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INTRODUCTION

Despite advancements in the field of adult reconstruction, prosthetic joint infection (PJI)
remains a common and devastating complication of total joint arthroplasty. Eradication
of these infections can often prove difficult, and they remain a source of considerable
morbidity and mortality. This clinical review paper will focus on some of the more
commonly used irrigation solutions; povidone-iodine (PI), chlorhexidine (CHG), acetic
acid (AA), hydrogen peroxide (HP), antibiotic irrigations, taurolidine, and

polyhexanide-betaine (PB)
SUMMARY OF THE EVIDENCE

Significant research has been performed on the prevention of PJI, including use of
intraoperative joint irrigation solutions. Several solutions have been theorized to aid in
infection prevention, but no evidence-based practice guidelines in this area of
orthopaedics have been established. There is a paucity of prospective randomized control
trials to compare the efficacy of these joint irrigation solutions.

CONCLUSIONS

The authors present a review regarding seven major categories of commonly used
intraoperative joint irrigation solutions. The current literature fails to demonstrate a
clear consensus for a preferred solution and concentration for povidone-iodine,
chlorhexidine, hydrogen peroxide, acetic acid, antibiotic irrigations, taurolidine, and
polyhexanide-betaine. Prospective, randomized control trials directly comparing these

different irrigation solutions are needed.

INTRODUCTION

Infections after total hip and total knee arthroplasty can
be extremely costly to the healthcare system in addition to
carrying significant patient morbidity and mortality.! The
current incidence of prosthetic joint infection (PJI) has been
reported to be approximately 1-3%.12 Although this is an
overall infrequent complication, the total number of future
infections are projected to grow due to the exponential in-
crease in total joint replacement that is expected over the
next decade.> While many complications in total knee
arthroplasty (TKA) are decreasing, comparatively, the inci-
dence of PJI remains unchanged.# The prevention and treat-
ment of PJI is a pressing priority in the field of arthroplasty.
Treatment for PJI can be quite morbid- requiring multiple
surgeries and time off work. Joint infections also decrease
patients’ quality of life and can lead to mortality.

Subacute and chronic PJI are particularly difficult to
eradicate due to development of biofilm. Biofilms are pro-
tective, microscopic, three-dimensional environments for
bacteria that are encased by an outer exopolysaccharide
layer.! Mature biofilm is present 3-6 weeks after inoculation
and forms on native tissue, metal components, cement, and
bone.! There are four stages of biofilm formation; attach-
ment, cell aggregation, biofilm maturation, and detach-
ment, where bacterial cells are shed and act as a nidus for
further infection and biofilm propagation.® Biofilm protects
the bacteria from antibiotics, antiseptics, and the host im-
mune response.’

No current technique has been proven to remove biofilm
from arthroplasty components. Pulse lavage with normal
saline does not eradicate biofilm from TKA components;
this was confirmed by using bioluminescent imaging in-
vitro.8 Explantation of the arthroplasty components and a
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thorough debridement with synovectomy is the only known
method to definitively clear the infection once a biofilm has
formed.! Single-stage and two-stage revision arthroplasty
are both viable treatment options.” Currently, in North
America, a two-stage revision is the more commonly uti-
lized technique.?

The prevention of PJI has been well-studied, including
publications on decreasing operating room traffic, periop-
erative antibiotic administration, effect of laminar flow op-
erating rooms, and patient optimization. Intraoperative ir-
rigation during total joint arthroplasty remains an
intriguing target. To date, several different irrigation solu-
tions have been studied. This paper will focus on some of
the more commonly used solutions; povidone-iodine (PI),
chlorhexidine (CHG), acetic acid (AA), hydrogen peroxide
(HP), antibiotic irrigations, taurolidine, and polyhexanide-
betaine (PB).

These solutions are used intraoperatively to theoretically
decrease the bacterial burden in the surgical wound prior
to closure. The primary goal is to decrease the number of
postoperative infections. Solution efficacy must be weighed
against safety as these solutions have varying cytotoxic ef-
fects on native human tissue.10-17

Postoperative infections are not a complication isolated
to joint arthroplasty and research into antiseptic irrigation
solutions is on-going in many different fields.!8 Without
validated, head-to-head, randomized controlled trials- it
is difficult to prove superiority of any given irrigation so-
lution. The purpose of this paper is to review, condense,
and consolidate the available research on various total joint
arthroplasty irrigation solutions.

