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/Abstract )
Periprosthetic joint infection (PJI) is one of the major complications resulting from the implantation of a joint
prosthesis. Staphylococci are responsible for more than 50% of prosthetic infections, about 20% can be poly-
microbial, 15% are gram-negative and about 10% of cultures are negative. The complete eradication of the
infection is extremely difficult. For a correct treatment is first of all useful to perform a clinical staging based on
the anatomical location of the infection and on the immune characteristics of the host. However, regardless the
area of infection, the role of the surgeon is crucial, firstly in terms of timing and secondly in assessing the degree
of invasiveness of the infected and necrotic tissues required. The goal of the treatment must be to eradicate the

infection ensuring the maximum functional result.
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Introduction

Periprosthetic joint infection (PJI) represents one of the most
significant complications following joint prosthesis implanta-
tion. The incidence of infection after a primary implant is esti-
mated to be between 1% and 2%, increasing to approximately
4% in revision surgeries [1-3]. Currently, there is no universally
accepted definition of PJI. Clinically, it can manifest in various
forms, and classical signs of infection-such as fever, leukocy-
tosis, or local inflammatory symptoms-may be absent, making
diagnosis particularly challenging. However, the inability to
identify a pathogen does not exclude the diagnosis.

Staphylococci are responsible for over 50% of prosthetic infec-
tions, while approximately 20% of cases are polymicrobial, 15%
involve gram-negative bacteria, and about 10% yield negative
cultures. Research has demonstrated that the pathogens respon-
sible for PJI vary depending on the time of onset in relation to
the surgical procedure [4-7]. In particular, infections occurring
within the first four weeks postoperatively (early infections) are
typically caused by highly virulent microorganisms, such as
Staphylococcus aureus. In contrast, infections that develop be-
yond three months post-surgery are often due to low- virulence
organisms, including coagulase-negative Staphylococcus, Pro-
pionibacterium acnes, and Enterococci.
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The incidence of infections is highest during the first two years
following surgery. This is attributed to the increased vascular-
ization of peri-implant tissues, which facilitates the hematog-
enous spread of bacteria [8]. One of the main challenges in
eradicating PJI is the presence of biofilm—a structured micro-
bial community embedded within a self-produced extracellular
matrix. This biofilm confers a significant survival advantage
to bacteria, rendering them up to 1000 times more resistant to
antibiotic treatment and capable of evading the host's immune
response [9].

A comprehensive discussion on the most relevant aspects of
prosthetic infections took place at the International Consensus
Meeting in Philadelphia in 2018, providing updated recommen-
dations based on the latest scientific evidence.

For effective treatment, an initial clinical staging is essential,
considering both the anatomical location of the infection and the
immune status of the patient. Regardless of the affected area,
the surgeon's role is pivotal, particularly in determining the ap-
propriate timing and extent of surgical intervention necessary
for debridement and removal of necrotic tissue. The success of
surgical management directly influences recurrence rates, post-
operative complications, and overall patient outcomes, includ-
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ing the stability of bone structures and restoration of joint and
muscular function.

Despite the significance of PJI, few studies have addressed the
management of exposed prostheses. Available evidence suggests
that in most cases, prompt and adequate soft tissue coverage
plays a crucial role in prosthesis salvage [10]. Skin complica-
tions following knee arthroplasty are relatively common, though
they do not always result in prosthetic exposure. In cases where
the prosthesis becomes exposed, primary closure via simple
suturing is usually ineffective. Instead, early intervention with
vascularized soft tissue reconstruction is required to promote
wound healing and preserve the prosthesis.

Among the various reconstructive options, the gastrocnemius
muscle flap is considered the gold standard due to its simplici-
ty, reliability, and safety. When combined with appropriate local
and systemic antibiotic therapy, this technique provides dura-
ble soft tissue coverage and can be performed in a single-stage
procedure. Additionally, it is associated with low morbidity and
minimal residual scarring, making early intervention particular-
ly advantageous [11-13]. Further benefits of the gastrocnemius
muscle flap include early mobilization, reduced hospital stays,
and lower rates of arthrodesis, ultimately leading to better func-
tional outcomes for patients [11].

Diagnosis of Periprosthetic Joint Infection (PJI)

Diagnosing PJI remains one of the most challenging aspects of
managing patients with joint replacements, despite the develop-
ment of increasingly refined criteria and scoring systems over
the years. A correct diagnosis is critical not only for determining
the presence of infection but also for selecting the most appro-
priate treatment strategy to ensure successful outcomes [14].

