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ABSTRACT 
 

Objectives: The aim of this study is to review the available literature addressing the safety and 
efficacy of antiseptics in surgical wounds. The different antiseptic solutions, irrigation volumes, time 
scales and delivery methods have been compared so that evidence-based recommendations on 
antiseptic use in orthopaedic, foot and ankle surgical procedures can be proposed. 
Methods: A literature search was performed using the online databases Medline and EMBase to 
identify in-vitro and in-vivo studies pertaining to antiseptic use in an orthopaedic context. Terms 
including antiseptic, irrigation fluid, bacitracin, hydrogen peroxide, povidone-iodine and 
chlorhexidine were searched. Literature published in English from inception to July 2020 in which 
the full text was accessible was considered for inclusion. Cellular and animal studies were included 
on the basis that authors analysed antiseptic efficacy and/or toxic effect of antiseptic on cells 
present in orthopaedic wounds. Clinical studies that met the criteria for inclusion in this review 
assessed antiseptic use in a surgical context, with a focus on foot and ankle procedures.         
These included case reports, case series, case control, prospective and retrospective studies as 
well as randomised controlled trials. Studies were categorised as in-vitro, animal and human 
studies. Twenty-three, eleven and forty-four studies were identified as in-vitro, animal and     
human studies respectively. These have been summarised and presented herein in a narrative 
format. 
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Results: There is strong evidence that skin preparation with antiseptics before orthopaedic 
procedures reduces the risk of post-operative infection.  
Conclusion: Routine prophylactic intra-operative antiseptic use should be performed with caution 
as they increase the risk of local and systemic complications. However, there is strong evidence 
supporting the use of antiseptics pre-operatively when preparing the skin. Determining the best 
antiseptic preparation remains a matter of debate since a single agent or solution is not effective 
against all organisms. Further research is therefore needed to assess the efficacy of antiseptics in 
prevention and treatment of infections. 
 

 
Keywords: Antiseptic; orthopaedic wounds; prevention; treatment. 
 

1. INTRODUCTION 
 
Deep wound infections are a devastating 
complication of orthopaedic surgery, particularly 
in the presence of implants. The bacterial load 
required to cause clinical infection is markedly 
reduced in complex orthopaedic wounds [1]. 
Two-thirds of such infections are mono-   
microbial, the most commonly isolated bacteria 
being Staphylococcus aureus and 
Staphylococcus epidermidis [2]. Such bacteria 
are able to colonise the surface of implanted 
materials by molecular mechanisms of 
adherence. Microbes then form biofilms        
which constitute a multi-layered defense 
mechanism innately resistant to antimicrobial 
penetration. Prosthetic joint infections are thus 
notoriously difficult to treat, requiring prolonged 
courses of systemic antibiotics and implant 
exchange.  
 
The focus of management should therefore       
be primary prevention. Peri-operative     
antibiotics and topical antimicrobial agents are 
standard practice. Wound debridement            
and irrigation also have major roles in 
prophylaxis and management of infections. 
However, the incidence of complex wound 
infections remains unacceptably high. The 
problem is compounded further by         
continuing emergence of multiply resistant 
bacteria. The challenge therefore remains to      
find an antiseptic able to eliminate             
targeted pathogens while being safe for the 
patient.  
 
This study aims to review available           
literature addressing the safety and            
efficacy of antiseptics in surgical wounds.        
The different antiseptic solutions, time          
scales and delivery methods have been 
compared so that evidence-based 
recommendations on antiseptic use in 
orthopaedic, foot and ankle surgical procedures 
can be proposed. 

2. In-vitro STUDIES 
 

2.1 Efficacy and Use of Antiseptics 
 
The efficacy of an irrigation solution relies on 
solution composition and delivery. To be useful in 
orthopaedic practice, antiseptics must eradicate 
commonly encountered pathogens and act on 
both tissues and orthopaedic metalwork. Gainor 
et al. [3] showed that benzalkonium chloride is 
more effective than saline to disinfect bovine 
muscle contaminated with Staphylococcus 
aureus (S. aureus), Staphylococcus epidermis 
(S. epidermis) or Pseudomonas aeruginosa (P. 
aeruginosa). Moussa et al. [4]

 
colonised stainless 

-steel screws with a preformed biofilm of these 
bacteria then immersed them in benzalkonium 
chloride solution, confirming its efficacy when 
used to disinfect orthopaedic hardware. Presterl 
et al. [5] used biofilms of S. epidermidis isolated 
from patients with catheter-related bacteraemia 
and cardiac implant infections, showing that 
hydrogen peroxide 3% and 5% and N-propanol 
significantly reduced biofilm thickness, while 
povidone-iodine proved less effective. 
 

