurethane
medical material to open wound, especially in patients with avulsion and crush injury in orthopaedics, can
inhibit the growth of common hospital pathogenic bacteria. can significantly reduce the level of tumor
necrosis factor- a in the wound, reduce the local inflammatory response, and can significantly improve the

clinical effect of the treatment of complex wounds, which is worthy of clinical promotion.

© 2020 Jingjun Zhao. Hosting by Science Repository.

Objective

Polyurethane is a medical material having excellent biocompatibility,
which has excellent physical properties and improved mechanical
compatibility of materials, the polyurethane has been widely used in the
current medical procedure, but it appears after implantation of human
infection cannot be ignored, once infected, mostly for its multi-drug
resistant pathogens, currently the most widely used against bacterial
biofilms method is polyurethane material with a combination of nano-
silver, which has bactericidal properties of the implant material in the
polyurethane material itself, play a good antibacterial effect. In this
study, in vitro experiments comparing different concentrations of nano-
silver antibacterial effect of polyurethane on Staphylococcus aureus,

Escherichia coli and Candida albicans, and then choose the best pure
polyurethane nano-silver antibacterial effect comparing medical
polyurethane material explore the nano-silver polyurethane applications
in the orthopedic wounds.

Methods

120 cases of refractory wound in our hospital from August 2011 to
January 2014 were treated, according to the figures were randomly
divided into two groups, each of 60 cases, all patients met the inclusion
and exclusion criteria. Between pure polyurethane material group and
nano-silver polyurethane group, differences in patient sex, age, area of
the wound, causes of injury, the wound site, and prior treatment such as
no statistically significant (P> 0.05), comparable, while 0.5% 1%, 2 %,

“Correspondence to: Jingjun Zhao, Dermatology Department, Medical Cosmetology Center, Tongji Hospital of Tongji University, 200065, Shanghai, China; E-

mail: 1148803564@qqg.com

© 2020 Jingjun Zhao. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited. Hosting by Science Repository.

http://dx.doi.org/10.31487/j.SCR.2020.06.22


https://www.sciencerepository.org/surgical-case-reports
https://www.sciencerepository.org/
mailto:1148803564@qq.com
http://dx.doi.org/10.31487/j.SCR.2020.06.22

Explore the Applications of Nano-Silver Polyurethane Skin Wound Dressing

and between silver polyurethane, differences in patient sex, age, area of
the wound, causes of injury, the wound site, and no previous treatment
such as nano four concentrations of 5% statistical significance (P> 0.05),
comparable.

All patients signed an informed before enrollment system consent and
approval of the hospital ethics committee reported, this study is divided
into two main steps, first prepared with different concentrations of nano-
silver polyurethanes and polyurethane material choice purely medical in
vitro tests, by Staphylococcus aureus, Escherichia coli, Candida
albicans culture counting judgment and choose a better antibacterial
polyurethane material, polyurethane material after selecting the best
antimicrobial activity, medical polyurethane material with a simple
comparison, two dressing frequency, pain during treatment score and
length of hospital stay, three days after the statistical treatment of the two
groups of polyurethane wound healing, and calculation analysis one day
after treatment, three days after treatment, both groups after treatment
seven days a polyurethane white blood cell count in patients at the time
of the last patient was discharged after treatment or when comparing two
treatment need surgery again.

Results

Silver polyurethane colony count results comparing different
concentrations of different concentrations of nano- nano-silver
polyurethane colony count comparison, with nano silver antimicrobial
concentration is elevated capacity enhancement, of which 5%
polyurethane nano-silver group cultured colonies of Staphylococcus
aureus (1.98 £ 0.25) x 106Cfu/ml, less than 2% polyurethane nano-silver
group (2.30 £ 0.23) x 106Cfu/ml, less than 1% polyurethane nano-silver
group (2.78 + 0.43) x 106Cfu/ml, below 0.5% nano silver polyurethane
group (3.02 £ 0.23) x 106Cfu/ml (P <0.05), 5% of polyurethane nano
silver coli colonies was cultured group (4.66 + 0.30) x 106Cfu/ml, less
than 2% nano silver polyurethane group (5.10 + 0.46) x 106Cfu/ml, less
than 1% polyurethane nano-silver group (6.26 + 0.50) x 106Cfu/ml, less
than 0.5% of nano-silver polyurethane group (7.04 + 0.36) x 106Cfu/ml
(P <0.05), 5% polyurethane nano-silver group culture of Candida
albicans colonies was (1.36 + 0.27) x 106Cfu/ml, less than 2% lower
than the nano silver polyurethane group (1.71 + 0.27) x 106Cfu/ml, 1%
nano silver polyurethane group (2.10 + 0.30) x 106Cfu/ml, nano-silver
is less than 0.5% of polyurethane group (2.54 + 0.42) x 106Cfu/ml (P
<0.05).

