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Surgical site infection after arthroplasty causes substan-
tial morbidity and potential mortality. Prosthetic joint 
infection (PJI) ranges from simple superficial wound 

infection and cellulitis to deep subfascial infection that involves 
the prosthesis. Consistent use of prophylactic antibiotics has 
reduced postoperative hip and knee arthroplasty infections 
to rates of 0.25% to 2%.1-4 Treatment of a patient with PJI 
commonly includes hospitalization, long-term intravenously 
administered antibiotics, resection arthroplasty, and staged 
reimplantation.

 
The estimated cost of interventions reaches 

tens of millions of dollars annually in the United States and 
does not include the costs of psychosocial effects on patients 
and their families.5,6 

Betadine (povidone-iodine) is a widely used antiseptic for 
skin and mucous membrane wounds and has been shown to 
be effective for the prevention of PJI.7 Dilute Betadine solution 
has been proposed as an aid in treatment of PJI.8 At a minimum 
concentration of 5%, cytotoxicity has been observed in chicken 

tibia osteoblasts.9 A balance of the bactericidal and cytotoxic ac-
tivities of Betadine, while maintaining its efficacy against resis-
tant organisms, such as methicillin-resistant Staphylococcus aureus 
(MRSA), is optimized at dilutions between 0.5% and 4%.10-14 
We hypothesized that a dilute Betadine lavage of 3.5% would 
achieve a significant decrease in bacterial counts compared with 
an isolated saline lavage in an in vivo knee PJI model. 

Materials and Methods

Animal Protocol
All surgical procedures were conducted according to the proto-
col approved by our institutional animal care and use commit-
tee. Using a power analysis and data obtained at our institution, 
we determined that 12 was the minimum number of animals 
needed to reach significance set at P < .05 and assuming a 50% 
decrease in colony-forming units (CFU) (SigmaStat Version 2.03;  
Aspire Software International, Ashburn, Virginia). Eight New 
Zealand White rabbits were used in our study; because sig-
nificance was reached early, 12 were not needed. The average 
weight of the rabbits was 3.5 kg (weight range, 3.2-4.1 kg). 
All rabbits completed 1 week of acclimation before surgery. 

Bacteria Preparation
A broth culture of methicillin-sensitive S aureus (MSSA) (ATCC 
25923) was prepared 1 day before surgery. The bacteria were 
suspended in 5 mL of Trypticase Soy Broth (Becton Dickinson 
& Co, Franklin Lakes, New Jersey) and incubated at 37°C in 
a shaking incubator for 16 hours. The next day, the culture 
was centrifuged and irrigated twice with normal saline to 
remove the broth and prevent further growth. The bacteria 
were reconstituted in normal saline, and the concentration 
was standardized using a turbidity meter (LaMotte 2020e; 
LaMotte Co, Chestertown, Maryland), which correlated with  
106 CFU/100 µl plated on trypticase soy agar plates with 10% 
sheep blood (Fisher Scientific, Pittsburgh, Pennsylvania).

Surgical and Postoperative Procedures
Our procedure was based on the New Zealand White rabbit 
knee PJI model.15 General anesthesia was induced with ket-
amine and xylazine, and maintained with isoflurane inhala-
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tion via a nose cone mask. Rabbits were positioned supine, 
and bilateral knees were shaved, prepped, and draped in a 
sterile fashion. 

A 2-cm longitudinal incision was made over the lateral 
knee, and arthrotomy was performed, exposing the lateral col-
lateral ligament attachment at the lateral femoral condyle. Us-
ing a 4-mm drill bit, a defect was drilled obliquely into the lat-
eral femoral condyle, anterior to the lateral collateral ligament 
attachment. This produced a defect in the non-weight-bearing, 
nonarticulating portion of the knee. A fully threaded 4×14-mm 
stainless steel screw (Synthes, West Chester, Pennsylvania) 
with a U-shaped ultrahigh-molecular-weight polyethylene 
washer (Synthes) was inserted into the defect. The joint 
capsule was closed with a running 3-0 Vicryl suture (Ethi-
con, Somerville, New Jersey). The knee joint was inoculat-
ed with 100 µL of the S aureus preparation using a 22-gauge 
needle. The skin was closed with a 4-0 Biosyn suture (Ethi-
con). The procedure was repeated on the contralateral knee  
(Figures 1A, 1B). 

