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ABSTRACT

Dilute povidone-iodine (polyvinylpyrrolidone iodine [PVP-I]) irrigation in
spine surgery and total joint arthroplasty has seen a rapid and
substantial increase in its use during the past decade. Yet, most
surgeons do not know the chemistry and biochemistry that explain its
efficacy in preventing infections. PVP-I forms a complex with
molecular iodine (12), facilitating the delivery of 12 to the membrane of
the infectious organism. Here, PVP-| establishes an equilibrium
between complexed and noncomplexed (free) 12 in the aqueous
solution. The 12 acts at numerous cellular targets of infecting
organisms augmenting its role as a biocidal molecule. The paradoxical
increase in the concentration of 12 that occurs with dilution of PVP-1 is
a result of equilibrium kinetics and is associated with an enhanced
antimicrobial activity. Cytotoxicity studies have yielded conflicting
results, but most endorse diluted concentrations as being less
damaging to tissues. Clinical studies have verified notable reductions
in surgical site infections with a 3-minute soak of 0.35% dilute
povidone-iodine irrigation. Guidelines from the World Health
Organization, Centers for Disease Control and Prevention, and
International Consensus Meeting on Musculoskeletal Infection
support the use of prophylactic incisional wound irrigation with
aqgueous PVP-I to reduce and prevent surgical site infections.

odine has been applied as a disinfectant since the mid-nineteenth century.

It is currently used for preoperative/preprocedural skin preparation of

the patient, for disinfection of the hands of the surgical team, and as a
prophylactic intraoperative incisional wound irrigant (pIOWI). In ortho-
paedic surgery, antiseptic pIOWI has increased substantially in the sub-
specialties of total joint arthroplasty (TJA) and spine surgery (Figure 1).!
The protocols used for an antiseptic pIOWI with povidone-iodine (referred
to colloquially as a Betadine bath, Texas tea, home brew) are varied, but
most surgeons use an on-site dilute povidone-iodine preparation because of
its anticipated increased bactericidal activity and lower toxicity. This
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Dilute Povidone-lodine Irrigation

Figure 1
Use of Povidone-lodine Irrigation Protocol
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Graph demonstrating the percentage of revision total hip and
revision total knee arthroplasties in which the dilute
povidone-iodine irrigation protocol was used at Mayo Clinic
from 2013 to 2017 (Reproduced/adapted with permission
from Hart A, Hernandez NM, Abdel MP, Mabry TM, Hanssen
AD, Perry Kl: Povidone-iodine wound lavage to prevent
infection after revision total hip and knee arthroplasty: an
analysis of 2884 cases. J Bone Joint Surg Am
2019;101(13):1151-1159). Adaptations are themselves works
protected by copyright. So in order to publish this adaptation,
authorization must be obtained both from the owner of the
copyright in the original work and from the owner of copyright
in the translation or adaptation.

increased bacterial killing is caused by a paradoxical
increase in molecular iodine (I2), the active biocide.
Concerns have been expressed regarding on-site dilu-
tions because they ignore the substantiveness of
chemical equilibrium kinetics related to the biocidal
efficacy of povidone-iodine compounds. This can cause
large variations in the concentration of I2 and may
explain inconsistencies in some of the clinical and
preclinical results. In addition, sterility issues have been
identified when the on-site povidone-iodine is acquired
from a nonsterile container, and therefore, this tech-
nique is not recommended. However, the use of sterile
aqueous povidone-iodine solution as a plOWI to pre-
vent surgical site infections (SSIs) is endorsed by the
World Health Organization and Centers for Disease
Control and Prevention.

lodine Chemistry and Biochemistry

In mammals, iodine is present in vivo in several distinct
forms including iodide, organically bound iodine, and
molecular iodine (synonymous with “free” or unbound
iodine, noncomplexed iodine, elemental iodine,
diatomic iodine, or 12).2 In chemistry, iodide is a

hydrophilic monoatomic ion and iodine (I2) is an ele-
mental diatomic molecule that is hydrophobic. Todide is
a nutritional requirement (Recommended Dietary
Allowance for adults between 100 and 200 pg) that is
absorbed from the blood and concentrated in the thy-
roid gland where it is oxidized to form 12 by thyroid
peroxidase. Both 12 and hypoiodous acid, created by the
reaction of 12 with water, are responsible for iodination
of thyroglobulin-bound tyrosines. This iodination then
leads to formation of the 2 thyroid hormones (thyroxine
and thyroglobulin) that are important in regulating
metabolism.3*