In vitro test results comparing the two groups of colonies counted after
1 week in vitro tests found that 5% of polyurethane nano-silver group
Staphylococcus aureus colony count (1.87 + 0.29) x 106cfu/ml,
significantly less than the pure polyurethane materials group (3.52 + 0.38
) x 106cfu/ml (P <0.05), 5% polyurethane nano-silver group Escherichia
coli colony count (4.53 £ 0.44) x 106cfu/ml, significantly less than the
pure polyurethane materials group (7.57 + 0.41) x 106cfu / ml (P <0.05),
5% polyurethane nano-silver group albicans colony count (1.36 + 0.22)
x 106cfu/ml, significantly less than the pure polyurethane materials
group (2.62 + 0.32) x 106cfu/ml (P < 0.05).

The extent of each group of anti- coagulation and clotting time was
measured comparing the group found (0.552 + 0.069), the degree of anti-
coagulation was significantly lower than 5% polyurethane nano-silver
group 2% polyurethane group (0.569 + 0.087), low 1% polyurethane
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nano-silver group (0.553 + 0.088), less than 0.5% of nano-silver
polyurethane group (0.544 + 0.064) (P <0.05), while 5% polyurethane
nano-silver group (8.63 + 0.60) min, the whole blood clotting time was
significantly longer than 2% of nano-silver polyurethane group (7.21 +
0.54) min, longer than 1% of nano-silver polyurethane group (6.52 +
0.55) min, longer than the 0.5% nano silver polyurethane group (6.05 +
0.58) min (P <0.05).

Routine coagulation test results for each group of 5% polyurethane nano-
silver group APTT time was (34.64 + 1.12) s, longer than the 2%
polyurethane nano-silver group (30.53 * 0.61) s, longer than 1%
polyurethane nano-silver group (25.56 + 0.48 ) s, longer than the 0.5
percent polyurethane nano-silver group (24.43 + 0.63) s (P <0.05), 5%
polyurethane nano-silver group PT time was (13.56 + 1.04) s, longer than
the 2% polyurethane nano-silver group (12.46 + 0.67) s, longer than 1%
polyurethane nano-silver group (11.08 + 0.51) s, longer than the 0.5
percent polyurethane nano-silver group (10.25 + 0.66) s (P <0.05), 5%
polyurethane nano-silver group TT time ( 14.33 + 1.21) s, longer than
the 2% polyurethane nano-silver group (13.09 + 0.54) s, longer than 1%
polyurethane nano-silver group (11.69 + 1.00) s, longer than the 0.5
percent polyurethane nano-silver group (11.36 + 0.55) s ( P <0.05).

Dressing two times during the treatment of pain visual analog scale
score, and treatment during the hospital stay of 5% polyurethane nano-
silver dressing group, the total number of (1.86 + 0.12) times,
significantly lower than the pure polyurethane materials group (5.16 +
0.15 ) times (P <0.05), during treatment in patients with pain visual
analog scale score, 5% polyurethane nano-silver group (1.52 + 0.16)
points, significantly lower than the pure polyurethane materials group
(4.22+£0.17) (P <0.05), postoperative hospital stay, the 5% polyurethane
nano-silver group (7.94 + 0.16) days, significantly less than (12.21 +
0.19) days of pure polyurethane material group, (P <0.05).

3 days after treatment, both groups of polyurethane wound healing
compared to the situation three days after treatment by the same
physician tube bed unified evaluation of wound healing, in which 5% of
the group wound polyurethane nano-silver ratio reached 46.7% dry scab,
significantly higher than the pure polyurethane material group wound
dry scab ratio of 26.7% (P <0.05), another group of pure polyurethane
material wound reduction ratio of 18.3 % pure polyurethane material
group wound swelling ratio, 5% polyurethane nano-silver wound group
reduction ratio was 23.3 %, 5% polyurethane nano-silver wound
swelling ratio group was 21.7 %, 5% polyurethane nano-silver ratio of
the group wound secretions increase of 8.3 %, 5 % polyurethane nano-
silver wound swelling and secretions group had increased overall rate of
55.0 %, significantly lower than 30.0% pure polyurethane material group
(x2 =7.673, P =0.006).