Seven days after the initial surgery, the rabbits were re-
turned to the operating room and were anesthetized, posi-
tioned, and prepped for surgery as detailed above. Ceftriaxone 
(20 mg/kg of body weight) was intravenously administered 
to all rabbits for the treatment procedure. For each rabbit, a 
control knee and an experimental knee were randomly as-
signed. A longitudinal incision was made, exposing the pre-
viously placed implants. The screw was loosened slightly to 
remove the U-shaped polyethylene washer. Each knee then 
underwent lavage 2 times, for 90 seconds each time, with 3.5% 
dilute Betadine solution (experimental knee) or with normal 
saline (control knee). Because Pseudomonas contamination has 
been reported with povidone-iodine taken from unsterilized 
bottles,16,17 packets of sterilized povidone-iodine (Aplicare; 

Clorox, Oakland, California) were used. After the irrigation 
was complete, a new sterile polyethylene washer was placed 
and the screw was tightened. The wound closure was repeated 
as detailed above.

Postoperative analgesia was provided based on a standard 
institutional animal care and use committee protocol. Rab-
bits were permitted full cage activity and nutrition ad libitum. 
Wound healing, body weight, and signs of distress were moni-
tored daily.

Outcome Measures
Seven days after surgery, the rabbits were euthanized with 
administration of phenobarbital (100 mg/kg of body weight). 
Arterial blood samples were obtained from the auricular vein 
to ensure that the rabbits were not systemically infected. Us-
ing a sterile technique, the screw, polyethylene washer, lateral 
femoral condyle bone from the defect, and joint capsule were 
cultured. Harvested bone and soft tissues were weighed and 
immediately homogenized (PowerGen Model 35 Handheld 
Homogenizer; Thermo Fisher Scientific, Inc, Waltham, Massa-
chusetts). Implants were sonicated (UBATH-Y; World Precision 
Instruments, Inc, Sarasota, Florida) in cold saline to obtain a 
sensitive culture.18

Bacterial quantification was determined by using trypticase 
soy agar plates after 24 hours of growth. Final CFU were cal-
culated after serial dilutions and were standardized per gram 
of biopsied tissues.19 Members of the team were blinded to 
the treatment type. 

Statistical Analysis
Statistical differences in mean bacterial burden were calculated 
independently for lateral condyle bone, joint capsule, polyeth-
ylene, and screws by conducting a Student t test. 

Figure 1. (A) Anteroposterior and (B) lateral radiographic views show bilateral screw implantation in an intra-articular yet non-weight-
bearing aspect of the lateral femoral condyle.
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Results
Treatment effect was higher than expected, and the study 
was terminated after 8 animals completed the protocol. All  
8 rabbits tolerated the procedures well and were appropriately 
monitored during the postoperative period. No animals had 
signs of systemic infection or positive blood culture. All local 
cultures for screw, polyethylene washer, lateral femoral con-
dyle defect, and joint capsule were positive.

Statistically significant decreases were shown in the bacte-
rial burden of the Betadine-irrigated screws and the Betadine-
irrigated polyethylene washers compared with the saline-ir-
rigated controls. Betadine-irrigated screws grew an average of 
7.16 × 101 CFU of S aureus/g, whereas screws from control knees 
grew an average of 1.45 × 103 CFU/g (P = .0003) (Figure 2). 
Betadine-treated washers grew an average of 1.28 × 103 CFU/g 
compared with 1.62 × 104 CFU/g for control washers 
(P =. 04) (Figure 3).

A trend toward decreased bacterial counts was shown in 
Betadine-treated soft tissues compared with saline-treated soft 
tissues, but the difference did not reach statistical significance 
(P = .9). Biopsied joint capsule from knees treated with Beta-
dine grew an average of 2.84 × 104 CFU/g compared with an 
average of 3.16 × 104 CFU/g in control-rabbit knees (Figure 4). 
Cultured lateral condyle from Betadine-treated knees had an 
average bacterial load of 3.22 × 104 CFU/g compared with 
an average bacterial load of 1 × 105 CFU/g in control knees 
(Figure 4).