Lugol Solution

Soon after the discovery of a new substance in seaweed
ash by Bernard Courtois in 1811 and its subsequent
identification as a new element in 1813, iodine’s poten-
tial medical uses as a tincture and topical antiseptic were
applied. Lugol solution was developed in 1829 by a
French physician Jean Guillaume August Lugol who
used iodine extensively for topical application and oral
administration in medical settings.’ It is a mixture of 12
and potassium iodide in distilled water. It contains
approximately 170 ppm of 12 but also contains other
iodide species including tri-iodide (I3-). This tincture of
iodine was used for traumatic wound disinfection up
until and including the First World War. The idea that 12
in Lugol solution is responsible for skin staining and
irritation has been widely held for over a century;
however, there are no controlled data to support this
assumption. In fact, a recent investigation demonstrated
that the tri-iodide ion and not 12 was responsible for the
cytotoxicity.®”

lodophors

Iodophors are formulations containing iodine com-
plexed with a solubilizing agent (carrier) such as water-
soluble polymers. They are highly acidic compositions
that provide a small concentration of the active biocide,
that is, unbound or free 12.8 Complexation of 12 is used
to stabilize it in an aqueous environment.” The small
amount of unbound or free 12 is in equilibrium with the
large concentrations of iodide/tri-iodide ions and with
the polymers that complex it.'® Polyvinylpyrrolidone-
iodine (PVP-I, synonymous with povidone-iodine
[PVI]), first introduced in 1956, is an iodophor anti-
septic widely used in health care. Structurally, povidone-
iodine consists of protonated PVP units that are linked
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together by hydrogen bonds and incorporate iodide/tri-
iodide anions (Figure 2). A 10% povidone-iodine
solution, an example being the brand name Betadine,
generally contains 90% water, 8.5% PVP (carrier), and
1% available iodine, although substantial variability in
formulations exist between different manufacturers. The
US Pharmacopeia analytical standards accept a 35%
variation in available iodine, so a 10% povidone-iodine
product can have between 85% and 120% of the
labeled iodine concentration. It is also important to note
that the labeled concentration of “iodine” in iodophors
is unrelated to the active biocide I2 concentration. These
1% available iodine molecules in a 10% povidone-
iodine solution (approximately 10,000 ppm available
iodine) take the form of 9 different chemical equilibria

Figure 2
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lllustration demonstrating the PVP-I (povidone-iodine)
complex serving as a carrier and as a reservoir for molecular
iodine (12). When noncomplexed 12 is removed from the
solution as it penetrates and disrupts the pathogen
membrane, it is replaced by 12 released from the tri-iodide
that diffuses off the PVP-I complex because of equilibrium
kinetics (Reproduced with permission from 12Pure).

John P. Meehan, MD

producing at least 10 separate iodine species, including
only 3-5 parts per million (ppm) or 0.0003% to
0.0005% of the active biocide 12'" To gain a per-
spective, based on an Recommended Dietary Allowance
of 125 pg/d for iodide, the follicular lumen of the thy-
roid gland converts 6.25 wg iodide/hour into 12 in a
volume of approximately 7.5 mL, which equates to
generating approximately 900 ppm 12/hr, which is
about 2 orders of magnitude (x100) higher than the 12
concentration found in the commonly used antiseptic
PVP-L7

Unique Biocidal and Antimicrobial
Properties of 12

Berkelman etal'? were the first to describe a paradoxical
increase in bactericidal activity of dilute preparations of
povidone-iodine. They hypothesized that the concen-
tration of “free” or unbound 12 in solution was the main
source of the biocidal activity in povidone-iodine, and
within a range of dilutions, the 12 levels increased,
reaching approximately 25 ppm at 0.1% (Figure 3).
This was thought to be related to the equilibrium
between bound and unbound iodine with the carrier
PVP. Indeed, PVP is one of many carriers that yield a
complex equilibrium of chemicals that provides a rela-
tively low concentration of the active biocide of 12. The
bactericidal mechanism of action has subsequently been
shown to be the delivery of the iodine species 12 by the
PVP-I carrier to the bacterium cell, where the 12 diffuses
off the carrier and oxidizes fatty/amino acids, nucleo-
tides, and cytosolic enzymes in the respiratory chain,
causing them to become denatured and deactivated'3-14
(Figure 4). The result is a simultaneous action against
multiple molecular targets, which accounts for the lack
of resistance to iodine.!> Hence, iodophors containing
12 have a broad antimicrobial spectrum with activity
against gram-positive and gram-negative bacteria,
including antibiotic-resistant and antiseptic-resistant
strains, fungi, and protozoa. They are also active
against a wide range of enveloped and nonenveloped
viruses and some bacterial spores with increased
exposure time. !¢