1 week comparing two groups of white blood cell counts in patients with
polyurethane that one day a week after treatment, after treatment, after 3
days and 7 days treatment in patients with WBC count two polyurethane
comparison, 5% polyurethane nano-silver group leukocyte count were
within the normal range while pure polyurethane material group were
higher than normal white blood cell count range, which after 5%
polyurethane nano-silver treatment group one day leukocyte count (6.57
+ 0.54) x 109 / L, significantly lower than the pure polyurethane
materials group (10.64 £ 0.94 ) x 109 / L (P <0.05), 5% polyurethane
nano-silver three days after treatment leukocyte count (7.96 £ 0.69) x
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109 / L, significantly lower than the pure polyurethane materials group
(17.51 £ 0.86) x 109 / L (P <0.05), 5% polyurethane nano-silver group
seven days after treatment, white blood cell count was (7.16 + 0.54) x
109 / L, significantly lower than the pure polyurethane materials group
(13.49+0.84) x 109/ L (P <0.05).

After treatment of epithelial growth factor levels at different times
compare 1 week after treatment, i.e. 1 day, 3 days after treatment, both
groups seven days after treatment in patients with epidermal growth
factor levels polyurethane comparison, one day after treatment, pure
polyurethane material group epidermal growth factor (26.90 + 0.33) pg
[ ml, significantly lower than the 5% polyurethane nano-silver group
(34.26 £ 0.40) pg / ml (P <0.05), 3 days after treatment, pure
polyurethane material group epidermal growth factor ( 39.36 + 0.36) pg
[ ml, significantly lower than the 5% polyurethane nano-silver group
(45.43 £ 0.75) pg / ml (P <0.05), 7 days after treatment, pure
polyurethane material epidermal growth factor group (45.32 + 0.28) pg
/ ml, significantly lower than 5% of polyurethane nano silver group
(102.45 + 0.84) pg / ml (P <0.05).

Different time levels of tumor necrosis factor -a comparative treatment
groups after 1 week 1 day, 3 days after treatment, after treatment in
patients with relatively seven days two polyurethane levels of tumor
necrosis factor -a treatment that is, one day after treatment, pure
polyurethane materials tumor necrosis factor -a was (11.62 + 2.19) pg /
ml, significantly higher than the 5% polyurethane nano-silver group
(5.35+0.71) pg / ml (P <0.05), 3 days after treatment, pure polyurethane
material group tumor necrosis factor -a was (23.15 + 2.20) pg / ml,
significantly higher than the 5% polyurethane nano-silver group (4.13 +
0.90) pg / ml (P <0.05), 7 days after treatment, tumor necrosis pure
polyurethane material factor -a was (52.58 + 2.86) pg / ml, significantly
higher than the 5% polyurethane nano-silver group (4.35 + 0.55) pg / ml
(P <0.05).

When comparing the clinical efficacy of the two groups when the patient
was discharged after treatment or require reoperation were compared
treatment effects, of which 5% polyurethane nano-silver ratio reached
50.0% in the group of excellent and good rate of 21.7%, good rate of
71.7%, significantly higher than excellent pure polyurethane material
group rate 45.0% (x2 = 8.777, P = 0.003).

Conclusion

Polyurethane dressings containing nano silver in vitro tests can be better
inhibition of Staphylococcus aureus, Escherichia coli, Candida albicans
growth, with significant antimicrobial activity, and the higher the
concentration, the stronger antimicrobial activity. Containing 5%
polyurethane nano- silver wound dressings used in the open, especially
in the orthopedic crush, avulsion of patients, as opposed to simply an
ordinary medical polyurethane material that is better able to inhibit
Staphylococcus aureus, Escherichia coli, white fake Candida growth.

Containing 5% polyurethane dressing silver nanoparticles used in open
wounds, especially in the orthopedic RCC, degloving injury patients, can
significantly reduce the degree of anticoagulant, and extend the whole
blood coagulation time, more conducive to patient airframe
anticoagulant, prevent thrombosis. Containing 5% polyurethane
dressing silver nanoparticles used in open wounds, especially in the
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orthopedic RCC, degloving injury patients, can significantly extend the
plasma prothrombin time (APTT), thrombin time (PT) and some
activated clotting time (TT) live enzymes, effectively reduce the
influence on blood coagulation function in patients with, to reduce and
prevent the formation of blood clots.

