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Introduction 

Wound irrigation is the steady flow of a solution across 
an open wound surface to achieve wound hydra-
tion, to remove deeper debris and to assist in visual 
examination (Gabriel 2015). Wound healing has three 
distinct yet interrelated phases. The inflammatory 
phase is characterized by the body’s efforts to elimi-
nate infectious microorganisms, foreign debris and 
necrotic tissue. The proliferative or fibroblastic phase 
creates granulation tissue over the wound comprised 
of inflammatory cells, fibroblasts and new blood ves-
sels. Granulation tissue is covered with new epithelial 
cells from the wound edge leading to contraction and 
eventual closer of the wound. The final stage is mat-
uration and is characterized by collagen remodelling, 
which strengthens the overall wound repair. Together 
with debridement of dead tissue, irrigation helps to 
transition wound healing from the inflammatory phase 
(Rosdahl & Kowalski 2008).

Wound irrigation has been described as the cornerstone 
of wound management (Singer et al. 1994). Wound irri-
gation can be divided into irrigation technique (pressure 
related) and the irrigant used (Chatterjee 2005). Together, 
these factors attempt to remove foreign material, necrotic 

tissue and bacteria from wounds through mechanical 
forces (Atiyeh et al. 2009). There is clear evidence that 
wound irrigation reduces infection compared to non-irri-
gation methods of treatment (Chatterjee 2005). However, 
even with irrigation, outcomes are dependent on many 
factors, including the properties of the irrigant, the sever-
ity of contamination, type of pathogen in the wound, 
wound location and depth, local tissue hypoxemia, and 
age and nutritional status of the patient (Busse 2016). 
Irrigation is considered a universally accepted technique 
in both veterinary and human medicine.

Irrigants

Ideal irrigants should be isotonic, nonhemolytic, non-
toxic, transparent, easy to sterilize and inexpensive. There 
is no one ideal solution, and so the caregiver must eval-
uate each irrigant and make an informed decision as to 
which product will be appropriate for a particular patient. 
Current research suggests that normal saline (0.9% 
saline) may be amongst the most appropriate irrigants for 
trauma wounds; however, other antiseptic and non-anti-
septic solutions can be used under certain circumstances. 
Choosing the best irrigant may also depend on the species. 
It is contraindicated to irrigate deep wounds in birds that 
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might connect to the air sacs or lungs within the body cav-
ity. Likewise, some irrigants can interfere with the water-
proofing of feathers and fur in aquatic birds and mammals 
and should be selected only after alternatives have been 
considered. The remainder of this article discusses these 
choices and a summary of solution selectin and consider-
ations for wound irrigation can be found in Table 1.

Antiseptics

Acetic acid

Acetic acid, commonly known as vinegar, may be one of the 
oldest used antiseptics. It is usually diluted to a 1–5% con-
centration (10–50 ml of vinegar to 1 L of water) when used 
as an irrigant. A couple of studies suggest that acetic acid, 
when compared to other widely used antiseptics, has equal 
or greater activity against Pseudomonas aeruginosa, Proteus vul-
garis and Acinetobacter baumannii (Main 2008; Madhusudhan 
2016). Due to its low pH, acetic acid is toxic to host tissues 
to some degree. Thus, it should be reserved for wounds 
infected with the aforementioned organisms in which other 
antiseptics are failing. When it is used, a 15-minute per day 
compress or soak is recommended, rather than flushing 
action (González-Espinosa et al. 2007).

Chlorhexidine (4 and 0.05%)

Similar to povidone-iodine, chlorhexidine use is steeped 
in differing opinions and research. Its effects on healing 

tissue have increasingly come into question (Koburger 
et al. 2010).

Chlorhexidine comes in two concentrations: 4 and 
0.05%. Chlorhexidine 4% is intended for use on intact 
skin—for scrubbing surgical sites and cleaning hands in 
preparation for sterile procedures. It is not intended as a 
wound irrigant (Main 2008).

Chlorhexidine 0.05% is the concentration tradition-
ally used for irrigation. It has excellent antiseptic prop-
erties, low cellular toxicity to most cell types and bonds 
strongly to skin and muscle cell membranes extending 
its antimicrobial duration. Despite its beneficial prop-
erties, the cytotoxic effects increase with its concentra-
tion. Chlorhexidine has a well-established toxicity to the 
cornea of the eye, synovial membranes, the middle ear 
and components of the nervous system. Chlorohexidine 
should never be used in or around these tissue types.