Anglen et al. [6] compared various solutions and 
delivery methods using S. aureus-coated 
stainless-steel screws. Irrigation with saline, 
liquid soap or antibiotics (bacitracin, neomycin 
and polymyxin/neomycin) had the greatest effect 
on S. aureus when using liquid soap. Washout 
by bulb syringe or jet lavage highlighted the 
importance of administration technique used; 
bacterial removal increased by over 100-fold with 
jet lavage, regardless of the solution used. A 
follow-up study [7] revealed bacterial elimination 
depends on the interplay between the irrigation 
solution, species present, and surface involved. 
Three surface types (cortical bone, stainless-
steel and titanium) coated with S. aureus, S. 
epidermis or P. aeruginosa were irrigated with 
normal saline, soap solution, bacitracin or 
neomycin. Jet lavage using all solutions resulted 
in considerably fewer bacteria compared to an 
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unwashed control group. Soap solution proved 
superior at removing all bacteria from all three 
surfaces. Authors therefore concluded that when 
removing some species from metallic surfaces, 
soap solution may serve as a better irrigation 
additive, especially with jet lavage delivery.  
 

The efficacy of soap solutions is concentration 
and time-dependent; Krueger et al. [8] 
contaminated porcine bone segments with S. 
aureus. Soaking in normal saline, 2% 
chlorhexidine, or 4% chlorhexidine then re-
imaging after 5, 10, 20, 30, and 60-minute 
intervals showed significantly fewer bacteria at all 
time intervals in the chlorhexidine groups 
compared with the saline group, but no 
significant difference between chlorhexidine 
groups. Given the potential cytotoxicity of 
chlorhexidine, the authors recommended soaking 
contaminated bone segments with 2% 
chlorhexidine for 20 minutes. 
 

2.2 Cytotoxic Effects of Antiseptics 
 

The clinical suitability of antiseptics in irrigation 
fluids depends on their ability to remove 
pathogens from orthopaedic wounds and 
prostheses without damaging the osteoblasts, 
chondrocytes, fibroblasts, keratinocytes and 
lymphocytes.  In-vitro studies have enabled 
careful evaluation of the varying degrees of 
cytotoxicity associated with these cell-types.  
 
Table 1 summarises these adverse effects 
associated with different antiseptics 
 

2.3 Antiseptics and MRSA 
 

Multi-drug-resistant infections pose an even 
bigger challenge for eliminating pathogens while 
avoiding adverse effects.  Methicillin-resistant 
Staphylococcus aureus (MRSA) is increasingly 
responsible for intra-operative infection and 
subsequent morbidity [22]. While vancomycin is 
the antibiotic of choice for MRSA infections, 
multidrug-resistant strains with moderate 
vancomycin resistance have been isolated [23]. 
This resistance increases post-operative 
complication rates and is further compounded by 
MRSA’s tendency to form biofilms. Various 
studies have looked specifically at reducing the 
operative risk of MRSA by evaluating the efficacy 
of irrigation solutions and debridement 
techniques. Haley et al. [24] found Povidone-
iodine to be the most rapidly effective antiseptic 
against both MRSA and MSSA, maximal 
effectiveness being evident at 1:100 dilutions, 
which killed all strains within 15 seconds. The 

other three antiseptic solutions (chlorhexidine 
gluconate-alcohol (4%), p-chloro-m-xylenol (1%), 
and hexachlorophene (3%)) tested produced 2-
log reductions in the MRSA CFU count after 15 
seconds of exposure but failed to kill all MRSA, 
even after 240 seconds of exposure.  
 

More recent studies however, support 
chlorhexidine as the most effective irrigation 
solution for eradicating MRSA infection. 
Schwechter et al. [25] evaluated the efficacy of a 
number of in vitro irrigation and debridement 
techniques for treating MRSA peri-prosthetic joint 
infection, using MRSA biofilm-coated titanium 
alloy discs as model. Irrigation and scrubbing 
were not shown to be more effective than 
irrigation alone. Both chlorhexidine and 
povidone-iodine scrubs reduced MRSA CFU 
counts pre-incubation, however, chlorhexidine 
was found to be the most bactericidal while the 
results for povidone-iodine were not statistically 
significant. The study therefore concluded that 
chlorhexidine solutions have the greatest 
potential to decrease biofilm load on orthopaedic 
implants. Determining the minimum 
concentration of chlorhexidine required to 
eradicate MRSA is important to reduce the risk of 
antiseptic-induced cytotoxicity. This was 
evaluated in an in vitro study by Smith et al. [26] 
where a series of MRSA biofilm-coated titanium 
discs were irrigated with varying concentrations 
of chlorhexidine. MRSA CFUs were counted 
before and after a 24-hour re-incubation period. 
The study showed a   significant reduction in 
CFUs at all irrigation concentrations before re-
incubation. However, post re-incubation counts 
only demonstrated a significant decrease with 
4% and 2% chlorhexidine solutions, indicating 
that 2% was the minimum effective chlorhexidine 
concentration.  
 