SUMMARY OF THE EVIDENCE
POVIDONE-IODINE

Povidone-iodine is a chemical complex of povidone and tri-
iodide. It is an effective antiseptic with research in multiple
surgical subspecialties including urology, plastic surgery,
and general surgery.!8 Aqueous povidone-iodine is bacteri-
cidal. Free iodine radicals released from povidone polymer
complexes form an iodine solution that interferes with crit-
ical bacterial structures, including cell membranes and cy-
tosolic enzymes. It also oxidizes nucleotides and amino
acids.19 In contrast to various antibiotic and other antisep-
tic irrigations, PI not only destroys bacteria, but also in-
hibits the release of cell toxins and tissue-destroying en-
zymes. Resistance to PI has not yet been reported.29,21

The concentration and duration of exposure to PI must
be taken into consideration. There is a hypothetical risk of
iodine absorption into the bloodstream causing systemic
illness. A systematic review of level I and level II studies
concluded that PI was safe and effective as an intraopera-
tive irrigation to prevent surgical site infections.22 It failed
to demonstrate an increase in postoperative serum iodine.
There were no observed patient complications. Notably, 10
of the 15 studies demonstrated that PI was significantly
more effective at preventing surgical site infections (SSI)
than saline, water, or no irrigation.22

The chondrotoxic effects of PI are pertinent in the set-
ting of partial knee replacements and unresurfaced patel-

lae. Povidone-iodine is recommended to be diluted with
saline to a concentration of 0.35% and used as a soak or
lavage in the wound for three minutes.10-12

There is some evidence to suggest povidone-iodine ef-
ficacy in animal and in-vitro studies. In one study, rabbit
knees were implanted with stainless steel and polyethylene
components, and an acute Staphylococcus aureus infection
was induced.23 The knees were then irrigated with either
PI or normal saline. The study reported a significant de-
crease in the bacterial load in those knees irrigated with PI
when comparing the PI and saline cohorts. Cichos et al. di-
rectly compared the antiseptic activity of povidone-iodine,
Chlorhexidine, and vancomycin powder against seven dif-
ferent bacteria from titanium discs.24 The following anti-
septics were used; 1% PI, 0.05% CHG, and 5 ug/mL Van-
comycin.

These different antiseptics were exposed to the bacteria
coated titanium discs for zero-, three-, 30-, and 60-minute
intervals. Povidone-iodine was the only agent able to kill all
seven bacteria at all time intervals including zero minutes.
CHG was unable to kill methicillin-resistant Staphylococcus
aureus at zero and three minutes. This study concluded that
PI was superior to CHG and vancomycin in this setting.24

Povidone-iodine is also efficacious in eradicating me-
thicillin-resistant Staphylococcus aureus (MRSA). This viru-
lent strain remains one of the most difficult infections and
biofilms to eradicate. In-vitro studies show that PI killed all
isolates of MRSA within 30 seconds.25

Of all the irrigation solutions, PI has the highest volume
of published data in the field of arthroplasty. Following di-
lute 0.35% PI lavage before wound closure for primary TKA
and total hip arthroplasty (THA), postoperative prosthetic
infections in the first 90 days dropped significantly from
0.97% to 0.15%, p = 0.04.12 A randomized control trial of
457 patients undergoing primary TKA and THA compared
the development of PJI in Pl irrigation versus saline control.
The study utilized dilute PI lavage soak in addition to paint-
ing the skin edges at closure with 10% povidone-iodine.
The control group used 1L of normal saline irrigation. There
were eight infections (3.4%) in the saline group and only
one infection (0.4%) in the povidone-iodine group, p =
0.038.10

Not all publications support the use of PI. Large cohort
retrospective analysis of joint registry data of 11,738 pri-
mary, and 2,884 revision TKA and THA failed to show a
statistically significant benefit in using PI to prevent in-
fection.26:27 The primary outcome was rates of reoperation
due to infection at three- and 12-months status-post
arthroplasty.

