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Abstract

Objective: Even in the best-case scenario, infection is still a possibility during surgery and can be
extremely dangerous after a compound fracture treatment. This study evaluated the effectiveness
and practicality of locally applied antibiotic-impregnated polymethyl methacrylate (PMMA) strips
to prevent infection and achieve functional union within a predetermined period of time following
primary definitive stabilization of compound fractures.

Method: A study was conducted from January 2021 to February 2022 at Department of
Orthopaedic, Veer Surendra Sai Institute of Medical Sciences and Research, Burla on patients who
got PMMA-vancomycin strips during orthopedic surgery repair of open fractures. There were 105
patients in all (ages 25 to 60) with open fractures of types I through IIIC. In-depth wound cleaning,
meticulous debridement, and final stabilization with PMMA-vancomycin strips were all
performed on the patients. Measurements were made on the frequency of wound healing, fracture
union, and infection rate. Radiographs and infection markers were used to monitor patients over
the course of a year. The effectiveness of the PMMA strips used in this investigation was compared
to that of PMMA beads used in techniques identical to those in published studies.

Results: 4 (4.6%) of 105 individuals developed a subclinical infection up until the implant was
removed. There was no evidence of osteomyelitis or non-union in any patient. Comparable results
in terms of infection rates were found between the PMMA strips used in this investigation and the
antibiotic beads utilized in earlier experiments, according to a literature review. Vancomycin
PMMA strips can be removed more easily than vancomycin beads in most cases.

Conclusion: PMMA vancomycin strips provide surgeons a simple, effective solution to the
contentious problem of deciding how long to keep antibiotic beads in place.
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Introduction

The first time antibiotic-loaded bone cement was applied during orthopedic endoprosthetic surgery
on human patients by Buchholz and Engelbrecht [1]. The main results were a high local
concentration of antibiotics and few systemic side effects [2]. Antibiotic concentrations 10 to 100
times greater than normal are needed to penetrate biofilm, and this is not safe for systemic usage.
The thermostability of the antibiotic, the porosity of the antibiotic vehicle, and, most significantly,
the surface area of the antibiotic PMMA construct for elution of the antibiotic [Figure 1; 3] are the
main variables impacting the maintenance of the local higher concentrations of antibiotics with

PMMA.
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Figure 1: Acrylic bone cement additives with antimicrobial properties

In this investigation, the effectiveness of
vancomycin PMMA strips in open fractures
was compared to data on standard antibiotic
PMMA beads. Because to its excellent
thermostability, availability in powder form,
simplicity of mixing prior to adding liquid
monomer, and less allergenic qualities,
PMMA vancomycin in strips was employed.

Antibiotic beads have been shown to be
effective in managing open fractures,
however, their elution qualities are
compromised by issues such as damaged
local anatomy, significant scarring, labor-
intensive hand preparation procedures in
underdeveloped nations, and fibrosis around
the beads [4]. When it comes to delivering
high-concentration local antibiotics, strips
are just as effective as beads, but they have
the advantages of causing less fibrosis scar
tissue and being simpler to apply and remove.

Methods
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Study Design: Between January 2021 and
February 2022, at Department of
Orthopaedic, Veer Surendra Sai Institute of
Medical Sciences and Research, Burla.

Methodology: Gustilo and Anderson were
added to the list of subcategories [5]. Type I,
Type HIA, Type IIB, and Type IIIC open
fractures with high-velocity injuries. 68
patients who had type I, II, or IIIA wounds
had them thoroughly cleaned with
povidineiodine and normal saline. They
received initial stabilisation and the insertion
of PMMA strips laced with vancomycin on
the same day. For five days, metronidazole,
third-generation cephalosporin, and
aminogycoside were given as systemic
antibiotics.

