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Abstract 

Periprosthetic joint infections (PJI) remain a challenge for the orthopaedic surgeon to treat and 
remain a leading cause of failure of both primary and revision total joint arthroplasty. Once a PJI 
develops, surgical treatment is generally indicated and includes an aggressive irrigation and 
debridement. One component of the irrigation and debridement involves the use of an antiseptic 
irrigating solution. In primary and revision TJA, dilute povidone-iodine lavage can be performed 
prior to wound closure. Approximately 17.5mL of 10% povidone-iodine is diluted with 500-1000cc 
of normal saline. The wound is then irrigated with the dilute povidone-iodine for 3 minutes. The 
dilute povidone-iodine is then thoroughly irrigated and washed out of the wound with normal 
saline prior to wound closure. The use of dilute povidone-iodine lavage prior to wound closure has 
been shown to reduce the risk of deep surgical site infection in multiple surgical specialties. In 
primary TJA, it has been demonstrated to reduce the risk of infection, without any associated 
adverse effects. It is also included in multiple protocols for the surgical treatment of PJI. Dilute 
povidone-iodine lavage provides a safe and inexpensive method to reduce the rate of PJI in TJA. 
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1. Introduction 
Periprosthetic joint infections (PJIs) remain a 

challenge for orthopaedic surgeons to treat, and 
remain a leading cause of failure of both primary and 
revision total joint arthroplasty (TJA). 1 With a 
reported incidence of 0.5%-7.0%, PJI is associated with 
a high morbidity and a mortality rate ranging from 
2.7%-18.0%.1,2 Infection is devastating to the patient 
physically and financially.3 The treatment of PJI can 
cost up to five times that of a primary TJA.4 This is not 
only a financial strain on the patient, but also on the 
health-care system as a whole.5 As the number of TJAs 
being performed has increased, the incidence of 
infections has also doubled between 1990 and 2004.6 
By 2030, the number of primary total knee 
arthroplasties (TKA) and total hip arthroplasties 
(THA) is projected to increase by 673% and 174%, 
respectively.1 Even if the incidence of PJI remains the 

same, we will be faced with an increasing number of 
patients with PJI.  

Because of the significant impact on the patient 
and the health-care system, there is continuous 
research aimed at identifying at-risk patients and 
methods to prevent PJIs.7 These are often aimed at 
reducing the burden of and exposure to the most 
common causative organisms, including 
methicillin-sensitive Staphylococcus aureus (MSSA), 
methicillin-resistant Staphylococcus aureus (MRSA), 
and coagulase-negative Staphylococci.8 Preventative 
measures are generally categorized as preoperative, 
intraoperative, or postoperative.9 Preoperative 
preventative measures include the use of 
perioperative antibiotics, nutritionally optimizing the 
patient, and managing blood glucose levels in diabetic 
patients. Intraoperative measures include adequate 
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skin preparation before surgical incision, shorter 
surgical time, frequent glove changes, 
antibiotic-impregnated cement, and antiseptic 
irrigation prior to closure. Postoperative preventative 
measures include continuing antibiotics no more than 
24 hours after surgery, and minimizing allogenic 
blood transfusions.  

Once a PJI develops, surgical treatment is 
generally indicated and includes an aggressive 
irrigation and debridement.10 One component of the 
irrigation and debridement involves the use of an 
antiseptic irrigating solution. This article will focus on 
the intraoperative use of antiseptic irrigation in TJA. 
Specifically, it will focus on the use of a dilute 
povidone-iodine lavage.  

2. The rationale for antimicrobial 
irrigation in total joint arthroplasty  

Bacterial contamination of the wound during 
surgery is a leading cause of PJI.11 Because of this, 
multiple interventions have been directed at reducing 
bacterial contamination of the wound while in the 
operating room.12,13 Despite these efforts, it is 
impossible to completely eliminate the risk of wound 
contamination. Therefore, efforts are made to sterilize 
the wound prior to closure. One such technique is the 
use of various irrigation solutions prior to wound 
closure.  

Identifying the optimal agent to use for irrigation 
remains challenging. Irrigating solutions can contain 
antiseptics, antibiotics, or surfactants.14 Irrigating 
solutions that contain antibiotics have frequently been 
used, but their efficacy has not been proven and they 
can potentially promote antibiotic resistance.15 
Antiseptic solutions negate this risk because they are 
not susceptible to antibiotic resistance.16 However, 
they are cytotoxic, which can damage local tissue and 
lead to wound complications.17 Commonly used 
antiseptic solutions include chlorhexidine 
digluconate, hydrogen peroxide, sodium hypochlorite 
(Dakin’s solution), and povidone-iodine (Betadine).18  

The ideal antiseptic solution has minimal 
cytotoxicity at its minimal bactericidal concentration 
(MBC), which is defined as the concentration required 
to diminish the bacterial load by 99.9%.18 In general, 
the concentration of the active component in these 
solutions can be adjusted to minimize cytotoxicity, 
but maintaining its bactericidal activity. 
Povidone-iodine is commercially available at 100 g/L 
(10%), which is both bactericidal and cytotoxic.18 
Different concentrations of povidone-iodine have 
been tested against various organisms to determine 
their bactericidal activity, and to determine if they 
permit cell viability.16,19 In a study where human cells 
were exposed to both S. aureus and S. epidermidis, 

povidone-iodine demonstrated a steep dose-response 
curve.18 Of the antiseptics tested, only 
povidone-iodine permitted cell viability at its MBC, 
which was 1.32 g/L (1.32%).  