Gottardi et al also verified that the biocidal efficacy
of germicidal antiseptics was proportional to the con-
centration of 12, showing that iodophors with lower
total iodine concentrations (available iodine) but high
levels of 12 killed Staphylococcus aureus and spores of
Bacillus subtilis more rapidly than nondilute Betadine,
which contains low levels of 12.6 This confirmed the
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Figure 3

Povidone-lodine Solutions
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Graph demonstrating paradoxical increase in 12 (free iodine or molecular iodine) in dilute povidone-iodine aqueous solutions
(Reproduced/adapted with permission from Zamora JL: Chemical and microbiologic characteristics and toxicity of povidone-iodine
solutions. Am J Surg 1986;151:400-406). Adaptations are themselves works protected by copyright. So in order to publish this
adaptation, authorization must be obtained both from the owner of the copyright in the original work and from the owner of copyright in
the translation or adaptation.

In additional research, Gottardi demonstrated that 12,
but not the other species of iodine found in iodine-based
disinfectants, diffuses into skin and provides a prolonged

frequently observed positive correlation between the
concentration of I2 and the rate of microbial kill
(Figure 5).°

Figure 4
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Image demonstrating the active moiety 12, oxidizing pathogen nucleotides and fatty/amino acids and thus disrupting the pathogen
membrane and deactivating proteins and DNA/RNA (Adapted by 12Pure, licensed under the Creative Commons Attribution-Share-Alike
4.0 international licenses/by/4.0/). Adaptations are themselves works protected by copyright. So in order to publish this adaptation,
authorization must be obtained both from the owner of the copyright in the original work and from the owner of copyright in the
translation or adaptation.
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Figure 5
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Plot demonstrating correlation of S aureus survival data with
the concentration of 12 and length of exposure (Reproduced/
adapted with permission from Berkelman RL, Holland BW,
Anderson RL: Increased bactericidal activity of dilute
preparations of povidone-iodone solutions. J Clin Microbiol
1982;15(4):635-639).

biocidal effect because of a dynamic back-diffusion of 12
from treated areas.!” 12 partitions into the fatty tissue of
the hypodermis when applied to skin and then slowly
back-diffuses out, delivering a biocidal iodine atmosphere
in, on, and at the surface (Supplemental Digital Content
1, Video 1: molecular iodine and its interaction with skin
[epidermis, dermis, hypodermis]).

Residual 12 activity from the back-diffusion associated
with topical 12 was recently reinforced by Freeman et al.”
They observed an outgassing from pig skin for 3.3 hours
after being treated with 66,000 ppm of 12 compared with
4 hours for porcine hypodermis tissue treated directly with
15,200 ppm of I2. They hypothesized that the lipophilic 12
is absorbed into regions of unsaturated lipid in the
hypodermis, from which it back-diffuses out for a period
related to concentration and exposure time.

Biofilm

Biofilms can be defined as microbial aggregates irre-
spective of attachment to a biotic or abiotic (implant)
surface.'® These bacteria colonies exist in free-floating
and surface-associated forms and are known for an
increased antibiotic tolerance and the presence of an
extracellular polymeric substance. The extracellular
polymeric substance is a hydrogel-like matrix that en-
cases the cells in a biofilm and includes proteins, lipids,
nucleic acids (extracellular DNA), and polysaccharides.

John P. Meehan, MD

The use of povidone-iodine in treating biofilms, as
either a topical application or part of an iodophor
dressing, has been well documented in the literature.
Human studies conducted in various settings have es-
tablished the effectiveness of povidone-iodine in
reducing the bacterial loads in both acute and chronic
wounds.19-22