Overall, although reports on efficacy remain mixed, di-
lute PI lavage is relatively inexpensive with minimal risk
of adverse effects.10-12 This has led to its recommendation
from several organizations to prevent infection. The Inter-
national Consensus Meeting Clinical Practice Guidelines in
2017 endorsed PI lavage. Other organizations such as the
Center for Disease Control and the World Health Organiza-
tion have given similar recommendations.28-30
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CHLORHEXIDINE

Chlorhexidine (CHG) is a biguanide (i.e., a Nitrogen and
Hydrogen-based organic) compound that exerts its antimi-
crobial effects by disrupting cell membranes and their con-
tents.31,32 CHG is known for having broad-spectrum an-
tibacterial coverage, persistent efficacy, and residual
activity due to its high affinity for binding to skin and mu-
cous membranes.31:32 For these reasons, it is commonly
used for surgical site prepping, hand washing, dental proce-
dures, and a wide range of disinfectant purposes. The Food
and Drug Administration (FDA) approved a surgical irriga-
tion composed of CHG and sterile water (Irricept, Irrimax).

Animal studies in cows and rats have not shown any
wound healing compromise, loss of soft tissue strength, or
decreased ability to produce healthy collagen.3334 How-
ever, prolonged exposure to CHG at high concentrations
can have deleterious effects.!3:14 Case reports of six native
knees that mistakenly had arthroscopies performed using
1% CHG instead of normal saline have been reported.!3 The
resultant outcomes were persistent pain, decreased range
of movement, and loss of joint space in all three compart-
ments.13

Additionally, an in-vitro study reported that compared to
eight other irrigations, CHG was found to be the most cyto-
toxic irrigation for fibroblasts (i.e., connective tissue forma-
tion), chondrocytes (i.e., cells responsible for the formation
of cartilage), and osteoblasts (i.e., bone development).14 No
known studies have proven CHG to be harmful to humans at
concentrations of 0.05%. However, until further safety stud-
ies have been performed, it should continue to be used with
caution.

Chlorhexidine is also efficacious in the treatment of
MRSA. Irrigation solutions were compared in their ability to
decrease in colony forming units (CFU) of MRSA. Titanium
discs were coated in a MRSA biofilm, and then scrubbed
with saline, bacitracin and saline, castile soap, povidone-
iodine, and chlorhexidine. They concluded that CHG was
superior at decreasing CFU.35 The same model was then
used to examine which concentration of CHG would be most
effective at decreasing CFUs. They found that 2% CHG was
the superior concentration.3¢ However, during this study
the biofilm was not completely eradicated. This would limit
its utility in treatment of PJI as arthroplasty components
with a persistent bacterial biofilm will likely see the infec-
tion recur at some point.37

Potential synergistic effects of CHG and hydrogen perox-
ide have been investigated with Staphylococcus aureus and
multiple Streptococcus species. Steinberg et al. exposed bac-
teria to CHG, Hydrogen Peroxide, and CHG plus HP, then
mean inhibitory concentrations were measured. The au-
thors found the combination of CHG and HP killed bacteria
at a lower concentrations than either solution alone.38

Chlorhexidine gluconate has some evidence suggesting
efficacy against biofilm production. One study investigated
the ability of commonly used antibacterial and antiseptic
solutions to disrupt biofilm.!5 They exposed the bacteria
to multiple concentrations of CHG (0.025%, 0.05%, 0.1%),
PI (0.35%, 1.0%, 3.5%, 10%), sodium hypochlorite (0.125%,
0.25%, 0.5%), and triple antibiotic solution (bacitracin
50,000U/L, gentamicin 80 mg/L, polymyxin 500,000 U/L) all

for one, five, 10 minutes, in triplicate. Failure to eradicate
all bacteria was defined as growth in any of the three repli-
cates at 21-day culture. Results demonstrated 0.05% and
0.1% CHG were the most effective at all exposure times.
Only 10% povidone-iodine was effective at all time inter-
vals. All other solutions failed at all concentrations and ex-
posures.15

A retrospective review of a single surgeon’s protocol with
CHG (0.05%) lavage vs PI (2%) was unable to identify a sig-
nificant difference in infection rate.3? There were no signif-
icant differences regarding wound healing, superficial sur-
gical site infections, and PJI. Further studies are warranted
to help identify a superior solution, concentration, and du-
ration of irrigation.