Evolution of Diagnostic Criteria

In 2011, the Musculoskeletal Infection Society (MSIS) intro-
duced standardized criteria for PJI diagnosis. These criteria
underwent further refinement during the 2013 International
Consensus Meeting (ICM). More recently, both national and in-
ternational working groups have striven to establish robust and
standardized protocols for diagnosing suspected PJI. In 2018,
a new evidence-based PJI definition was published, which,
upon external validation, demonstrated improved performance
in diagnosing hip and knee PJIs. Continuing this trend toward
standardization, the European Joint Infection Society (EBJIS)
released a practical, three-level diagnostic guide for clinicians at
the end of 2020 [15-18].

Clinical Presentation and Initial Evaluation

The diagnosis of PJI can sometimes be straightforward. For exam-
ple, the presence of a communicating fistula or obvious prosthetic
exposure is sufficient to classify the joint as infected. In more oc-
cult cases, although local signs of infection and systemic symp-
toms such as fever may raise suspicion, pain remains the most
prevalent and significant symptom-reported in over 90% of cases.

The initial workup for suspected PJI typically includes:

* Radiographic Assessment: Standard X-rays in two projec-
tions are used to evaluate prosthesis stability, looking for
signs such as loosening or the presence of radiolucent lines
indicative of osteolysis.
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e Blood Tests: Laboratory markers such as C-reactive protein
(CRP), D-dimers, and the erythrocyte sedimentation rate
(ESR) are measured. However, it is important to note that
recent studies have reported a false-negative rate of approx-
imately 20% for CRP and ESR [19].

e Arthrocentesis: Joint aspiration, ideally performed in a
sterile setting, is a critical diagnostic step. It is recommend-
ed that any ongoing antibiotic therapy be withheld for at
least 14 days prior to the procedure to enhance test sensi-
tivity [20]. A minimum of 2 mL of synovial fluid is advised
to allow for multiple assays, including the alpha-defensin
test, white blood cell (WBC) count, leukocyte esterase (LE)
assay, CRP, and polymorphonuclear (PMN) cell percentage
analysis.

Advanced Synovial Fluid Analysis

Among the newer diagnostic markers is alpha-defensin, an an-
timicrobial peptide released by neutrophils. When combined
with CRP levels, alpha-defensin has significantly enhanced the
diagnostic criteria for PJI. Although this test is highly accurate,
its widespread use is tempered by high costs, limited utility in
the immediate postoperative period, and the possibility of false
positives in cases of metallosis. To mitigate these issues, Stone
et al. proposed an algorithm that integrates the alpha- defensin
assay with CRP measurement, thereby reducing both false posi-
tive and false negative results [21].

Another rapid diagnostic tool is the leukocyte esterase dipstick
test (LET), which can be performed at the patient’s bedside. A
strongly positive result—indicated by a deep purple color (++),
suggests a high likelihood of infection. Nevertheless, differen-
tial diagnoses, such as gout or other inflammatory arthropathies,
must be considered. A meta- analysis encompassing 1,011 pa-
tients reported a sensitivity of approximately 90% and a speci-
ficity near 97% for LET [22].

For more precise results, synovial fluid samples are typically
sent to the laboratory after centrifugation to remove blood con-
taminants. Recent studies suggest diagnostic cutoffs of 1,630
leukocytes/uL (sensitivity 83.6%, specificity 82.2%) and a PMN
percentage of 60.5% (sensitivity 80.3%, specificity 77.1%).
However, universally accepted cutoff values have yet to be es-
tablished [23].

Microbiological Culture and Histopathology

Swab cultures, while sometimes used, are known to yield a high
rate of false positives. Consequently, the gold standard for di-
agnosing PJI remains bacterial cultures. These cultures should
be incubated in a microbiology laboratory for at least 14 days,
and the isolation of the same microorganism in at least two sep-
arate cultures is considered confirmatory evidence of infection.
In 2018, an international meeting held in Philadelphia resulted in
the development of a scoring system based on these diagnostic
tools. Compared to the MSIS criteria, this new system demon-
strated a sensitivity of 97.7% and a specificity of 99.5%, greatly
facilitating preoperative diagnosis.