Investigations into the use of dilute povidone-iodine
and its paradoxical increase in 12 concentrations have
been conducted in both in vitro settings and animal
models of implant-related infections and biofilms.
Oduwole et al?? studied the antibiofilm activity of
subinhibitory povidone-iodine concentrations against
Staphylococcus epidermidis and Staphylococcus aureus.
Using a minimum inhibitory concentration of 1.4%
povidone-iodine, they tested the effect of serial twofold
dilutions (0.17%, 0.35%, 0.7%) on the development of
staphylococcal biofilms. In addition to inhibiting
growth of S epidermidis and S aureus reference strains
and isolates from prosthetic joint infections, subinhibi-
tory concentrations of povidone-iodine also suppressed
S epidermidis and S aureus biofilm development at least
in part by repressing transcription of the icaADBC
operon (responsible for polysaccharide intercellular
adhesion). In a separate study, Gilotra et al®* investi-
gated the effectiveness of a dilute Betadine lavage pro-
tocol (3.5%) compared with normal saline lavage in a
rabbit knee model of acute prosthetic joint infection.
The knees irrigated with dilute Betadine exhibited a
notable reduction in bacterial counts on metal implants
(20-fold decrease) and 10-fold decrease in polyethylene
implant-related counts, supporting the antibiofilm effi-
cacy of the dilute Betadine lavage protocol.

Povidone-lodine (Betadine) Dilution

van Meurs et al>® hypothesized that the ideal irrigation
solution should maximize antimicrobial effects while
minimizing cytotoxicity (achieving a high therapeutic
index) during the brief exposure time (2 minutes) typi-
cally used in surgical procedures. Their in vitro research
sought to identify an antiseptic dilution that minimized
cytotoxicity at the minimal bactericidal concentration
(MBC). They observed a steep dose-response curve for
bacterial killing with povidone-iodine, starting at 1 g/L
and reaching the MBC for all strains of bacteria tested at
approximately 1.32 g/L, a 75-fold dilution of the
standard concentration of 100 g/L. They concluded that
povidone-iodine at a dilution of 1.3 g/ (MBC of S
aureus, S epidermidis tested: 1.32 g/L) was the preferred
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Dilute Povidone-lodine Irrigation

irrigation solution. This finding advocated for a more
dilute solution than in previous clinical studies that used
povidone-iodine diluted to a 0.35% concentration
(=35 g/L).

Nuckolls examined the complex chemistry behind
povidone-iodine dilution into water or saline and cau-
tioned against the routine performance of on-site dilu-
tion of commercial 5-10% povidone-iodine solutions.?®
He determined that the on-site dilution of povidone-
iodine, such as that done intraoperatively when
povidone-iodine is mixed with saline or water, com-
pared with a manufactured dilution, can negatively
affect the biocidal potency and stability of I12. This is due
to perturbations in the chemical equilibria of the
numerous iodine fractions (including 12) in aqueous
solution that are caused by pH changes with water and
saline dilution.

Different commercial preparations of povidone-
iodine can also affect changes in the concentration of
I2 because of the iodine-complexing properties of the
various additives and surfactants. A comparison of 10
commercially available povidone-iodine antiseptics
marketed as containing 10% povidone-iodine and 1%
available iodine exhibited a range of 0.2 to 10 ppm of
12.27 Because of a possible range of 2 orders of mag-
nitude in the concentration of 12 before dilution, vari-
ability in bactericidal activity is almost certain to occur
with dilution.

Despite the uncertainties related to the amount of 12
thatis generated by an on-site dilution, any increase in 12
levels resulting from a diluted PVP-I concentration
should provide an enhanced bactericidal activity and
less tissue toxicity.

Potential Cytotoxicity

Research examining the potential cytotoxicity of
povidone-iodine-based formulations in musculoskeletal
tissues has yielded conflicting results. Some studies
report negative effects, including toxic injury to cells,
while others describe beneficial effects and anabolic
cellular activities. Most of these investigations have been
in vitro cell culture studies, which inherently struggle to
replicate the complex biologic processes that occur in
living tissues. For example, von Keudell et al explored
the effects of dilute povidone-iodine on articular carti-
lage and found a strong correlation between chon-
drocyte viability in the superficial layer and both the
duration of exposure and concentration of povidone-
iodine. Notably, the most diluted concentration studied,

0.35% povidone-iodine, which has a higher 12 con-
centration, showed the least cytotoxic effect.?®

Conversely, Newton Ede et al>® examined the in vitro
effects of dilute povidone-iodine (0.35%) on osteoblasts
and concluded that “PVI has a rapid and detrimental
effect on human osteoblast cellular proliferation, met-
abolic function, and bone nodule mineralization.”

Liu et al used human primary osteoblasts, fibroblasts,
and myoblasts in cell culture and subjected them to var-
ious concentrations of povidone-iodine (0%, 0.001%,
0.01%, 0.1%, 0.35%, 1%) for 3 minutes. They con-
cluded that concentrations of PVI used in irrigation
protocols in spine surgery (0.35%) exerted a cytotoxic
effect and inhibited migration of these cell lines, but that
povidone-iodine in concentrations of less than 0.1% did
not have a negative effect on cell survival or migration.3?