ACETIC ACID

Acetic acid is a colorless, organic liquid. It is one of the main
components of vinegar. It has many uses including as a food
preservative and as an antiseptic. Knowledge of its antisep-
tic properties’ dates back thousands of years. Hippocrates,
the “Father of Medicine” (c. 420 BC), described using AA
for wound healing and to treat infections.40 Acetic acid is a
weak organic acid that can be effective against gram-neg-
ative and gram-positive bacteria.#! It is commonly used to
treat burn victims by applying it topically or with acetic
acid-soaked gauze at concentrations of 1-5%. Pseudomonas
aeruginosa is a common biofilm in burn wounds that is par-
ticularly susceptible to acetic acid.3” Acetic acid has also
been used to treat otitis media (i.e., middle ear infection),
urinary tract infections, soft tissue ulcerations and
wounds.40

Studies suggest the potential of AA to eradicate biofilms.
One study investigated the efficacy of AA concentrations,
ranging from 0.16-0.31%, in their ability to eradicate com-
mon bacterial biofilms that present in patients with burn
wounds. All 29 biofilms which included gram negative and
gram-positive bacteria were eradicated within 3 hours.4!
Tsang et al. found quicker biofilm eradication at increasing
AA concentrations with minimum biofilm eradication con-
centration being 15%, 11%, 3.2%, and 0.8% following
10-minute, 20-minute, 180-minute, and 24-hour treat-
ments. 1 There is concern for corrosive effects on biological
tissues at AA concentrations exceeding 5%. However, at 3%
and 5% concentrations they reported a biofilm eradication
of 85.9% and 96.1% respectively. Due to these findings, the
authors hypothesized a benefit to using AA in the revision
arthroplasty setting.16

There is a paucity of literature on AA as an irrigation
solution. One safety study examined 23 patients undergo-
ing revision TKA who were treated with a 20-minute acetic
acid (3%) bath. The revision procedures ranged from single
stage, two stage, debridement antibiotics and implant reim-
plantation, and arthrodesis (i.e., fusion of adjacent bones).
Three of the 23 patients (13%) were re-infected at 18 month
follow up. They did not comment on re-infection data due
to lack of standardization of procedure and the high rein-
fection rate. During the 20-minute AA bath, the patients
remained hemodynamically stable.42 The high reinfection
rate of 13% does not indicate a clear benefit of using AA.
Additionally, a 20-minute irrigation bath is not practical
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intraoperatively, as other irrigation solution recommenda-
tions range from one to three minutes.

HYDROGEN PEROXIDE

Hydrogen peroxide is a pale blue liquid compound that acts
on bacteria though disruption of deoxyribonucleic acid
(DNA) synthesis through oxidation of proteins and mem-
brane lipids.3243 There are many theoretical benefits of its
use as an antiseptic. Additionally, HP can help decrease
bacterial load when used synergistically with other antisep-
tic agents.

A combination HP and PI irrigation protocol during sin-
gle stage revision arthroplasty has been reported.* Their
protocol consisted of 12L of saline irrigation followed by ir-
rigation with 200mL of 3% hydrogen peroxide followed by
200mL of 1% povidone-iodine, in addition to antibiotic ce-
ment and antibiotic pellets. They reported zero recurrence
of infection in their 11 hips and 28 knees at five and six-
year follow-up. These results support the synergistic effect
of povidone-iodine and hydrogen peroxide. The increased
efficacy is attributed to the effervescence (i.e., formation of
“bubbles”) of HP which is able to mechanically disturb the
biofilm, allowing for the PI to work more efficiently.

Additional in-vitro studies have suggested potential syn-
ergy with iodine and hydrogen peroxide. Three solutions,
HP alone, PI alone, and HP in conjunction with PI, were
applied to cultivated bacteria and yeast. When given sep-
arately, the solutions were bacteriostatic in three bacterial
and 16 yeast species. However, when given in combination,
the solutions were bactericidal.4®

The dental literature boasts similar synergy with HP and
CHG. When used in combination, these two antiseptics
were more effective in killing Staphylococcus faecalis and
Staphylococcus sobrinus in a test tube environment.38
Chlorhexidine gluconate is thought to damage the cell wall
of bacteria allowing HP easier access and enhancing its abil-
ity to disrupt DNA synthesis.32

When examining the literature, it is common to see HP
in combination with other antiseptics, but isolated use in
clinical practice is scarce. Spine literature supports the use
of combination HP irrigation. In one study of approximately
1,000 surgical cases, SSI rates were compared between pa-
tients treated with HP/PI combined irrigation versus a no ir-
rigation control. The irrigation protocol consisted of 10mL
of 10% PI, 1mL of 3% HP, and 5mL of sterile water. The sur-
gical site was flooded with solution, and after one minute
the solution was washed out by copious normal saline to
minimize the risk of toxicity. Zero infections out of 490
cases were reported in the HP/PI group, compared to seven
deep infections (1.5%) reported out of the 460 cases in the
control group.!”