In complex cases where the diagnosis remains ambiguous, a
periprosthetic tissue biopsy can be invaluable. Performed under
CT or ultrasound guidance, this procedure allows for the col-
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lection of tissue samples for both histopathological examination
and culture. The detection of inflammatory cell infiltrates, cou-
pled with positive culture results, strongly supports the diagno-
sis of PJI.

Emerging Techniques: Next-Generation Sequencing

The final frontier in PJI diagnosis is the application of next-gen-
eration sequencing (NGS). This cutting-edge genetic sequencing

Table 1:

technique is rapidly becoming more cost-effective and faster
than traditional methods. NGS is highly sensitive-capable
of detecting bacterial DNA even in cases where traditional
cultures might fail. Although this approach is promising, re-
search into its clinical application is still in its early stages
[24, 25].

Major criteria (at least one of the following)

Decision

2 positive cultures of the same organism

Infected

Sinus tract with evidence of communication to the joint or visualization of the prosthesis

Table 2: New scoring system definition for PJI (Philadelphia ICM 2018). Caution is required in several conditions, like ad-
verse local tissue reaction, crystal deposition disease, slow growing organisms, etc. CRP, C-reactive protein; ESR, erythro-
cyte sedimentation rate; LE, leukocyte esterase; PMN, polymorphonuclear; WBC, white blood cell.

Preoperative Minor criteria Score Decision
Diagnosis Serum Elevated CRP or D-Dimer 2 6 Infected
Elevated ESR 1
Elevated synovial WBC count or LE 3
Synovial Positive alpha-defensin 3 2-5 Possibly Infecteda
Elevated synovial PMN (%) 2
Elevated synovial CRP 1 0-1 Not Infected
Intraoperative Inconclusive pre-op score or dry tap Score Decision
Diagnosis Preoperative score - 6 Infected
Positive histology 3
Positive purulence 3 4-5 Inconclusiveb
Single positive culture 2 3 Not Infected

Treatment of Knee Prosthesis Infections: An Integrated,
Multimodal Approach

The treatment of infections in knee prostheses requires a com-
prehensive approach that considers multiple factors. These in-
clude the timing of the infection (early, delayed, or late onset),
the condition of the soft tissues, the extent and clarity of the
infectious process (including the functionality of the extensor
mechanism), the patient’s comorbidities, laboratory inflam-
matory markers, microbiological data (including identifica-
tion of the causative agent and its antibiotic sensitivities), the
stability of the implant, as well as the patient’s functional ex-
pectations and needs. Ultimately, the goal is to eradicate the
infection while preserving or restoring the maximum possible
function of the joint. Treatment may involve antibiotic therapy
alone or in conjunction with one or more surgical interventions
[26, 27].

Antibiotic Therapy
Antibiotic treatment is one of the two cornerstones of managing
prosthetic joint infections. Its use must be carefully tailored to
the clinical scenario:
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Limited Role in Isolated Surgical Wound Infections

In cases where the infection is limited solely to the surgical
wound, antibiotic therapy may be the treatment of choice if there
is no need for surgical intervention.

Challenges with Biofilm-Associated Infections

When the infection extends beyond the superficial wound, the

presence of a bacterial biofilm on the prosthetic implant signifi-

cantly reduces the efficacy of antibiotics administered alone. In

these situations, antibiotic therapy is generally reserved for spe-

cific conditions, such as:

e Patients at high operative risk or those with significant co-
morbidities.

»  Patients with a stable, mechanically sound prosthesis.

* Infections caused by low-virulence microorganisms that are
sensitive to oral antibiotics.

»  Patients who are medically stable, without signs of an acute,
ongoing septic process [28].

*  Targeted versus Broad-Spectrum Antibiotics:

When culture results are available, treatment should be tailored
to the identified organism with a specific antibiotic regimen. In
contrast, broad-spectrum antibiotics are indicated for patients

J Infec Dise and Vir Res 2025



with acute knee infections exhibiting signs of sepsis, pending
culture results [29].

*  Role of Multidisciplinary Oversight:

The choice, dosing, and duration of antibiotic therapy should be
determined in collaboration with infectious disease specialists,
medical microbiologists, and virologists. Postoperative proto-
cols must be established to monitor the patient’s response and
to determine the appropriate route and duration of antibiotic ad-
ministration.