Discussion
Knees irrigated with Betadine showed a significant (P = .0003) 
decrease in metal implant–related S aureus bacterial counts by 
20-fold and a significant (P < .05) decrease in polyethylene 
implant–related counts by more than 10-fold. This arthroplasty 
model used Betadine lavage as a treatment adjunct with intra-
venously administered antibiotics and polyethylene exchange. 
Our 1-week interval after the index procedure classifies the 
infection as an acute postoperative arthroplasty infection (oc-
curring less than 4 weeks postoperatively). 

The gold standard treatment for these infections is irriga-
tion and débridement with component retention.18 The success 
rate has been reported to be as high as 71%20 but was closer 
to 44% in a study by Fridkin and colleagues,21 especially with 
more virulent bacteria. Staphylococcal species, higher American 
Society of Anesthesiologists scores, and frank pus around the 
prosthesis were markers of débridement failure in a recent 
study by Azzam and colleagues.18 

The majority of postoperative joint arthroplasty infections 
are caused by S aureus, and the incidence of MRSA bacteria con-
tinues to rise.22 Community-acquired MRSA is increasing at an 
alarming rate and is now the predominant organism in skin 
and soft-tissue infections.23 Organism resistance also occurs at 
a cellular level by the formation of a glycocalyx layer, or bio-
film. This layer assists in changing the phenotypic properties 
of the organism and decreases the efficacy of antibiotics.24 The 
self-produced layer of extracellular matrices, deoxyribonucleic 
acid, and polysaccharides attaches to inert material, preventing 
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Figure 2. Implant bacterial burden (measured in standardized 
CFU/g) was decreased in cultures obtained from Betadine-treated 
screws. The difference was statistically significant (P = .0003).

Figure 3. Polyethylene bacterial burden (measured in standardized 
CFU/g) was decreased in cultures obtained from Betadine-treated 
washers. The difference was statistically significant (P = .04).

Figure 4. No statistical difference was shown in the bacterial 
load of soft tissue (homogenized bone and joint capsule cultures) 
treated with Betadine lavage versus saline lavage (P = .9).
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phagocytic action by neutrophils. In addition to antibacte-
rial activity, povidone-iodine has antibiofilm activity against 
Staphylococcal species.25 The active ingredient targets the gene that 
produces biofilm. This correlates to our study in which the 
largest decrease in bacterial counts was noted on the implants. 

The use of Betadine lavage has shown some promise in 
vivo as well. A prospective randomized controlled trial26 used 
3.5% Betadine irrigation to prevent spine infection. No infections 
occurred in the Betadine group compared with a deep-infection 
rate of 2.9% in the control group. Brown and colleagues8 reviewed 
1862 hip and knee arthroplasty cases before the use of Betadine 
lavage and 688 cases after the use of Betadine lavage and found 
a decrease in infection rate, from 0.97% to 0.15%. S aureus caused 
13 of the 18 infections in the control group. These studies8,26 used 
Betadine lavage for prophylaxis and prevention of deep spine and 
arthroplasty infection. Betadine lavage as a treatment adjunct 
for acute arthroplasty infection has not been studied clinically.  
It has the potential to increase isolated incision and débridement 
success and to improve component survivorship. 

Our arthroplasty model mimics an intra-articular environ-
ment and accounts for an implant–polyethylene interface.15 
Limitations of our study include the use of MSSA as opposed 
to MRSA. However, povidone-iodine has the same effects on 
both MSSA and MRSA.12 We also treated our postoperative 
infection with 1 dose of antibiotics and not a course, although 
it should be noted that the single dose of ceftriaxone allowed 
us to isolate the independent effect of the Betadine lavage. A 
baseline level of infection severity could have been measured 
with cultures obtained at the time of irrigation and débride-
ment. Also, a decrease in CFU does not directly correlate to a 
clinically significant outcome, such as a defined surgical site 
infection requiring intervention. Nevertheless, it is notewor-
thy that the decrease in bacterial counts on the stainless steel 
screws and polyethylene washers were maintained 1 week 
after the Betadine lavage.

Conclusion
Dilute Betadine lavage is a simple and inexpensive adjunct for 
the treatment of acute postoperative arthroplasty infection and 
may increase the rate of component retention. Additionally, 
the bactericidal and antibiofilm activities of Betadine may im-
prove the effectiveness of systemic antibiotics. Further clinical 
investigation is warranted. 
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