Whilst an excellent antiseptic on intact skin, the nega-
tive cytotoxic properties lead one to question its use as an 
irrigant. Studies comparing infection rates following irri-
gation with a range of chlorhexidine solutions (0.5, 0.05 
and 0.005%) versus irrigation with saline showed no sig-
nificant difference in results (Penn-Barwell et al. 2012). 
A study in 1992 examining wounds in six dogs suggested 
that irrigation with chlorhexidine led to the same healing 
times as irrigation with LRS (Kalteis et al. 2003). Results 
from such a small sample size cannot be a sole guide for 
all clinical choices made. Examining the study from a dif-
ferent angle, the results imply that use of chlorhexidine 
does not necessarily improve wound healing over the use 

Table 1 Summary of solution selection and considerations for wound irrigation.  

Irrigant Dilution Considerations

Antiseptics

Acetic acid
1–5% concentration; provide 

via compress or soak

Some toxicity to cell tissue. Use when Pseudomonas aeruginosa, Proteus vulgaris or Acineto-
bacter baumannii are present and when other irrigants are ineffective.

Chlorhexidine 0.05% concentration

4% concentration only to be used as pre-surgical scrub on intact skin. May cause antibiotic 

resistance.2% concentration may be used as an irrigant except around the eyes, ears, joints and 

nervous system.

Dilute bleach 1–5% concentration Toxic to cell tissues; do not use in wound care.

Hydrogen peroxide N/A Toxic to cell tissues; use only to remove blood and debris from intact skin surface.

Polyhexanid solutions N/A Low cell toxicity and irritation; useful in infected wounds.

Povidine iodine 0.02% concentration
Toxic to cell tissues. Use in infected wounds unresponsive to other treatments and intact 

tissues, such as the skin around wounds.

Super-oxide solutions N/A Useful for irrigation of both acute, contaminated wounds and chronic, infected wounds.

Non-Antiseptics

Isotonic solutions N/A
Least comparative toxicity to cells and blood vessels. Safest irrigants for newly contaminated 

wounds.

Water N/A Can cause host-cell swelling; hypotonic; tap water preferable to distilled water. Decrease 

 bacterial load in wounds likely due to irrigation action, rather than irrigant choice.
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of saline. More and more, many veterinary surgeons are 
moving towards reserving chlorhexidine as an irrigant for 
visibly infected wounds.

Dilute bleach (i.e., Dakin’s solution)

A 0.05% dilution of bleach has been used to flush necrotic 
wounds (González-Espinosa et al. 2007). Nevertheless, it 
is well known that bleach is toxic to animal cells. In fact, 
one study found that to allow 50% of keratinocytes and 
fibroblasts—two cell types important to wound healing—
to survive, bleach had to be diluted 1145 times (Ryssel 
et al. 2009). There is also little actual data to prove using a 
bleach solution is beneficial in wounds. Due to the avail-
ability of other antiseptic options, mechanical debridement 
and systemic antibiotics, bleach is to be avoided in wounds.

Hydrogen peroxide

Hydrogen peroxide is readily available and low cost, often 
offered in the first-aid aisle of drug stores. Its bubbling 
action can be mistaken for cleansing and bacteria-killing 
activity. Repeated studies have shown hydrogen peroxide 
is to interfere with cell functions and to kill fibroblasts 
and keratinocytes (Singer et al. 1994; Ryssel et al. 2009; 
Sauer et al. 2009). The bactericidal activity of hydrogen 
peroxide is not enough to justify the damage it can do 
within wounds. For this reason, it is not an appropri-
ate irrigant. It can be used to remove blood and organic 
debris from intact skin surfaces.

Polyhexanid solutions (e.g., Lavanid™ Serag-
Weissner, Naila, Germany)

Polyhexanid solutions are marketed as irrigants for clean-
ing, moistening and decontaminating chronic skin wounds 
and in common products such as contact lens solution and 
cosmetics. A series of case studies in chronic human wounds 
showed improvement in 70% of patients when irrigation 
with a polyhexanid solution was started. Improvement 
was demonstrated by decreased biofilm, less exudate, 
shrinking dimensions of the wound and decreased pain 
according to the patients (Hirsch et al. 2009).