Surgical Treatment

In many cases, surgical intervention is required alongside antibi-
otic therapy. The choice of surgical technique depends on factors
such as implant exposure, the extent of infection, implant stabili-
ty, and patient- related factors. Surgical options range from joint
preservation procedures to salvage operations:

DAIR (Debridement, Antibiotic Therapy, and Implant Reten-
tion) and DAPRI (Debridement, Antibiotic Therapy, Partial Re-
placement, and Implant Retention)

DAIR Approach

For early infections, debridement and irrigation with antiseptic

solutions—performed without removing the implant—are typi-

cally recommended. This is appropriate in cases where:

*  Radiographs do not show signs of implant loosening or het-
erotopic bone formation (which would suggest a chronic
process).

*  The prosthetic implant appears mechanically stable, a fact
that should be confirmed intraoperatively.

Procedure Details

» Infected tissue is thoroughly removed and sent for culture.

*  Placement of drains can help evacuate postoperative seroma
or hematoma.

*  Local delivery of antibiotics via antibiotic beads, in con-
junction with systemic therapy, may enhance infection con-
trol.

*  Replacement of modular components (if present) is advised
when they are identified as potential sources of persistent
infection [28, 30].

Advantages of DAIR

e Itis less invasive than complete prosthesis removal.

e Itis associated with a lower risk of surgical complications.
* It generally involves lower overall costs.

Limitations of DAIR

*  There is a risk of persistent or recurrent infection.

*  The approach may fail if the infection is chronic or if the
implant is unstable.

DAPRI Approach

DAPRI builds upon the DAIR concept by including the replace-

ment of selected modular components of the implant:

Key Elements:

¢ Debridement: As in DAIR, meticulous removal of infected
tissue is performed.
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*  Antibiotic Management: Similar to DAIR, with an empha-
sis on prolonged and targeted antibiotic therapy.

*  Prosthesis Retention with Partial Replacement: The
technique involves replacing modular components (e.g., the
polyethylene liner) while retaining well-fixed parts of the
implant. This reduces the bacterial load and the risk of re-
infection without subjecting the patient to the morbidity of
a full revision.

Advantages of DAPRI

*  Improved infection control compared to DAIR alone.

*  Preservation of the implant structure, reducing overall sur-
gical invasiveness.

*  Lower risk of postoperative instability.

Limitations of DAPRI

* Itis a more complex and technically demanding procedure.

*  Successful outcomes depend on an accurate intraoperative
assessment of the implant’s stability.

Two-Stage Revision

The two-stage revision is considered the gold standard for
chronic or complex infections, especially those associated with
implant mobilization or virulent pathogens such as MRSA.

First Stage

*  Removal of the prosthetic implant and all foreign materials.

*  Aggressive debridement of necrotic tissue.

*  Placement of an antibiotic-loaded spacer that aids in main-
taining limb alignment, preserves partial joint mobility, and
allows local antibiotic release.

Second Stage

*  Once infection eradication is confirmed (often by clinical,
laboratory, and sometimes histological parameters), the
spacer is removed.

* A new prosthesis is implanted [28, 30].

Single-Stage Revision

A single-stage revision may be appropriate for select patients:

*  When the causative organism is known and sensitive to an-
tibiotics.

*  When no abscesses or significant collections are present.

* In patients who are not immunocompromised and show no
radiological evidence of implant loosening or ongoing os-
teitis.

Patients must typically receive preoperative antibiotic ther-
apy (usually for 2-3 weeks) to reduce the infectious load
prior to surgery [28, 31].

This procedure involves
Complete removal of the infected implant and any foreign
materials.

*  Immediate implantation of a new prosthesis in the same sur-
gical session.
It is especially indicated when there is good soft tissue cov-
erage and minimal to moderate bone loss.

Rescue Operations
For some patients, re-implantation of a prosthesis may not be
feasible. In such cases, salvage procedures are considered to
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manage the infection and maintain limb function. These include:

Arthrodesis

Arthrodesis is indicated when other reconstructive options have

failed or are not feasible—such as in cases of extensive bone

loss, compromised soft tissues, or infections with highly virulent
organisms.