In-vitro studies have generated variable and at 
times conflicting, data for the different irrigation 
solutions. Many of the in-vitro studies discussed 
in this review address either the efficacy of the 
antiseptic or its potential cytotoxicity which would 
limit its overall clinical applicability. For example, 
the efficacy of chlorhexidine against MRSA has 
been demonstrated in a number of studies 
[25,26] but other studies have demonstrated 
potential cytotoxicity to osteoblasts, fibroblasts, 
stromal cells and keratinocytes which would 
discourage its use in clinical practice. In-vitro 
studies are limited in that they do not assess the 
antiseptic in the presence of all cells, chemicals, 
mediators and other factors that would be 
present in a living animal or human and which 
may have a role in the post-operative healing 
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process, immune response to an invading 
organism, and reaction to the antiseptic itself. In-
vivo studies are therefore essential to clarify the 
optimal choice and use of irrigation solutions.  
 

3. ANIMAL STUDIES 
 

In the living organism, factors in addition to those 
monitored through in-vitro studies determine the 
effect of the irrigating solution. The components 
of the irrigating solution or the physical forces 
from pressure lavage may delay wound healing 
or facilitate wound colonisation by bacteria that 
may be present. Tissues in contact with the 
solution may mount an inflammatory response 
that could lead to complications, including joint 
fibrosis and prosthesis failure. Absorption of 
lavage fluid components may also lead to 
systemic side-effects. In vivo studies are 
therefore important to give a clearer 
demonstration of how an irrigating solution will 
perform in clinical practice. 
 

Conroy et al. [27] designed an animal study 
using rat models, to test the efficacy of a number 
of wound irrigation solutions which included 
normal saline, castile soap, benzalkonium 
chloride and bacitracin. The effectiveness of 
sequential irrigation with 1L each of 
benzalkonium, castile soap and normal saline 
was also tested. Orthopaedic wounds 
contaminated with S. aureus or P. aeruginosa 
were washed with 3L of the specified solution 
and inspected daily for 14 days. Benzalkonium 
irrigation alone significantly lowered the rate of S. 
aureus positive wound cultures compared with 
normal saline but increased the rate of P. 
aeruginosa positive wound cultures. In contrast, 
irrigation with either castile soap alone or 
sequential irrigation with benzalkonium/castile 
soap/saline reduced the rate of P. aeruginosa 
cultures compared to irrigation with normal saline 
alone. The authors proposed that benzalkonium 
may cause lysis of gram-negative cells leading to 
release of endotoxin and producing an 
inflammatory response. They therefore 
suggested that in wounds containing P. 
aeruginosa, benzalkonium can only be used 
safely if combined in a sequential irrigation with 
castile soap and normal saline.  
 

The effectiveness of a sequential surfactant 
irrigation protocol in overcoming bacterial 
adhesion in contaminated orthopaedic implants 
was explored further in a randomised animal 
study carried out by Marberry et al. [2]. This 
study suggested that the sequential surfactant 
irrigation protocol is an effective method of 

wound irrigation in orthopaedic implants 
contaminated with S. aureus alone, while in 
mono-microbial S. epidermidis infections normal 
saline irrigation alone may suffice.  
 
Irrigation devices are also applied in the 
treatment of open wounds, however there is 
currently no clear consensus for its use. Owens 
et al. [28] compared the results of normal saline 
versus multiple other irrigation solutions using 
either a bulb syringe or pulsatile lavage. They 
found that both irrigation devices reduced 
bacterial counts but these had rebounded to 
almost pre-treatment levels in the pulsed lavage 
group while the bulb syringe group showed a 
significantly lower rebound. They also found that 
all irrigation solutions initially lowered bacterial 
counts, however, 48 hours after irrigation, all 
groups showed a rebound in bacterial counts. 
This rebound was the lowest with normal saline 
while the other solutions showed rebounds 
approaching or even surpassing pre-treatment 
levels. These findings suggested that although 
solutions other than normal saline may be better 
at initial bacterial removal, these solutions may 
have deleterious effects to the host tissue and 
these effects may be compounded by use of 
high-pressure devices used for their delivery. 
The authors therefore recommended saline 
solution delivered by a low-pressure device to 
irrigate wounds in order to reduce the risk of 
complications.  