Jiang et al used cells isolated from human joint tissue,
including cartilage-derived progenitor cells, subchondral
bone-derived osteoblasts, and bone marrow—derived
mesenchymal stem cells. They concluded that “the bio-
compatibility and pro-osteogenic effects of
concentration PVP-I on cells from joint tissue in vitro
and the enhanced subchondral bone formation in low-
concentration PVP-I-treated scaffolds in an in vivo rabbit
model provided important new insights into the use of
PVP-I for osteochondral defect repair.”3!

In a different analysis evaluating the effects of PVP-I
on tendon-bone healing, also in an in vivo rabbit model,
Zhang et al3? found that dilute PVP-I at 100uM was
osteoinductive and that it promoted bone-tendon
healing by osteogenesis.

Although in vitro studies with povidone-iodine have
shown disparate results depending on the experimental
conditions, a common finding is that diluted povidone-
iodine is less toxic than nondiluted, thereby providing
indirect evidence that 12 is not the cytotoxic iodine
species.

low-

Clinical Science/Studies

The practice of including povidone-iodine as an antiseptic
irrigation solution in surgery first emerged in the litera-
ture in the 1970s, and primarily in patients undergoing
abdominal, genitourinary, and cardiothoracic proce-
dures. After the recognition of a paradoxical increased
bactericidal activity of dilute povidone-iodine prepara-
tions by Berkelman et al in 1982, articles describing the
use of dilute povidone-iodine irrigation in surgery began
to appear. Throughout the 1980s and 1990s, the number
of journal articles with dilute povidone-iodine
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formulations as an intervention increased considerably,
expanding into the disciplines of ophthalmology; neu-
rosurgery; and ear, nose, and throat.

A 2007 meta-analysis in the Canadian Journal of
Surgery identified 15 studies from 1977 to 2005 that
evaluated the efficacy of povidone-iodine irrigation to
prevent SSIs.33 A total of 15 studies were included with
varying povidone-iodine dilutions (10% PVP-I, 1%
PVP-1, 0.5% PVP-I, 0.35% PVP-I) in the intervention/
treatment groups. Among these, 11 randomized control
trials (RCTs) provided high-quality evidence, with 3
studies offering level 1 evidence and 8 providing level 2
evidence. Of all the studies, 10 demonstrated that
povidone-iodine irrigation was markedly more effective
at preventing SSIs compared with using saline, water, or
no irrigation at all.

In the field of orthopaedic surgery, a clinical investi-
gation using intraoperative, dilute Betadine irrigation
was first reported in the spine literature in 2005. Cheng
et al3* conducted a RCT of 414 consecutive patients
undergoing spinal surgery. Surgical procedures included
decompression, fusion, and fixation for degenerative
scoliosis or stenosis, fixation for traumatic spinal frac-
ture, diskectomy for disk prolapse, and excision with
fixation for spinal metastatic lesions. In the group with a
0.35% dilute Betadine soak for 3 minutes, there were
0 superficial or deep infections (of 208), compared with
1 superficial infection and 6 deep infections (of 206) in
the control group with normal saline irrigation. This
resulted in a significantly worse deep infection rate and
total infection rate (P = 0.0146 for deep infection rate
and P = 0.0072 for total infection rate) in the control
group.

After this, Chang et al3> completed a similar RCT in
2006 that included 244 consecutive patients and 435
patients with primary
posterolateral fusion levels for degenerative spinal dis-
order. Group 1 (0.35% dilute povidone-iodine irrigation)
consisted of 120 patients (212 fusion levels), and group 2
(normal saline irrigation) consisted of 124 patients (213
fusion levels). 0 infections in group 1 patients and 6 in-
fections in group 2 were observed, for a statistically
significant difference (P = 0.029). No difference in spine
fusion was achieved between the groups suggesting the
minimal or absence of a negative cytotoxic effect from the
0.35% dilute povidone-iodine irrigation.