*  Procedure: The joint is surgically fused, eliminating mo-
tion but providing a stable, pain-free limb capable of weight
bearing.

e Techniques: Various methods (intramedullary nails, plates,
or external fixators) may be used.

e Considerations: The success of arthrodesis can depend on
the type of prosthesis previously implanted. Studies have
shown variable success rates, with better outcomes follow-
ing the failure of condylar prostheses compared to con-
strained implants [33-35].

Resection Arthroplasty

This procedure involves removing the implant and cement with

thorough debridement, but without re-implanting any device.

The goal is to create a “false joint” that offers a limited degree

of mobility.

e Indications: Typically reserved for patients with low func-
tional demands.

*  Postoperative Management: Following surgery, the limb
is immobilized for 3—6 months to allow soft tissue retraction
and stabilization, which can result in a functional albeit lim-
ited range of motion [32].

Amputation

Amputation is considered a last-resort option in cases where:

*  The local infection is uncontrollable despite radical surgical
attempts.

*  The patient’s life is at risk due to systemic sepsis.

»  Extensive bone loss and soft tissue compromise preclude
successful wound closure.

Above-Knee Amputation

In particular, above-knee amputation may be necessary when the
functionality of the extensor mechanism is irreparably lost, ren-
dering the joint nonfunctional despite potential re-implantation
[28, 34].

Management of Surgical Wound Complications

Effective management of the surgical wound is crucial in the
postoperative period to prevent the development or progression
of infection:

¢ Hemostasis and Drainage: After knee arthroplasty, the use
of drainage systems (typically maintained for 2448 hours)
minimizes hemarthrosis. Persistent intra- articular bleeding
can foster bacterial growth and may lead to wound dehis-
cence.

*  Wound Monitoring and Rehabilitation: Excessive bleed-
ing or wound dehiscence should prompt careful monitoring.
A temporary pause in rehabilitation may be necessary to re-
duce mechanical stress on the healing wound.

*  Addressing Wound Dehiscence: Any discontinuity in skin
closure along the surgical incision can signal a potential-
ly dangerous complication. Superficial wound dehiscence
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without systemic or laboratory evidence of infection can
often be managed conservatively with frequent dressing
changes and close follow-up to allow secondary intention
healing.

e Management of Extensive Tissue Necrosis: In cases
where a large ischemic area is identified around the surgical
wound, early surgical intervention may be required. This
might involve the excision of necrotic tissue followed by
coverage with a skin graft, a local muscle flap, or both. Ear-
ly intervention is critical to prevent further complications,
including deep infections [34].

Conclusions

The identification of patient’s risk factors, an adequate preop-
erative planning and a correct surgical execution, especially in
patients already operated, an antibiotic prophylaxis and finally
an early management of complications can reduce the infectious
risk.

In the presence of signs and symptoms and/or laboratory test
suggestive of infection, early diagnosis and aggressive treatment
can make the eradication of the infection.

The most important factors to be considered when choosing the

best protocol for treating a knee replacement infection include:

1. The time between surgery and the development of the in-
fection;

2. The radiographic findings and if the bone-cement and

bone-prosthesis interface is involved in the infectious pro-

cess and whether the prosthesis has any mobilization find-

ings;

The nature of the patient's symptoms;

4. The etiological agents involved and their sensitivity to an-
tibiotics;

5. [Ifreplanting is possible;

6. What type of prosthesis is present and how much bone loss
may be present at the time of its removal;

7. The presence of complications affecting the surgical wound
and / or soft tissue;

8. The functional needs of the patient.

W

Considering all of this, a rational management plan can usually
be found with the most appropriate treatment. Early diagnosis
of the infection can ensure a less invasive surgical management;
in this case, surgical debridement in association with antibiotic
therapy can ensure the implant retention, especially in the pres-
ence of a low virulence infectious agent.

When these criteria is absent, the prosthesis must be removed
and after debridement and local antibiotic therapy, the implant
must be replaced. When the infection cannot be controlled or in
presence of an important skin and soft tissues loss, arthrodesis
may be the best approach. Resection arthroplasty and amputa-
tion are reserved when neither reimplantation nor arthrodesis is
possible.

In summary, while the diagnosis of PJI continues to pose signif-
icant challenges, advancements in diagnostic criteria, laboratory
markers, imaging techniques, and emerging molecular methods
are steadily improving our ability to accurately detect and man-
age these infections. A comprehensive, multi-modal diagnostic
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approach remains essential to ensure timely and appropriate
treatment, ultimately leading to better patient outcomes.
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