Concerns regarding possible side effects of hydrogen
peroxide include wound healing complications, toxicity to
tissues, and embolic (i.e., blocking of an artery) events. Hy-
drogen peroxide is contraindicated in spinal surgery in the
setting of dura (i.e., layer of connective tissue of the
meninges of the brain) tears.1” One mL of hydrogen perox-
ide can generate 10mL of oxygen, creating a space occupy-
ing hazard, and posing a risk for air embolism.#® This raises
safety concerns during the cement pressurization of a femur

during total hip arthroplasty. There are several case reports
in the THA literature that describe HP irrigation of femoral
canals before cement pressurization followed by immediate
cardiac arrest, attributed to the development of an air em-
bolism.#7 The use of hydrogen peroxide as a standalone or-
thopaedic irrigation is not supported in the literature; how-
ever, HP in combination with PI or CHG is promising and
deserves further study.

ANTIBIOTIC SOLUTIONS

Perioperative intravenous antibiotics are paramount in the
prevention of infection in arthroplasty. Cephalosporins are
the “gold standard” recommended agent by the American
Academy of Orthopaedic Surgeons.48 Vancomycin also has
its role in the setting of penicillin anaphylaxis or a history
of multidrug resistant infections.4? Antibiotic solutions for
irrigation have been analyzed across many different spe-
cialties. Despite many authors’ interests, no study has suc-
cessfully proven the ability of antibiotics solutions to pre-
vent PJI. Ideally, surgeons could select antibiotic solutions
based on known or suspected pathogens.

Goswami et al. compared the efficacy of eight different
irrigation solutions including: povidone-iodine 0.3%, CHG
0.05%, saline 0.9%, vancomycin 1g/L, gentamicin 80 mg/
L, castile soap 0.45%, polymyxin 500,000 U/L/bacitracin
50,000 U/L. Staphylococcus aureus and Escherichia coli
broths were primed on 96-well plates and exposed to each
irrigation for time intervals of one and three minutes. Bac-
tericidal activity was measured alongside cytotoxicity to
human fibroblast, osteoblast, and chondrocyte cells.

The study reported bactericidal inferiority of polymyxin/
bacitracin to povidone-iodine and CHG.14 The polymyxin-
bacitracin solution was ineffective at eradicating Staphylo-
coccus aureus and Escherichia coli. Conversely, povidone-io-
dine and chlorhexidine proved to be effective against both
pathogens. However, chlorhexidine demonstrated statisti-
cally significant cytotoxicity, 49.38 +/- 0.80%, p < 0.0001,
to all three human cells tested when compared to the other
solutions. Their triple antibiotic solution of bacitracin
50,000U/L, gentamicin 80 mg/L, polymyxin 500,000 U/L
failed to demonstrate efficacy against biofilms at all con-
centrations and exposures. Exposures were for one, five,
and 10 minutes. Failure to eradicate all bacteria was defined
as growth in any of the three replicates at 21-day culture.!>

Anglen et al. investigated the efficacy of various antibi-
otic irrigations at decreasing the number of bacteria left
on orthopaedic screws. A high-powered spray consisting
of bacitracin, neomycin, saline, and soap were blasted on
3.5mm orthopaedic screws coated in different bacterial
species. The screws were then sent for sonication to eval-
uate how much bacteria were remaining. Bacitracin and
neomycin proved no better than saline. Saline has been
proven clinically ineffective at removing bacterial biofilm.50
Soap was superior to all solutions.>? However, all solutions
were an improvement compared to the control group which
consisted of bacteria-coated screws with no intervention.

Orthopaedic trauma literature also demonstrates no
benefit of antibiotic irrigation. Anglen published a prospec-
tive randomized study comparing the use of bacitracin so-
lution versus a non-sterile castile soap solution in patients
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with lower-limb open fractures. No statistically significant
difference was demonstrated between groups when com-
paring infection rates, p = 0.2. However, the author did re-
port a possible risk of wound healing complications in the
bacitracin group.>!