In TJA, Della Valle et al in 2012 conducted a retro-
spective analysis that included 1,862 cases (630 total
hip arthroplasties [THAs] and 1,232 total knee ar-
throplasties [TKAs]) done using a normal saline lavage
protocoland 688 cases (274 THAs and 414 TK As) after

instrumented lumbosacral

John P. Meehan, MD

instituting a 0.35 % dilute Betadine lavage protocol that
was based on the protocol described by Cheng
etal.3*3¢ A prosthetic joint infection (PJI) developed in
18 of 1,862 TJAs before the use of 0.35% dilute Be-
tadine lavage versus 1 of 688 TJAs after adopting the
protocol, for a significant difference (P = 0.018). A
noteworthy difference from the spine studies was the
use of a 10% Betadine paint with a sponge stick before
skin closure in the 0.35% dilute Betadine lavage
group.

In a 2020 follow-up publication, Della Valle et al
conducted a RCT of aseptic revision TJAs.3” A total of
457 patients were included, with 234 patients (153
knees and 83 hips) in the normal saline lavage group and
223 (144 knees and 79 hips) in the 0.35% dilute
povidone-iodine lavage group. They recorded 8 PJIs in
the saline group and 1 PJIin the 0.35% dilute povidone-
iodine group (3.4% versus 0.4%, P = 0.038). Similar to
their previous study, in the 0.35% dilute povidone-
iodine lavage cohort, the wound edges were painted
with 10% povidone-iodine with a sponge stick before
closure.

2 large studies published in 2019 from the Mayo
Clinic Joint Replacement Database, one analyzing
11,738 primary hip and knee arthroplasties and the other
analyzing 2,884 revision hip and knee arthroplasties, did
not find a benefit to dilute povidone-iodine irrigation
(0.25%) versus no dilute povidone-iodine irrigation.
Both investigations were retrospective with level 3 evi-
dence.!38 A separate retrospective study, also with level
3 evidence, from the Rothman Institute in 2022 ana-
lyzed 31,331 cases from their institutional registry. They
reported 8,659 surgeries irrigated with dilute povidone-
iodine (0.30%) and 22,672 irrigated with sterile saline
and water before closure. They described an absolute
risk reduction of 0.73% for prosthetic joint infection
and 2.34 times lower rate of PJI (0.6% versus 1.3%).3°
The disparate outcomes across these 3 registry inves-
tigations potentially stem from different parameters
used in propensity score modeling and potential
surgeon bias.

The World Health Organization and US Centers for
Disease Control and Prevention have issued clinical
practice guidelines recommending the use of prophylac-
tic incisional wound irrigation with a sterile aqueous
povidone-iodine solution to prevent SSIs.*9-4> Further-
more, during the second International Consensus
Meeting on Musculoskeletal Infection, experts over-
whelmingly agreed, with a “super majority, strong
consensus,” on the benefits of using dilute povidone-
iodine for wound irrigation in surgical procedures.*3
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Conclusion

The evidence for including iodine as part of the antiseptic
principles in surgery continues to strengthen. A recent
systemic review and network meta-analysis concluded
with a high certainty of evidence that pIOWI with an
aqueous antiseptic solution was associated with the
reduction of SSIs.** Of 32 studies that compared anti-
septic irrigation with either antibiotic irrigation or
saline, 22 included povidone-iodine and 18 of these
were RCTs. The author described serious concerns
regarding antimicrobial resistance with antibiotic irri-
gation and confirmed that no signs of resistance to
iodine have been shown.

The use of dilute povidone-iodine as an antiseptic in a
pIOWI protocol has increased dramatically in ortho-
paedic surgery during the past decade. Its efficacy is
attributed to the chemistry of 12 and its role as an active
biocide and antimicrobial agent. The paradoxical
increase in 12 that occurs with dilution of povidone-
iodine is well established. The germicidal properties of
12 formulated in a topical iodine-based composition,
augmented by the phenomenon of back-diffusion or
outgassing from the hypodermis and dermis after
application, was validated by the PREPARE (A Prag-
matic Randomized Trial Evaluation Preoperative
Alcohol Skin Solutions in Fractured Extremities) study
in orthopaedic trauma.*

Because the amount of 12 is not specified in a com-
mercially prepared povidone-iodine preparation, an
exact recommendation regarding the ideal dilution that
provides the maximum therapeutic index is not possible.
Current knowledge supports a range of 0.01% to 1.0%
povidone-iodine dilution as correlating with increased
12 levels, with a maximum of 25 ppm of 12 at 0.1%
povidone-iodine concentration. All the clinical studies
mentioned herein described a 3-minute soak for
povidone-iodine irrigation, but data are lacking
regarding an optimal period.

Future research endeavors include developing iodine-
based compounds with a high functional concentration
of 12 that have the potential to provide a more robust
and effective antimicrobial activity in orthopaedic
surgery.
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