3. Basic science of Povidone-iodine 
Povidone-iodine is an antiseptic solution 

consisting of polyvinylpyrrolidone and 1% available 
iodine.16 Iodine has great bactericidal activity but has 
very low solubility in aqueous environments.19 To 
combat this, it is conjugated to polyvinylpyrrolidone, 
which is hydrophilic and able to deliver free iodine 
directly to the cell surface.20,21  

Once iodine reaches the cell surface, it is able to 
enter the cell and oxidize various components of the 
cytoplasmic membrane and molecules in the 
cytoplasm.19 This results in their inactivation. 22 
Therefore, the cytotoxicity of povidone-iodine is 
proportional to its iodine concentration delivered to 
the cell wall.23  

4. Historical use of dilute 
povidone-iodine in surgery  

Povidone-iodine has been shown in multiple 
surgical specialties to reduce the rate of surgical site 
infection when used as an irrigation solution, 
including orthopaedic, urologic, cardiovascular, and 
general surgery.24 One of the earliest studies to look at 
the use of povidone-iodine as an irrigation solution 
was in 1977 and evaluated 500 patients undergoing 
abdominal, gastrointestinal, and genitourinary 
procedures.25 Patients either had their subcutaneous 
tissue irrigated with 10% povidone-iodine or normal 
saline for 60 seconds. The infection rate for patients 
who received povidone-iodine had an infection rate of 
2.9%, and those who receive normal saline had an 
infection rate of 15.1%.  

More recently, there have been two randomized 
controlled trials in the orthopaedic literature 
highlighting the benefits of povidone-iodine irrigation 
during spinal surgery.26,27 In a series of 414 patients 
undergoing spinal decompression, discectomy, 
pedicle screw fixation, or tumor resection, 
povidone-iodine lavage was found to reduce the 
incidence of postoperative infection.26 Patients were 
randomized to either have their surgical wound 
soaked with 3.5% povidone-iodine for 3 minutes or 
normal saline prior to closure. There was no 
difference in the superficial infection rate between the 
groups; however, the deep infection rate in the 
povidone-iodine group was significantly lower than 
those who were only irrigated with normal saline.  

In an additional study of 244 patients 
undergoing lumbosacral posterolateral fusion, the 
safety and efficacy of a 3 minute, dilute 
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povidone-iodine lavage was demonstrated.27 The 
infection rate was again shown to be significantly 
lower when the surgical wound was irrigated with 
3.5% povidone-iodine prior to closure than with 
normal saline. There were no deep infections (0.0%) in 
patients who received the povidone-iodine lavage 
and 6 deep infections (4.8%) in patients only irrigated 
with normal saline. There was no difference in wound 
complication or rate of bony union between the two 
groups.  

5. Results of dilute povidone-iodine in 
TJA 

Dilute povidone-iodine lavage is frequently used 
during both primary and revision TJA cases.28,29 
Because of the difficulty in isolating a single variable 
and the overall low incidence of PJIs, there have been 
no randomized controlled trials evaluating its efficacy 
in the treatment of PJIs. Most of the evidence 
supporting its use in the surgical management of PJIs 
is derived from animal and basic science studies, and 
primary TJA literature.18,28,30 

For the treatment of acute PJIs, a rabbit knee 
infection model was used to determine if irrigation 
and debridement with component retention using a 
dilute povidone-iodine lavage could successfully be 
completed.30 A stainless steel screw and polyethylene 
washer were placed into the lateral femoral condyle 
and inoculated with MSSA. Seven days after the 
initial procedure, half of the animals underwent a 90 
second lavage with 3.5% povidone-iodine, and half of 
the animals were irrigated with normal saline. 
Povidone-iodine lavage was shown to significantly 
reduce the bacterial burden on both the screw and 
polyethylene washer.  

The use of dilute povidone-iodine lavage in 
primary TJA is supported by a single study.28 The 
study evaluated 2,250 consecutive primary THAs and 
TKAs to determine the efficacy of a dilute 
povidone-iodine lavage at reducing the incidence of 
PJIs.28 Patients either had their wound irrigated with 
normal saline alone or had a dilute povidone-iodine 
soak prior to closure. The 0.35% povidone-iodine 
solution was allowed to soak in the wound for 3 
minutes, and then the wound was irrigated with 1 L 
of normal saline using pulsatile lavage. The addition 
of the dilute povidone-iodine lavage to the surgical 
procedure resulted in a significant reduction in the 
postoperative infection rate, dropping from 0.97% to 
0.15%. There were no reported complications from the 
use of dilute povidone-iodine lavage and the authors 
deemed it a safe and inexpensive method to reduce 
the rate of PJIs.  