Containing 5% polyurethane nano- silver wound dressings used in the
open, especially in the orthopedic crush, avulsion patients can
significantly reduce the number of postoperative wound dressing, pain
during patient treatment of patients and shorter hospital stays.
Containing 5% polyurethane nano- silver wound dressings used in the
open, especially in the orthopedic crush, avulsion patients, can promote
wound soon dried and crusted, to reduce wound purpose, while reducing
swelling and increased secretions phenomenon. Containing 5%
polyurethane nano- silver wound dressings used in the open, especially
in the orthopedic crush, avulsion patients, can significantly improve the
clinical effect of the treatment of complicated wounds, worthy of
promotion.

Containing 5% polyurethane nano-silver wound dressings used in the
open, especially in the orthopedic crush, avulsion patients, can
significantly increase the wound epidermal growth factor levels and
promote wound regeneration and repair. Containing 5% polyurethane
nano-silver wound dressings used in the open, especially in the
orthopedic crush, avulsion patient, the wound can significantly reduce
levels of tumor necrosis factor-a, reduce local inflammation.

REFERENCES

1. Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri JB et al.
(2005) The bactericidal effect of silver nanoparticles. Nanotechnology
16: 2346-2353. [Crossref]

2. Albrecht MA, Evan CW, Raston CL (2006) Green chemistry and the
health implications of nanoparticles. Green Chem 8: 417-432.

3. Gong P, Li H, He X, Wang K, Hu J et al. (2007) Preparation and
antibacterial activity of Fe304@Ag nanoparticles. Nanotechnology 18:
604-611.

4. Ahmad Z, Pandey R, Sharma S, Khuller GK (2005) Alginate
nanoparticles as antituberculosi drug carriers:  formulation
development, pharmacokinetics and therapeutic potential. Ind J Chest
Dis Allied Sci 48: 171-176. [Crossref]

5. Duran N, Marcarto PD, De Souza GIH, Alves OL, Esposito E (2007)
Antibacterial effect of silver nanoparticles produced by fungal process
on textile fabrics and their effluent treatment. J Biomed Nanotechnol 3:
203-208.

6.  Castellano JJ, Shafii SM, Ko F, Donate G, Wright TE et al. (2007)
Comparative evaluation of silver-containing antimicrobial dressings
and drugs. Int Wound J 4: 114-122. [Crossref]

7. Chopra | (2007) The increasing use of silver-based products as
antimicrobial agents: a useful development or a cause for concern? J
Antimicrob Chemother 59: 587-590. [Crossref]

8. Gemmell CG, Edwards DI, Frainse AP, Gould FK, Ridgway GL et al.
(2006) Guidelines for the prophylaxis and treatment of methicillin-
resistant Staphylococcus aureus (MRSA) infections in the UK. J
Antimicrob Chemother 57: 589-608. [Crossref]

Volume 3(6): 3-4


https://pubmed.ncbi.nlm.nih.gov/20818017/
https://pubmed.ncbi.nlm.nih.gov/18610673/
https://pubmed.ncbi.nlm.nih.gov/17651227/
https://pubmed.ncbi.nlm.nih.gov/17307768/
https://pubmed.ncbi.nlm.nih.gov/16507559/

Explore the Applications of Nano-Silver Polyurethane Skin Wound Dressing

9. Song HY, Ko KK, Oh LH, Lee BT (2006) Fabrication of silver
nanoparticles and their antimicrobial mechanisms. Eur Cells Mater 11:
58.

10. Ip M, Lui SL, Poon VKM, Lung I, Burd A (2006) Antimicrobial
activities of silver dressings: an in vitro comparison. J Med Microbiol
55: 59-63. [Crossref]

11. Leaper DL (2006) Silver dressings: their role in wound management.
Int Wound J 3: 282-294. [Crossref]

Surg Case Rep doi: 10.31487/j.SCR.2020.06.22

12.

13.

14.

Kumar A, Vemula PK, Ajayan PM, John G (2008) Silver-nanoparticle-
embedded antimicrobial paints based on vegetable oil. Nature
Materials 7: 236-241. [Crossref]

Jain P, Pradeep T (2005) Potential of silver nanoparticle-coated
polyurethane foam as an antibacterial water filter. Biotechnol Bioeng
90: 59-63. [Crossref]

Oberdorster G, Oberdorster E, Oberdorster J (2005) Nanotoxicology:
an emerging discipline evolving from studies of ultrafine particles.
Environ Heal Perspect 113: 823-939. [Crossref]

Volume 3(6): 4-4


https://pubmed.ncbi.nlm.nih.gov/16388031/
https://pubmed.ncbi.nlm.nih.gov/17199764/
https://pubmed.ncbi.nlm.nih.gov/18204453/
https://pubmed.ncbi.nlm.nih.gov/15723325/
https://pubmed.ncbi.nlm.nih.gov/16002369/