Additional studies used the chorioallantoic membrane 
of chicken eggs as a model for blood vessels; a polyhexanid 
solution had an irritation score of 0, even after 60  minutes 
of contact time, demonstrating the least toxicity of all anti-
septics studied (Landa-Solis et al. 2005; Hedlund 2007). 
Furthermore, polyhexanid solutions were found to have 
antiseptic activity comparable to chlorhexidine and povi-
done-iodine (Hendrickson 2005; Fossum et al. 2007). 
Most intriguing is the fact that no bacterial resistance has 

been demonstrated with polyhexanid solutions despite 
being in use for over 60 years. Reactions to this irrigant 
are also extremely rare (Butcher 2012).

Povidone-iodine, 0.02% (e.g., Betadine® Purdue 
Fredrick Company, Norwalk, CT) 

Povidone-iodine is an irrigant over which there is con-
siderable debate. Recent studies imply that whilst it does 
have good antiseptic activity, it may also harm tissues and 
delay wound healing. Three recent studies proved that 
when used at standard bactericidal concentrations, povi-
done-iodine reduced fibroblast migration and prolifera-
tion and was toxic to both fibroblasts and keratinocytes 
(Landa-Solis et al. 2005; Svoboda et al. 2008; Sauer et al. 
2009). Piaggesi et al. (2010) looked at the healing times 
of diabetic foot ulcers, which are excellent examples of 
chronic, difficult to heal wounds. One group was treated 
with povidone-iodine and another was treated with an 
SOS. Povidone-iodine-treated wounds had a healing time 
of 1.5 times longer than wounds treated with the SOS 
(Lozier et al. 1992).

Unless solid research can refute povidone-iodine’s 
apparent tissue toxicities, it should be reserved for use in 
infected wounds unresponsive to other treatments and 
intact tissues, such as the skin around wounds.

Super-oxide solutions (e.g., Microcyn™ Sonoma 
Pharmaceuticals, Petaluma, CA and Veteracyn™ 
Inovacyn Inc., Rialto, CA)

SOSs were initially acidic solutions developed for the 
disinfection of surfaces. They work by inciting oxida-
tive damage (Tanaka et al. 1996). Their activity includes 
many gram-positive and gram-negative bacteria, fungi, 
and several spores and viruses. SOSs demonstrated faster 
bactericidal effects than chlorhexidine, working effec-
tively within 30 seconds of contact (Rodeheaver et al. 
1975; Horrocks 2006).

Because acidic solutions can damage tissues, a new 
generation of neutral-pH SOSs was developed for use in 
wounds. One paper reports that SOSs left at least 75% 
of animal cells viable after prolonged contact (Davidson 
2015). In addition to causing cell death, it was feared that 
SOSs could have the potential to damage DNA and RNA 
and accelerate cell aging. González-Espinosa et al. found 
that this is not to be true in vitro (Davidson 2015).

A very persuasive study of diabetic wounds healing by 
secondary intention found that those irrigated with an 
SOS had three-quarters the healing time of those irrigated 
with povidone-iodine (Piaggesi et al. 2010). These in vivo 
data combined with the fast activity of SOSs suggest that 
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they could be useful for the irrigation of both acute con-
taminated wounds and chronic infected wounds.

Non-antiseptics

Isotonic solutions (e.g., Saline [0.9% NaCl], LRS, 
Normosol-R [Hospira, Inc, Lake Forest, IL], Plasma-
Lyte [Baxter Healthcare Corporation, Deerfield, IL])

These fluids are specifically formulated to rehydrate 
patients via intravenous and subcutaneous administration. 
They contain a balance of electrolytes similar to that within 
cells; saline has a mildly acidic pH when compared to cells.

When compared to antiseptics used for irrigation, 
saline showed the least toxicity to fibroblasts, keratino-
cytes and growing blood vessels (Landa-Solis et al. 2005; 
Singer et al. 1994). Additionally, Sauer et al. (2009) noted 
a decreased “rebound effect” with saline. Immediately 
following irrigation, it did not decrease bacterial levels 
quite as much as the antiseptics used. However, the bac-
terial load several hours after the treatment was lower 
in those flushed with saline than any flushed with the 
antiseptics. It was hypothesized that this is due to the tis-
sue damage caused by the antiseptics (Marquardt et al. 
2010). Other papers reported it to be one of the only irri-
gants that did not damage small blood vessels (Anglen 
2001; Landa-Solis et al. 2005). Isotonic solutions may be 
one of the safest irrigants for fresh wounds and wounds 
that have excessive contamination.