 
Povidone-iodine (Betadine) lavage is used 
prophylactically in various surgical sub-
specialties and its efficacy in preventing surgical 
site infection is well established. There have, 
however, been concerns about its effect on 
fibroblasts and its potential to damage intra-
capsular tissues. Baird et al. [29] found 0.1% 
povidone-iodine lavage to be safe to use on 
equine tendon, as it caused only a mild synovitis 
similar to that caused by balanced electrolyte 
solution. However, 0.5% povidone iodine and 
0.5% chlorhexidine caused severe synovitis and 
therefore should not be used for tendon sheath 
lavage. Moreover, chlorhexidine causes greater 
detriment to joints, as concentrations of just 
0.05% have been shown to cause intense 
synovitis. Keudell et al. [30] evaluated the 
potential chondrotoxicity of various povidone-
iodine concentrations and exposure times in a 
cadaveric animal model. The higher 
concentrations all showed greater 
chondrotoxicity with increased exposure times, 
therefore this should be considered in articular 
cartilage-retaining procedures, such as 
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unicompartmental knee arthroplasty, and opting 
to use saline may be prudent, as reduced 
chondrocyte viability can contribute to early 
development of osteoarthrosis and osteoarthritis 
in the residual cartilage, leading to early failure of 
partial knee arthroplasty. This would not, 
however, be a problem in total joint arthroplasties 
where articular cartilage is not retained.  
 
Acute post-operative arthroplasty infection was 
evaluated in a rabbit prosthetic knee infection 
model [31]. Metalwork inoculated with S. aureus 
was inserted into the knee joints for a total of 
seven days, following which a polyethylene 
washer exchange was performed and irrigation 
with either dilute 3.5% povidone-iodine solution 
or normal saline. Culture of the harvested screw, 
polyethylene washer, bone and joint tissue with 
bacterial quantification showed a significant 
reduction in bacterial burden on both the screw 
and polyethylene washer that had received 
povidone-iodine lavage, although there was no 
difference in soft-tissue growth. The study thus 
showed that povidone-iodine lavage may be a 
useful treatment adjunct in acute post-operative 
arthroplasty infection, and it may improve the 
rate of component retention.  
 
Chlorhexidine gluconate 0.05% peritoneal lavage 
has been shown to be effective in reducing the 
rate of abscess formation following peritoneal 
contamination [32]. However, its suitability and 
ideal concentration for use in joint lavage 
remains in dispute. Sanchez et al showed that 
bactericidal concentrations of chlorhexidine 
diacetate are lethal to canine embryonic 
fibroblasts In-vitro [18]. However, a subsequent 
study by the same team showed that irrigation 
with chlorhexidine diacetate 0.05% or 0.005% 
provided bactericidal activity and improved 
wound healing compared to irrigation with saline 
alone, indicating that chlorhexidine diacetate 
concentrations that are cytotoxic to cultured 
fibroblasts in-vitro do not interfere with wound 
healing In-vivo.  
 
Contrastingly, in a study on open fractures, 
Barwell et al found that both chlorhexidine and 
saline reduced bacterial loads equally [33]. 
However, they concluded that although 
chlorhexidine has an initial bactericidal benefit, 
the necrotic tissue caused by chlorhexidine 
exposure may promote a “rebound” of bacterial 
growth in the wound bed. They therefore 
suggested that saline remains the best choice for 
orthopaedic wound irrigation, however if 
chlorhexidine is preferred, a concentration of 

0.05% should be used and the wound should 
undergo a final saline rinse to remove any 
residue before closure. The authors also urged 
particular caution with chlorhexidine lavage in 
wounds containing large amounts of tissue of 
borderline viability as such wounds may be more 
susceptible to the toxic effects of chlorhexidine.  
 
The potential role of the antibacterial allicin in 
preventing biofilm formation in joint infection was 
investigated in a rabbit prosthetic joint infection 
model by Zhai et al. [34]. Biofilm counts of S. 
epidermidis were found to be lowest in rabbits 
treated with allicin plus vancomycin. The authors 
therefore concluded that allicin/vancomycin 
combination may have a role in treatment of 
prosthetic joint infections as allicin appears to 
inhibit biofilm formation and it can have a 
synergistic bactericidal effect when combined 
with vancomycin.  
 
The use of different irrigation solutions in 
preparing bony surfaces before cementing of 
total joint replacement components was 
evaluated by Howells et al. [35]. Cement fixation 
following hydrogen peroxide irrigation was found 
to be statistically better than that achieved with 
either povidone iodine or saline.  Clinically, dilute 
povidone-iodine lavage is generally performed 
following implant insertion and it therefore should 
not affect the bone-cement interface. However, if 
performing single-stage revision, the potential 
benefit of hydrogen peroxide should be 
considered. 
 

4. HUMAN STUDIES 
 
A number of human studies have evaluated the 
optimal irrigation fluid composition and volume to 
prevent or control of the musculoskeletal 
infection. Though the use of lavage fluid in 
arthroplasty has been studied extensively, a gold 
standard of care has yet to be determined. 
Studies have shown that pre-operative skin 
preparation with chlorhexidine reduces the 
incidence of periprosthetic joint infections but its 
superiority over other agents such as povidone-
iodine in periprosthetic joint infection is 
inconclusive [36]. The National Institute for 
Health and Care Excellence (NICE, 2019) 
authorise the pre-operative preparation of skin 
using chlorhexidine (0.5% chlorhexidine in 70% 
alcohol solution prior to minor surgical 
procedures and 2.0% chlorhexidine in 70% 
alcohol applicators prior to invasive medical 
procedures), or povidone-iodine if chlorhexidine 
is contraindicated [37]. 
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Table 1. Cytotoxic effects established by In-vitro studies 
 

Affected cell-
type 

Cytotoxicity References 
Bacitracin Hydrogen 

Peroxide 
Povidone-iodine 
(PI/Betadine) 

Chlorhexidine 
gluconate (CHX) 

Other solutions 

Bone Osteoblasts 
unaffected [9, 
10]. 