Patients in 5 tibia cases arrived 2 weeks after
the initial injury  with  substantial
contamination from grass and dirt particles.
Due to a lack of resources, ignorance, and
available facilities, they were late. Swab
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cultures were collected, wounds were
extensively cleaned with povidone iodine
scrub and normal saline, debridement was
carried out under anesthesia, and external
fixation was placed. After two weeks of daily
debridement and cleaning, final stabilization
was carried out by inserting PMMA strips
that had been vancomycin-impregnated.
Soft-tissue release and split-thickness skin
grafts, where necessary, were used to seal the
incisions. Five days after the culture results,
responsive  systemic  antibiotics  were
continued. Debridement was carried out for
fractures of types IIIB and IIIC, along with
soft tissue and neurovascular healing, and
external fixation for a period of two to three
weeks. After internal fixation, vancomycin-
impregnated PMMA strips were used, and
the incision was then stitched shut using split-
thickness skin grafting, soft tissue release, or
transposition flaps.

On the fifth postoperative day, the patients
who had their sutures removed between three
and four weeks earlier were released. On the
third postoperative day, isometric, range-of-
motion, and partial weight-bearing exercises
were introduced. Leukocyte count, serum
protein, total lymphocyte count, and C-
reactive protein were some of the infection
indicators that were checked on a monthly
basis for the patients. Radiographs were done
as a follow-up at 1, 3, 5, 8, and 12 months.

Sample Size: 105 open fractures were
included in this study. Among these
fractures, 88 involved the tibia, 12 involved
the femur, and 5 included the forearm.
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Inclusion criteria: Ages 21 to 65, open
fractures within days 2 to 8 of presentation,
and anesthesia-eligible.

Exclusion criteria: any comorbidity, such as
immune-compromised patients, diabetes
mellitus, prior underlying chronic infections,
pathological fractures, and polytrauma with
head or chest traumas, as well as known
intolerance to vancomycin.

Ethical Consideration: The study was
approved by the ethical committee of Veer
Surendra Sai Institute of Medical Sciences
and Research, Burla after written consent was
obtained from the subjects.

Results

All patients with grade I, II, or IIIA fractures
had fractures that were joined in 68/68
(100%) cases. After suture removal, there
were sterile discharge sinuses in 2/5 (51%) of
open grade IIIC fractures and 3/33 (5.87%)
subclinical infections in grade IIIB fractures.
For them, no special debridement or systemic
antibiotics were used; simply twice-daily
soap water washes and wound expression
were necessary for full recovery to occur
within 4 months. The infection rate in this
study group was 4/105, or 4.6%.

At follow-up exams after a year, there was a
100 percent union rate. With upper limb open
fractures, the time to union was 7—11 weeks,
and for lower limb open fractures, it was 11—
35 weeks. Seven to eleven weeks after
surgery, PMMA vancomycin strips were
removed [Figure 2].
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Figure 2: Representation of time to union in fractures

Three out of 105 patients were lost to follow-
up after a year. The patients came back after
a year with a discharge of serous matter and
exposed strips at the distal tibia. Nonetheless,
these issues did not delay a sound union
within the allotted period, and after the strips
and implants were removed, the wound
entirely healed. There were no acute wound
infections or local or systemic infections
linked to antibiotics or implants.

Discussion

Local vancomycin strips exhibit equal
efficacy to antibiotic beads used for similar
procedures in large trials in the current
investigation of open fractures with definitive
fixation. No of their socioeconomic standing
or gender, all of the patients in our study had
full wound healing within periods of time
comparable to those of previously
documented open fracture repairs using the
use of antibiotic beads.

After reviewing 845 open fractures with
thorough debridement, extensive irrigation,
and local PMMA antibiotics, Ostermann et
al. [6] came to the conclusion that 3.7% of
patients had postoperative infections. All
fracture types had a lower infection rate,

Lamay et al.

which was statistically significant for types
IIIB and IIIC [6].