Water

Because of its easy access, water has long been used as an 
irrigant. A few studies have shown that it can decrease 
the bacterial load of wounds; this is most likely due to the 
physical action of irrigating (Moscati et al. 1998; Moscati 
et al. 2007). As innocuous as it seems, water is hypotonic 
and can cause host-cell swelling because it does not con-
tain the electrolyte balance of tissue. Since it is desirable 
to irrigate wounds whenever possible, water may be an 
acceptable irrigant when others are not available or as an 
initial solution to remove gross contamination. Tap water 
is preferred over distilled water as it is less hypotonic.

Irrigation technique

All trauma-related wounds are categorized as contam-
inated and require appropriate irrigation (Rodeheaver 
et al. 1975). There is no agreement in the literature on 
the exact irrigation pressure to use in different situations; 
however, most studies favour low-pressure irrigation 

between 5 and 15 pounds per square inch (psi; Fry 
2017). High-pressure irrigation, defined as 15–70 psi, 
may damage host cells (both soft tissue and bone) and 
drive bacteria and debris deep within the wound, which 
can impede healing (Rodeheaver et al. 1975; Hedlund 
2007). A common technique utilizes a 35 ml syringe and 
an 18-gauge needle to generate 7–8 psi. Lower-pressure 
irrigation can also be created by dripping sterile solution 
through a drip set from a spiked bag or pouring sterile 
fluid directly from a bottle onto the wound (Davidson 
2015). Free drip methods of irrigation like these gener-
ally produce less than 4 psi and may be insufficient to 
remove surface pathogens and debris (Luedtke-Hoffmann 
& Schafer 2000). The volume of solution used to irrigate a 
wound is also important. In human medicine, 50–100 mls 
of irrigant is recommended per centimetre of laceration 
length, but this volume is influenced by the location of 
the wound and degree of contamination (Chisholm et al. 
1992; Lammers et al. 2003). There are multiple types of 
equipment used for irrigating wounds, most of which are 
uncommon in veterinary and wildlife rehabilitation set-
tings. The most commonly used equipment in our field 
are pour bottles, bulb syringes and piston syringes with 
an attached needle. The first two options are acceptable 
for removing loose debris and surface pathogens, but as 
mentioned, they generally have insufficient pressure for 
adequate wound cleaning. Piston syringes are effective at 
cleaning traumatic sounds, but they need to be refilled 
frequently (unless attached to a solution bag and hoses) 
and they are more time consuming to use (Luedtke-
Hoffmann & Schafer 2000). Another complication with 
the syringe and needle combination is the risk of acciden-
tally jabbing the patient with the needle. For this reason, 
a similar gauge intravenous catheter is often used to avoid 
this hazard.

To start irrigation, hold the syringe just above the top 
edge of the wound and gently start a continuous stream 
with enough force to remove visible debris but not so much 
as to cause splash-back. Start by irrigating the cleanest por-
tions of the wound and finish with the dirtiest sections 
make sure not to recontaminate areas that have already 
been flushed. Do not force the solution into unexposed 
pockets as this may force debris deeper into the tissue and 
increase the risk of infection. Irrigation is complete when 
the appropriate amount of solution has been administered 
or until the solution running off the wound flows clear. 
Continue bandaging as appropriate for the situation. 

Irrigation technique and product selection are the 
only two components of appropriate wound manage-
ment. Whilst this article summarizes appropriate and 
inappropriate irrigant choices, it is only one part of 
effective wound treatment which includes the following 
(Davidson 2015):
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• Providing emergency and supportive care to stabilize 
the patient

• Providing appropriate analgesia
• Administering antimicrobial medications when neces-

sary and ideally based on culture and sensitivity results
• Clipping fur or plucking feathers surrounding the 

wound
• Irrigating the wound with appropriate solution using 

an appropriate technique (to be discussed further)
• Debriding necrotic tissue (specific dressing is designed 

to facilitate this, in addition to surgical debridement 
under general anaesthesia)

• Covering the wound with appropriate bandaging 
material for the species

• Monitoring wound healing and adjusting dressing 
types as needed depending on progress

Conclusion

Until further studies directly compare antiseptic and 
non-antiseptic irrigants in vivo in wounds, one is left 
piecing together bits of research to make the best decision 
for each individual animal. Normal saline seems to be 
the safest choice for trauma wounds at the present time. 
No matter the irrigant selected, it should only be accom-
panied by complete wound management.