Cytotoxic to 
osteoblasts at high 
concentrations [9, 
10]. 

Osteoblasts: Affected in 
dose-[11,12] and time- 
[14] dependent manner. 
Cytotoxicity was shown 
at high concentrations. 
[9,10] At concentrations 
of up to 5% for up to 1-
minute osteoblast activity 
was not impaired. [11] 
Osteoclasts: Affected in 
time-dependent manner 
[13].

 

Osteoblasts: Affected in 
dose-[11,12] and time- 
[14] dependent manner.  
Osteoclasts: Affected in 
time-dependent manner 
[14]. 

Safe at concentrations of 
0.2% for up to 1 minute 
and 1% for up to 30 
seconds.[11] 

Sodium hypochlorite: 
Limits osteoblast growth in 
dose dependent manner 
[11].  
Soap solution: Affects 
osteoblasts and 
osteoclasts in time 
dependent manner but 
preserved the greatest 
number of osteoclasts 
compared with PI and 
CHX [13].

 

 Kellam et al. [9] 
 Kaysinger et al. [10] 
 Verdugo et al. [11] 
 Cabral et al. [12] 
 Bhandari et al. [13] 

Cartilage Not assessed 
by these 
reviewers. 

Cytotoxic to 
chondrocytes.[14-
16] 

Not assessed by these 
reviewers. 

Not assessed by these 
reviewers. 

Not assessed by these 
reviewers. 

 Bates et al. [14] 
 Asada et al. [15] 
 Asada et al. [16] 

Connective 
tissue 

Not assessed 
by these 
reviewers.

 

Reduced fibroblast 
activity  with  

cytotoxicity shown 
at bactericidal 
concentrations 
[18]. 

Reduced fibroblast 
activity [18]. 

Fibroblast cytotoxicity 
resulted at bactericidal 
concentrations [19]. 
Fibroblast viability 
retained at 1.3 g/L with 
moderate bactericidal 
effect [21].

 

Increased fibroblast 
proliferative potential at 
low doses [18].

 

Fibroblast cytotoxicity 
resulted at bactericidal 
concentrations [19-21]

 

Cytotoxic to stromal cells 
[21].

 

Silver sulfasalazine: 
Increased fibroblast 
proliferative potential at 
low doses.[18]

 

 
Therapeutic doses of local 
antibiotics did not damage 
fibroblasts.[21] 

 Sanchez et al. [18] 
 Mariotti et al. [19] 
 Meurs et al. [20] 
 Damour et al. [21] 

Epidermal Not assessed 
by these 
reviewers.

 

Not assessed by 
these reviewers. 

Cytotoxicity to 
keratinocytes was shown 
at bactericidal 
concentrations [21]. 

Cytotoxicity to 
keratinocytes was shown 
at bactericidal 
concentrations [21]. 

Therapeutic doses of local 
antibiotics did not damage 
keratinocytes.[21]

 

 Damour et al. [21] 
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Table 2. Efficacy of irrigation solutions, as established by animal studies 
 

Animal 
Model 

Irrigation solution Recommended Irrigation Solution References 
Staphylococcus 
aureus 

Staphylococcus 
epidermis 

Pseudomonas 
aeruginosa 

Rat Normal saline (NS) ✗[27] ✓[2]
 

✗[27]
  Conroy et al. [27] 

 Marberry et al. [2] 
 Penn-Barwell et al. [33] 

Castile soap (CS) ✗[27] - ✓[27] 

Benzalkonium chloride (BzC) ✓[27] - ✗[27] 
Bacitracin ✗[27] - ✗[27] 
Chlorhexidine ✗[27] - - 

Sequential irrigation: BzC + CS + NS ✓[2] - ✓[27] 

Rabbit Normal saline ✗[31] ✗[34] -  Gilotra et al. [31] 
 Zhai et al. [34] Povidone-iodine ✓[31] - - 

Allicin - ✓[34] - 

Vancomycin - ✗[34] - 

Allicin + Vancomycin - ✓[34] - 

Goat Normal saline - - ✓[28]  Owens et al. [28] 
Castile soap - - ✗[28] 
Benzalkonium chloride - - ✗[31] 

✓:  Solution demonstrated statistically significant decrease in bacterial count 

✗:  Solution did not demonstrate statistically significant decrease in bacterial count 