Multiple institutions have now included the 
dilute povidone-iodine lavage as part of a 

comprehensive approach to reduce the rate of PJI 
following primary and revision TJA.29,31 A seven-item 
checklist was created aimed at reducing the incidence 
of PJI. Dilute povidone-iodine lavage was one of three 
intraoperative measures on the checklist.32 Dilute 
povidone-iodine lavage has also been described in 
multiple studies as part a comprehensive approach to 
the treatment of PJIs.10,29 It has been utilized for the 
treatment of acute infections treated with irrigation 
and debridement and exchange of modular 
components.33 It has also become part of multiple 
treatment protocols for the treatment of chronic 
infections undergoing either single or two-stage 
component exchange.10  

Critics of dilute povidone-iodine lavage raise 
concerns over the possible negative effects on the 
bone-cement interface and deleterious effects on 
articular cartilage.34,35 In a cadaveric animal model, 
different irrigation solutions were evaluated on their 
ability to cleanse bone prior to cement application.34 
They found superior cement fixation following 
hydrogen peroxide irrigation compared to 
povidone-iodine and normal saline solution. This 
highlights a potential benefit of hydrogen peroxide, 
not necessarily a deleterious effect of 
povidone-iodine. Also, clinically, the dilute 
povidone-iodine lavage is performed following 
implant insertion and therefore should not affect the 
bone-cement interface. However, if performing 
single-stage revision, this should be considered. An 
additional cadaveric animal model evaluated the 
effect of dilute povidone-iodine lavage on articular 
cartilage.35 The 3.5% concentration was found to be 
chondrotoxic to the superficial cartilage layer when 
used for longer than one minute. This is certainly an 
effect that should be considered during articular 
cartilage retaining procedures, such as 
unicompartmental knee arthroplasty. However, this 
deleterious effect is negated during TJA where 
articular cartilage is not retained. 

 6. Algorithm and Surgical technique for 
use of dilute povidone-iodine lavage in 
the operating room 

In primary and revision TJA, dilute 
povidone-iodine lavage can be performed prior to 
wound closure. Approximately 17.5mL of 10% 
povidone-iodine is diluted with 500-1000cc of normal 
saline. The wound is then irrigated with the dilute 
povidone-iodine for 3 minutes. The dilute 
povidone-iodine is then thoroughly irrigated and 
washed out of the wound with normal saline prior to 
wound closure.  

In the setting of PJI, the same formulation of 
dilute povidone-iodine lavage is utilized as during 
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primary TJA. When irrigation, debridement and 
polyethylene exchange is performed, the authors 
prefer to use dilute povidone-iodine lavage following 
aggressive debridement and allow the 
povidone-iodine to soak against the retained 
components for 3 minutes prior to irrigating with 
normal saline. When performing a resection 
arthroplasty and placement of antibiotic spacer, the 
authors prefer to soak the wound with dilute 
povidone-iodine following removal of the 
components and aggressive debridement and prior to 
insertion of the antibiotic spacer. 

7. Contraindications/concerns about 
using povidone-iodine 

There are no studies directly evaluating the 
safety of dilute povidone-iodine lavage in TJA 
patients with iodine allergies. Although the 
preparation used in TJA contains a low concentration 
of free iodine, when an allergic reaction does occur, it 
can be severe.36 The incidence of reported allergic 
reactions to iodine containing antiseptics is low.37 
Only two allergic reactions were reported in 5000 
patients when polyvinylpyrrolidone-iodine was 
applied locally on intact skin or mucosa.37 In 500 
patients with known allergies to iodine-containing 
compounds, including fish, only two allergic reactions 
occurred.38 While the risk is low, topical use of 
povidone-iodine has been shown to cause contact 
dermatitis, iododerma, and anaphylactic shock in 
multiple surgical specialties.36,39 For this reason, the 
authors do not recommend the use of 
povidone-iodine in patients with a reported allergy to 
iodine.  

A second commonly encountered clinical 
scenario is the concurrent use of povidone-iodine and 
liposomal bupivacaine. Povidone-iodine will cause 
rupture of the liposome containing bupivacaine, 
releasing the free bupivacaine from its liposome and 
negating the slow release. It is recommended that if an 
orthopaedic surgeon uses liposomal bupivacaine with 
povidone-iodine, the povidone-iodine should be used 
first, followed by thorough lavaging with normal 
saline, followed by application of the liposomal 
bupivacaine to keep the liposomes intact.40  

8. Conclusions  
The use of dilute povidone-iodine lavage prior to 

wound closure has been shown to reduce the risk of 
deep surgical site infection in multiple surgical 
specialties. In primary TJA, it has been demonstrated 
to reduce the risk of infection, without any associated 
adverse effects. It is also included in multiple 
protocols for the surgical treatment of PJI. Dilute 

povidone-iodine lavage provides a safe and 
inexpensive method to reduce the rate of PJI in TJA. 
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