Disclosure statement 

The authors report no conflict of interest.

Funding 

Funding for this paper was provided by the Wildlife 
Center of Virginia.

References

Anglen J. 2001. Wound irrigation in musculoskeletal injury. 
Journal of the American Academy of Orthopaedic Surgeons 9, 
219–226. doi: 10.5435/00124635-200107000-00001.

Atiyeh B., Dibo S.A. & Hayek S.N. 2009. Wound cleansing, 
topical antiseptics and wound healing. International Wound 
Journal 6, 420–430. doi: 10.1111/j.1742-481X.2009.00639.x.

Busse B. 2016. Introduction to wound healing. In B. Busse 
(ed.): Wound management in urgent care. Pp. 1–5. New York, 
NY: Springer.

Butcher M. 2012. PHMB: an effective antimicrobial in wound 
bioburden management. British Journal of Nursing 21(12), 
S16, S18–S21. doi: 10.12968/bjon.2012.21.Sup12.S16.

Chatterjee J.S. 2015. A critical review of irrigation tech-
niques in acute wounds. International Wound Journal 2(3), 
258–265. doi: 10.1111/j.1742-4801.2005.00123.x.

Chisholm C.D., Cordell W.H., Rogers K. & Woods J.R. 1992. 
Comparison of a new pressurized saline canister versus 
syringe irrigation for laceration cleansing in the emer-
gency department. Annals of Emergency Medicine 21(11), 
1364–1367. doi: 10.1016/S0196-0644(05)81903-1.

Davidson J.R. 2015. Current concepts in wound man-
agement and wound healing products. Veterinary Clinics 
of North America: Small Animal Practice 45(3), 537–564. 
doi: 10.1016/j.cvsm.2015.01.009.

Fossum T.W., Hedlund C.S., Johnson A.L., Schultz K.S., Seim 
H.B., Willard M.D., Bahr A. & Carroll G.L. 2007. Surgery of 
the integumentary system—wound management. In T.W. 
Fossum (ed.): Small animal surgery 3rd edition. Pp. 159–175. 
St. Louis, MO: Mosby Inc.

Fry D.E. 2017. Pressure irrigation of surgical incisions and 
traumatic wounds. Surgical Infections 18(4), 424–430. 
doi: 10.1089/sur.2016.252.

Gabriel A. 2015. Wound irrigation. Accessed on the internet at 
https://emedicine.medscape.com/article/1895071-over-
view on December 2017 on 6 December 2017

González-Espinosa D., Pérez-Romano L., Guzmán-Soriano 
B., Arias E., Bongiovanni C.M. & Gutiérrez A.A. 2007. 
Effects of pH-neutral oxidized solution on human dermal 
fibroblasts in vitro. International Wound Journal 4, 241–250. 
doi: 10.1111/j.1742-481X.2007.00331.x.

Hedlund C. 2007. Surgery of the integumentary system. 
In T.W. Fossum (ed.): Small animal surgery 3rd edition. 
Pp. 159–259. St. Louis, MO: Mosby Elsevier. 

Hendrickson D. 2005. Wound care management for the equine prac-
titioner. Jackson, WY: Teton NewMedia Innovative Printing. 

Hirsch T., Koerber A., Jacobsen F., Dissemond J., Steinau 
H.U., Gatermann S., Al-Benna S., Kesting M., Seipp 
H.M. & Steinstraesser L. 2009. Evaluation of toxic side 
effects of clinically used skin antiseptics in vitro. Journal 
of Surgical Research 164(2), 344–350. doi: 10.1016/j.
jss.2009. 04.029.

Horrocks A. 2006. Prontosan wound irrigation and gel: 
management of chronic wounds. British Journal of Nursing 
15(22), 1224–1228. doi: 10.12968/bjon.2006.15.22.22559.

Kalteis T., Lüring C., Schaumburgur J., Perlick L., Bäthis 
H. & Grifka J. 2003. Tissue toxicity of antiseptics. 
Zeitschrift für Orthopadie und ihre Grenzgbiete 141, 233–238. 
doi: 10.1055/s-2003-38654.