- :  Bacteria/solution combination not tested  

 
Table 3. Efficacy of antiseptic solutions in humans 

 
Study Procedure Variant Indication Antiseptic(s) Type of 

Study 
Outcomes 
Assessed 

Results 

Patrick et al. 
[36] 

Elective spinal 
surgery  

Pre-op 
preparation 

Primary 
prophylaxis  

Skin disinfection with 
sequential povidone-
iodine + chlorhexidine 
vs povidone-iodine 
alone twice  

Randomised 
controlled trial  

Surgical site 
contamination + 
internal bacterial 
contamination  

Reduced risk of 30% and 
37% in surgical site 
contamination and internal 
bacterial contamination 
with sequential 
disinfection 
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Study Procedure Variant Indication Antiseptic(s) Type of 
Study 

Outcomes 
Assessed 

Results 

Woo et al.  
[41] 

Knee joint 
replacement  

Intra-
operative 
irrigation 

Primary 
prophylaxis  

Taurolidine (synthetic 
broad-spectrum 
antibiotic) irrigation 

Case-control Lower CRP + ESR 
values 3 days after 
surgery but less 
significant 6 days 
post-op with 
taurolidine vs 
control 

Irrigation with taurolidine 
did not decrease the risk 
of infection  

Chundamala 
et al. [42] 

General, 
cardiovascular, 
orthopaedic 
spine, and 
urologic surgery  

Intra-
operative 
irrigation 

Primary 
prophylaxis  

Povidone-iodine vs 
normal saline 
irrigation 

Meta-analysis  Post-operative 
infection  

Reduced risk of infection 
with povidone-iodine (p = 
0.015 and p = 0.007, p < 
0.05)  

Brown et al. 
[43] 

Hip and knee 
joint 
replacement  

Intra-
operative 
irrigation 

Primary 
prophylaxis  

Povidone-iodine vs 
normal saline 
irrigation  

Case-control Post-operative 
infection 

Significant reduction with 
povidone-iodine (0.15 vs 
0.97%) 

Frisch et al. 
[44] 

Hip and knee 
joint 
replacement  

Intra-
operative 
irrigation 

Primary 
prophylaxis  

Chlorhexidine 0.05% 
vs povidone-iodine 
(<2%) for hip 
replacement, and 
chlorhexidine 0.05% 
vs 0.9% saline for 
knee replacement 

Case-control Deep and 
superficial site 
infections   

No significant difference  

Ulivieri et al 
[45]. 

Elective spinal 
surgery  

Intra-
operative 
irrigation 

Primary 
prophylaxis  

Combination irrigation 
protocol (soak with 10 
cc of 10% povidone-
iodine, 5cc of water 
and 1cc of hydrogen 
peroxide and after am 
minute irrigation with 
copious sterile saline) 

Case-control Post-operative 
infection  

Significant reduction with 
combination irrigation 
protocol (0% vs 1.5%) 
  

Kosashvili et 
al. [46] 

Multiple and 
first time 
revision spinal 

Intra-
operative 
irrigation 

Primary 
prophylaxis 

Combination irrigation 
protocol (povidone-
iodine, hydrogen 

Case-control Post-operative 
infection  

Reduced risk of infection 
with combination irrigation 
protocol (2.14% in multiple 
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Study Procedure Variant Indication Antiseptic(s) Type of 
Study 

Outcomes 
Assessed 

Results 

surgery peroxide and 
bacitracin) 

revision cases and 1.35% 
in first time revision cases)  

Patterson et 
al. [47] 

 External pin Pin dressing Primary 
prophylaxis 

Half-strength 
peroxide and 
Xeroform dressing vs 
soap and water 
cleansing 

Case-control  Pin-site infection Lower infection rate with 
half-strength peroxide and 
Xeroform dressing 

Woolridge et 
al. [48] 

High-grade soft 
tissue sarcoma 
resection 

Adjuvant 
local 
irrigation 

Primary 
prophylaxis 

Hydrogen peroxide 
solution 

Retrospective 
case-control 

Local recurrence 
and surgical site 
infection 

Reduced local control and 
infection rates 

Anglen et al. 
[49] 

Lower limb 
open fracture 

Open wound 
irrigation 

Primary 
prophylaxis 

Bacitracin solution vs 
a non-sterile castile 
soap solution 

Randomised 
controlled trial  

Post-operative 
infection 

No advantage and may  
increase the risk of 
wound-healing problems 
with bacitracin solution 

Conroy et al. 
[27] 

Complex 
contaminated 
orthopaedic 
wound 

Open wound 
irrigation 

Primary 
prophylaxis 

Castile soap vs 
benzalkonium 
chloride vs anracin 

Case-control Post-operative 
infection 

No benefit of antibiotic 
solutions over normal 
saline 

Bhandari et 
al. [50] 

 Open fracture Wound 
irrigation 

Primary 
prophylaxis 

Castile soap versus 
normal saline 
irrigation and its 
pressure 

Randomised 
controlled trial  

Re-operation rate Reduced with saline 
regardless of irrigation 
pressure 

Yung Han et 
al. [51] 

Contaminated 
anterior 
cruciate 
ligament grafts 

Wound 
irrigation 

Treatment of 
contaminated 
ligament 
grafts 

3L 2% chlorhexidine 
power irrigation 

Controlled 
laboratory 
study 

Post irrigation 
disinfection and 
weakness of the 
anterior cruciate 
ligament. 