A meta-analysis of wound irrigation solutions utilized in
general surgery analyzed 21 randomized controlled trials,
consisting of intraoperative intraperitoneal, mediastinal,
and incisional wound irrigation. The primary outcome was
surgical site infections. The different antibiotics consisted
of cefamandole nafate, tetracycline, gentamicin with clin-
damycin, ampicillin, cefotaxime, and cephradine. The non-
antibiotic irrigations included povidone-iodine, saline and
taurolidine. The authors concluded that there was no sig-
nificant decrease in infection rate when using any of the
antibiotic solutions in the abdomen, mediastinum, or in-
cisional wounds. They did report that povidone-iodine
showed significant benefit in reducing SSI.52

TAUROLIDINE

Taurolidine is a synthetic product derived from the
aminosulfonic acid, taurine. The active metabolites of tau-
rolidine bind to the bacterial cell wall. Chemically reactive
hydroxymethyl groups occupy binding sites to induce dam-
age to the cell wall of the bacterial surface in gram positive
and gram-negative bacteria such as Escherichia coli and
Streptococcus pyogenes.>3 Taurolidine has antimicrobial and
antifungal properties and has been widely used for sealing
central line catheters and hemodialysis catheters to prevent
infection and bacteremia. It has also been used clinically to
treat peritonitis. Further studies are also examining its anti-
neoplastic (i.e., ability to prevent tumor growth) properties.

Taurolidine was studied in a retrospective review of 300
patients irrigated with 2% taurolidine during a TKA versus
a control group of 300 TKA patients who did not receive
irrigation. The authors compared postoperative C-reactive
protein (CRP) and erythrocyte sedimentation rates (ESR) as
well as infection rate in both groups. The taurolidine group
did not show any significant difference in CRP or ESR. The
single TKA infection seen in the 600 patients occurred in
the taurolidine group.54 The results of this study do not
support the use of taurolidine to prevent infection in hip
and knee arthroplasty.

POLYHEXANIDE-BETAINE

Polyhexanide-betaine is a combination product used as an
irrigation solution and wound care solution. It is available
in a 0.1%/0.1% combination product (Prontosan, Braun).
Polyhexanide is a broad-spectrum antiseptic and preserv-
ative that interferes with the bacterial cell membrane and
leads to disruption via increased permeability.55 Betaine is
a surfactant, which reduces surface tension and aids in de-
bridement.5>

While PB has shown efficacy for biofilm eradication in
wound care, there remains a paucity of literature on in-vivo
use for total joint arthroplasty. Davis et al. demonstrated
MRSA biofilm eradication in porcine wounds with 97.85%
and 99.64% bacterial load reduction at 3- and 6- day inter-
vals.5¢ An in-vitro study of kill time for different planktonic

bacterial cells revealed PB time to eradication of 90 sec-
onds for Staphylococcus aureus and Staphylococcus epider-
midis and 120 seconds for Cutibacterium acnes.>” Polyhexa-
nide-betaine shows promise as an irrigation solution with
good evidence for its efficacy in in-vitro an animal stud-
ies but warrants further investigation for use in total joint
arthroplasty.

The advantages and disadvantages of different irrigation
solutions are summarized (Table 1). This table is not all-in-
clusive, rather serves as a visual to compare irrigation solu-
tions in the setting of current published literature.

CONCLUSIONS

Prosthetic joint infections remain a devastating complica-
tion in total joint arthroplasty. Irrigation solutions have
been increasingly studied as an intraoperative measure to
help prevent PJI. The current literature fails to demonstrate
a clear consensus for a preferred solution and concentra-
tion. Prospective, randomized control trials directly com-
paring different irrigation solutions are needed. An ideal ir-
rigation solution would be both efficacious and safe. If a
solution were discovered or developed that could reliably
eradicate bacterial biofilm, the prevention and treatment of
PJI could be revolutionized. Current literature of povidone-
iodine, chlorhexidine, hydrogen peroxide, acetic acid, an-
tibiotic irrigations, taurolidine, and polyhexanide-betaine
are mixed. Further studies, including comparative in-vivo
studies, are warranted.
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Table 1. Comparison of Intraoperative Joint Irrigation Solutions

Solution

Advantages

Disadvantages

Povidone-iodine

Inexpensive, no induced bacterial
resistance

Chondrotoxicity at high concentrations, theoretical systemic
iodine toxicity

Chlorhexidine

Broad spectrum antibacterial coverage

Chondrotoxicity

Acetic acid Broad spectrum antibacterial coverage Poorly studied

Hydrogen Appears to be synergistic with other Wound healing concerns and theoretical risks of increased
peroxide solutions embolic events

Antibiotic Ability to personalize treatment No proven efficacy

solution

Taurolidine Antimicrobial and antifungal properties No proven efficacy

Polyhexanide-
betaine

Broad spectrum, no induced bacterial
resistance

Concerns for chondrotoxicity, limited in-vivo evidence

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-
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