Koburger T., Hübner N.O., Braun M., Siebert J. & Kramer A. 
2010. Standardized comparison of antiseptic efficacy of tri-
closan, PVP-iodine, octenidine dihydrochloride, polyhexa-
nide and chlorhexidine digluconate. Journal of Antimicrobial 
Chemotherapy 65, 1712–1719. doi: 10.1093/jac/dkq212.

Lammers R.L., Hudson D.L. & Seaman M.E. 2003. Prediction 
or traumatic wound infection with a neural network-de-
rived decision model. American Journal of Emergency 
Medicine 21(1), 1–7. doi: 10.1053/ajem.2003.50026.

Landa-Solis C., González-Espinosa D., Guzmán-Soriano B., 
Snyder M., Reyes-Terán G., Torres K. & Gutierrez A.A. 
2005. Microcyn: a novel super-oxidized water with neu-
tral pH and disinfectant activity. Journal of Hospital Infection 
61, 291–299. doi: 10.1016/j.jhin.2005.04.021.

Lozier S., Pope E. & Berg J. 1992. Effects of four preparations 
of 0.05% chlorhexidine diacetate on wound healing in 

http://dx.doi.org/10.10.53607/wrb.v37.127
http://dx.doi.org/10.5435/00124635-200107000-00001
http://dx.doi.org/10.1111/j.1742-481X.2009.00639.x
http://dx.doi.org/10.12968/bjon.2012.21.Sup12.S16
http://dx.doi.org/10.1111/j.1742-4801.2005.00123.x
http://dx.doi.org/10.1016/S0196-0644(05)81903-1
http://dx.doi.org/10.1016/j.cvsm.2015.01.009
http://dx.doi.org/10.1089/sur.2016.252
https://emedicine.medscape.com/article/1895071-overview
https://emedicine.medscape.com/article/1895071-overview
http://dx.doi.org/10.1111/j.1742-481X.2007.00331.x
http://dx.doi.org/10.1016/j.jss.2009.04.029
http://dx.doi.org/10.1016/j.jss.2009.04.029
http://dx.doi.org/10.12968/bjon.2006.15.22.22559
http://dx.doi.org/10.1055/s-2003-38654
http://dx.doi.org/10.1093/jac/dkq212
http://dx.doi.org/10.1053/ajem.2003.50026
http://dx.doi.org/10.1016/j.jhin.2005.04.021


Citation: Wildlife Rehabilitation Bulletin 2021, 37(1), 16–21, http://dx.doi.org/10.10.53607/wrb.v37.127 21

K. Atkinson & D. McRuer Irrigant selection for treating trauma wounds

dogs. Veterinary Surgery 21, 107–112. doi: 10.1111/j.1532-
950X.1992.tb00025.x.

Luedtke-Hoffmann K.A. & Schafer D.S. 2000. Pulsed lavage 
in wound cleansing. Physical Therapy 80(3), 292–300. 
doi: 10.1093/ptj/80.3.292.

Madhusudhan V.L. 2016. Efficacy of 1% acetic acid in the 
treatment of chronic wounds infected with Pseudomonas 
aeruginosa: prospective randomised controlled clini-
cal trial. International Wound Journal 13(6), 1129–1136. 
doi: 10.1111/iwj.12428.

Main R.C. 2008. Should chlorhexidine gluconate be used 
in wound cleansing? Journal of Wound Care 17, 112–114. 
doi: 10.12968/jowc.2008.17.3.28668.

Marquardt C., Matuschek C., Bölke E., Gerber P.A., Peiper 
M., Seydlitz-Kurzbach J., Buhren B.A., van Griensven M., 
Budach W., Hassan M., Kukova G., Mota R., Höfer D., Orth 
K. & Fleischmann W. 2010. Evaluation of the tissue toxicity 
of antiseptics by the Hen’s Egg Test on the Chorioallantoic 
Membrane (HETCAM). European Journal of Medical Research 
15, 204–209. doi: 10.1186/2047-783X-15-5-204.

Moscati R.M., Mayrose J., Reardon R.F., Janicke D.M. & Jehle 
D.V. 2007. A multicenter comparison of tap water versus 
sterile saline for wound irrigation. Academic Emergency 
Medicine 14(5), 404–409. doi: 10.1197/j.aem.2007.01.007.

Moscati R.M., Reardon R.F., Lerner E.B. & Mayrose 
J. 1998. Wound irrigation with tap water. Academic 
Emergency Medicine 5(11), 1076–1080. doi: 10.1111/j.1553-
2712.1998.tb02665.x.