Disinfection using 3L 2% 
chlorhexidine power 
irrigation does not 
significantly weaken the 
tendon. 

Burd et al. 
[52] 

Contaminated 
Achilles 
tendon-
calcaneous 
allografts 

Wound 
irrigation 

Treatment of 
contaminated 
tendon grafts 

Benzalkonium 
chloride vs castile 
soap vs castile soap 
followed by 
benzalkonium 
chloride vs triple 

Case-control Post-irrigation 
infection 

2% chlorhexidine irrigation 
solution is effective in 
decontaminating bone-
tendon allografts infected 
with Staphylococcus 
aureus, Staphylococcus 



 
 
 
 

Begum et al.; JPRI, 32(30): 46-61, 2020; Article no.JPRI.62678 
 
 

 
55 

 

Study Procedure Variant Indication Antiseptic(s) Type of 
Study 

Outcomes 
Assessed 

Results 

antibiotic vs 
chlorhexidine 
gluconate vs 
chlorhexidine 
gluconate/triple 
antibiotic combination 

epi-dermis, pseudomonas 
aeruginosa or Klebsiella 
pneumoniae. 

Ostrander et 
al. [53]  

Procedures 
involving the 
hallux, toes 
and tibia.  

Pre-op 
preparation 

Primary 
prophylaxis 

DuraPrep (0.7% 
iodine and 74% 
isopropyl alcohol) vs 
Techni-Care (3.0% 
chloroxylenol) vs 
ChloraPrep (2% 
chlorhexidine 
gluconate and 70% 
isopropyl alcohol) 

Prospective 
study 

Post-preparation 
infection of the 
hallux nailfold, 
web spaces 
between the 
2

nd
/3

rd
 and 4

th
/5

th
 

digits, and the 
anterior tibia 
(control) 

All three solutions were 
effective. Of the three, 
ChloraPrep was most 
effective at bacterial 
elimination (p < 0.0001). 

Saltzman et 
al. [54] 

Shoulder 
surgery 

Pre-op 
preparation 

Primary 
prophylaxis 

ChloraPrep vs 
DuraPrep vs 0.75% 
povidone-iodine 
scrub + 1% iodine 
paint 

Prospective 
study 

Post-preparation 
infection of the 
shoulder 

ChloraPrep was most 
effective at bacterial 
elimination (p < 0.0001). 

Hunter et al.  
[55] 

 

Foot and ankle 
surgery 

Pre-op 
preparation 

Primary 
prophylaxis 

70% isopropyl alcohol 
then 4% 
chlorhexidine 
gluconate  vs 4% 
chlorhexidine 
gluconate then 70% 
isopropyl alcohol 

Randomised 
prospective 
study 

Post-preparation 
colonisation of the 
operative site. 

The combination of 70% 
isopropyl alcohol followed 
by 4% chlorhexidine 
gluconate was more 
effective. 

Mankovecky 
et al. [56] 

Ankle septic 
arthritis 

Arthroscopic 
joint 
irrigation 

Septic arthritis Irrigation with lactated 
Ringer’s solution 
impregnated with 
Bacitracin sterile 
powder  

Case series Infection control Successful elimination of 
infection in all 15 cases 
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Study Procedure Variant Indication Antiseptic(s) Type of 
Study 

Outcomes 
Assessed 

Results 

Acello et al. 
[57] 

Open foot and 
ankle fractures 

Open wound 
irrigation 

Primary 
prophylaxis 

50,000 units 
bacitracin vs 25 mg 
polymyxin per L vs 
sterile saline 

Retrospective 
study 

Post-operative 
infection 

Irrigation with bacitracin or 
polymyxin is beneficial in 
reducing infection in open 
fracture repairs.  

Wu et al. 
[58] 

Foot and ankle 
external 
fixation 

Pre-op 
preparation 

Primary 
prophylaxis 

Chlorhexidine 
gluconate-
impregnated 
polyurethane patches 
vs standard pin care. 

Pilot trial Post-operative 
infection 

There were significantly 
lower infection rates in the 
group receiving 
chlorhexidine patches on 
the pin sites (0% versus 
25%, P = 0.047) 

Ruder et al. 
[59] 

Total joint 
arthroplasty 

Open wound 
irrigation 

Primary 
prophylaxis 

17.5ml 10% 
povidone-iodine 
diluted in 500-1000cc 
normal saline 

Expert opinion 
report 

Post-operative 
infection 

In primary total joint 
arthroplasty, 10% 
povidone-iodine reduces 
the risk of infection.   