Prophylactic antibiotic impregnation with
systemic antibiotics had a considerable
impact on type III open fractures, according
to Henry et al. [7]. Local PMMA antibiotics
were deemed advantageous for sustaining
local concentrations without systemic
symptoms by several authors [8-10].
According to Calhoun et al. [11], the
presence of microorganisms around beads
had no effect on how well wounds and
fractures healed. Antibiotic beads have been
shown to have similar advantages by
Zalavras et al [4]. They brought up the
contentious subject of revision surgery and
the elimination of PMMA antimicrobial
beads. Without a drain, a wound must be
sealed in order to decrease fluid turnover,
which is crucial for maintaining local
antibiotic concentrations. Due to sustained
subtherapeutic antibiotic doses, a bead left in
place acquires resistant bacteria and behaves
like a foreign body, predisposing the patient
to secondary infection.

Henry et al. [12] noted that fibrosis soft tissue
near joints hindered movement, resulting in
problems connected with emotional and
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financial burden from beads. We introduced
antibiotic PMMA strips to readily remove at
7 to 11 weeks even after 1 year while
retaining desired local antibiotic
concentration in order to test these entire
theories.

From Egypt to India, wounds have been
treated topically since prehistoric times.
Several clinical researchers from all over the
world have discussed the effectiveness of
local antibiotic therapy for open wounds in
order to prevent resistant infections and the
morbidity of long-term intravenous antibiotic
use [13, 14], as well as to maintain a greater
local concentration of antibiotics to dissolve
biofilms.

The two-stage local PMMA antibiotic release
reaches its peak concentration within hours to
days and maintains high concentrations for
up to five years [10]. Matrix-like surface
area,  concentration,  post-implantation
duration, and fluid turnover are a few
variables that affect how well antibiotic
PMMA elutes. Elution occurs through the
matrix's pores, voids, cracks, and passive
diffusion. Without effective treatment,
localised high doses of antibiotics are
insufficient. removing debris [15]. While
germs are being suppressed by antibiotics at
10 to 100 times the typical concentration,
resistance is being discouraged [9].

Effective biofilm dissolution and utilisation
of the blood-bone barrier also guard against
systemic toxicity. Walenkamp et a/. [16] and
Salvati et al. [17] showed that these
techniques for delivering local high-
concentration antibiotics did not cause renal
toxicity and that serum levels were less than
0.5 g/mL. Similarly, at larger doses (10.5 g
vancomycin; 12.5 g gentamycin) than those
used in our investigation, Springer et al. [18]
and Hsieh et al. [19] reported clinical safety.

The clinical results in our series and two-year
follow-up were comparable to those of open
fracture cases treated with different
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antibiotics or different techniques for local
PMMA antibiotic impregnation. The main
benefits of the strips are their ability to fit
anywhere into myofascial compartments in
the limbs without impairing wound healing,
their huge surface area for antibiotic elution,
[20] and how easy they are to remove with
just a single stab incision.

Conclusion

PMMA beads and PMMA vancomycin-
impregnated strips both work well for
complex fractures. They both function
similarly in terms of elution and preserving
antibiotic local tissue concentration. As a
result, wound closure in situations of the
open tibia and forearm fractures is easier with
strips than it is with beads. This is important
because the strips may be easily
accommodated in the osteo-muscular plane.
The easy removal of the strips that were only
a few centimeters long was the study's most
significant finding.

Limitation of the study

In assessing the clinical role, the
undetermined extent of devitalized tissue
following debridement, and the removal or
necessity to remove the antibiotic vehicle
matrix, impersonations continue to exist. The
main disadvantages of utilizing beads are that
they cannot be used as mechanical fillers,
there is a chance that the wound won't heal
completely, and if the beads get embedded in
fibrous tissue or calluses, elution is reduced
and removal is more difficult.

A significant component in preserving a high
local concentration of antibiotics s
incomplete wound closure, which boosts
local fluid turnover and raises the risk of
subsequent infections. If not, a PMMA
matrix with decreased elution may act
strangely and bacteria that are resistant to
antibiotics will grow when antibiotic
concentrations are below therapeutic levels.
These issues can be resolved by switching
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from beads to PMMA strips. The contentious
issues of how long to maintain the antibiotic
vehicle, where to put it, and how to remove it
properly are all addressed by antibiotic-
loaded PMMA strips. In the current trial, we
were able to quickly and successfully remove
all strips from every patient.
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