Penn-Barwell J.G., Murray C.K. & Wenke J.C. 2012. 
Comparison of the antimicrobial effect of chlorhexi-
dine and saline for irrigating a contaminated open frac-
ture model. Journal of Orthopedic Trauma 26(12), 728–732. 
doi: 10.1097/BOT.0b013e31826c19c4.

Piaggesi A., Goretti C., Mazzurco S., Tascini C., Leonildi A., 
Rizzo L., Tedeschi A., Gemignani G., Menichetti F. & Del 

Prato S. 2010. A randomized controlled trial to examine 
the efficacy and safety of a new super-oxidized solution 
for the management of wide postsurgical lesions of the 
diabetic foot. The International Journal of Lower Extremity 
Wounds 9, 10–15. doi: 10.1177/1534734610361945.

Rodeheaver G., Pettry D., Thacker J.G., Edgerton M.T. & 
Edlich R.F. 1975. Wound cleansing by high pressure irriga-
tion. Surgery, Gynecology and Obstetrics 141(3), 357–362.

Rosdahl C.B. & Kowalski M.T. 2008. Nursing procedure 58–2. 
Performing a sterile wound irrigation. In Textbook of basic 
nursing, 9th edition. Pp. 769. Philadelphia, PA: Lippincott, 
Williams and Wilkins.

Ryssel H., Kloeters O., Germann G., Schäfer T., Wiedemann 
G. & Oehlbauer M. 2009. The antimicrobial effect of acetic 
acid—an alternative to common local antiseptics? Burns 
35, 695–700. doi: 10.1016/j.burns.2008.11.009.

Sauer K., Thatcher E., Northey R. & Gutierrez A.A. 
2009. Neutral super-oxidized solutions are effective 
in killing P. aeruginosa biofilms. Biofouling 25, 45–54. 
doi: 10.1080/08927010802441412.

Singer A.J., Hollander J.E., Subramanian S., Malhotra A.K. 
& Villez P.A. 1994. Pressure dynamics of various irrigation 
techniques commonly used in the emergency department. 
Annals of Emergency Medicine 24(1), 36–40. doi: 10.1016/
S0196-0644(94)70159-8.

Svoboda S., Owens B.D., Gooden H.A., Melvin M.L., Baer 
D.G. & Wenke J.C. 2008. Irrigation with potable water ver-
sus normal saline in contaminated musculoskeletal wound 
model. The Journal of Trauma, Injury, Infection, and Critical 
Care 64, 1357–1359. doi: 10.1097/TA.0b013e31816e3476.

Tanaka H., Hirakata Y., Kaku M., Yoshida R., Takemura H., 
Mizukane R., Ishida K., Tomono K., Koga H., Kohno S. & 
Kamihira S. 1996. Antimicrobial activity of superoxidized 
water. Journal of Hospital Infection 34, 43–49. doi: 10.1016/
S0195-6701(96)90124-3.

http://dx.doi.org/10.10.53607/wrb.v37.127
http://dx.doi.org/10.1111/j.1532-950X.1992.tb00025.x
http://dx.doi.org/10.1111/j.1532-950X.1992.tb00025.x
http://dx.doi.org/10.1093/ptj/80.3.292
http://dx.doi.org/10.1111/iwj.12428
http://dx.doi.org/10.12968/jowc.2008.17.3.28668
http://dx.doi.org/10.1186/2047-783X-15-5-204
http://dx.doi.org/10.1197/j.aem.2007.01.007
http://dx.doi.org/10.1111/j.1553-2712.1998.tb02665.x
http://dx.doi.org/10.1111/j.1553-2712.1998.tb02665.x
http://dx.doi.org/10.1097/BOT.0b013e31826c19c4
http://dx.doi.org/10.1177/1534734610361945
http://dx.doi.org/10.1016/j.burns.2008.11.009
http://dx.doi.org/10.1080/08927010802441412
http://dx.doi.org/10.1016/S0196-0644(94)70159-8
http://dx.doi.org/10.1016/S0196-0644(94)70159-8
http://dx.doi.org/10.1097/TA.0b013e31816e3476
http://dx.doi.org/10.1016/S0195-6701(96)90124-3
http://dx.doi.org/10.1016/S0195-6701(96)90124-3