George et 
al. [60] 

Hip and knee 
arthroplasty 

Open wound 
irrigation 

Prosthetic 
joint infection 

1% povidone iodine 
and a 50:50 dilution 
of 3% hydrogen 
peroxide 

Case series Post-operative 
infection 

There were no 
recurrences of infection in 
11 hips at a mean of 5 
years and 28 knees at a 
mean of 6.5 years 

Riesgo et al. 
[61] 

Total joint 
arthroplasty 

Open wound 
irrigation 

Prosthetic 
joint infection 

Vancomycin 
povidone-iodine + 
irrigation and 
debridement with 
modular component 
and linear exchange 
(IDLE) vs IDLE alone. 

Case-control Post-operative 
infection 

Vancomycin povidone-
iodine is effective in 
treating prosthetic joint 
infection with irrigation and 
debridement. Its use 
resulted in failure 
(infection) in 16.7% (6/36), 
lower than the control 
group (37%, i.e. 14/38). 
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Table 4. Adverse effects associated with antiseptic fluids 
 

Antiseptic fluid Adverse Effect 
Chlorhexidine Chondrolysis [62,63] 
Hydrogen peroxide Chondrolysis [15-17], pneumocephalus and air embolism [64-68] 
Povidone-iodine Acute kidney injury [69-72], induce hyperthyroidism [69,73-75] 
Alcohol-based solutions: 
Chlorhexidine, povidone-iodine 

Electrocautery-associated surgical fire [76-79] 

 
Although no “gold standard” of irrigation fluid 
currently exists for the management of open 
fracture wounds, a survey completed by 1764 
surgeons found that the majority of surgeons’ 
favour both normal saline and low-pressure 
lavage as part of the initial treatment [38]. In a 
recent document from the 2nd International 
Consensus Meeting on Musculoskeletal Infection 
no particular recommendation was made with 
regards the use of dilute povidone-iodine 
(betadine) irrigation or other antiseptic irrigation 
solutions during total ankle arthroplasty (TAA) or 
other foot and ankle procedures due to lack of 
good quality evidence [39]. 
 
Hansen and Parvizi [40] described a specific 
irrigation and debridement regimen involving five 
steps to eradicate periprosthetic infection : (1) 
soak the surgical site in Dakin’s solution or 
hydrogen peroxide for 3 minutes, (2) irrigate 
wound thoroughly with 3 litres of sterile saline, 
(3) add 0.3% dilute betadine for another three 
minutes while continuing to mechanically scrub 
and debride the surgical site, (4) irrigate surgical 
site again with 3 litres of sterile saline, and (5) 
irrigate site with 3 litres of saline containing 
500,000 units of polymyxin B and 50,000 units of 
bacitracin. As yet, there is no secondary peer-
reviewed research to affirm this protocol, 
although studies do describe debridement and 
copious irrigation of the surgical site for   
operative management of infection. Table 3 
summarises efficacy of antiseptic solutions in 
humans.  
 

4.1 Adverse Effects of Irrigation 
 
Table 4 summarises adverse effects     
associated with different antiseptic solutions in 
human. 
 
5. CONCLUSION 
 
Routine intraoperative irrigation with antiseptic 
solutions for the prevention or treatment of 
established infection should be undertaken with 
caution. It is advisable to consider a number of 
circumstances where it may be detrimental, in 

particular with the use of Chlorhexidine and 
Hydrogen Peroxide within native joint cavities in 
view of their chondrotoxicity. Systemic 
complications such as thyroid [68,72-74] and 
kidney [68-71] dysfunction, air embolism and 
even death have been reported [64-67]. There is 
strong evidence that skin preparation with 
antiseptics before orthopaedic procedures 
reduces the risk of post-operative infection. 
Although the best antiseptic preparation    
remains a matter of debate. A single agent or 
solution is also not effective against all 
organisms (Table 2) leading to the development 
of some complex regimens that are difficult to 
validate. 
 
The social and economic burden of bone and 
joint infections associated with implants are high 
and life altering for the afflicted individual. The 
treatment invariably requires multiple 
procedures, prolonged inpatient stay and leads 
to poor functional outcomes. This combined with 
the emergence of resistant strains of micro-
organisms and ever more compromised hosts 
make prevention an essential tool in the 
armamentarium of the surgeon. Therefore, 
further research is required to assess efficacy of 
different antiseptic solutions for prevention and 
treatment of infection. Current knowledge based 
on available literature is insufficient to strongly 
recommend a particular antiseptic and its volume 
in clinical practice. However, we have addressed 
the National Institute for Health and Care 
Excellence (NICE) recommendation and the 
“Second International Consensus Meeting on 
Musculoskeletal Infection” as the latest 
recommendations regarding antiseptic use in 
orthopaedic practice. 
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