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Abstract:

Introduction: Periprosthetic joint infection (PJI) is a catastrophic complication of arthroplasty, necessitating
high- stakes revision surgery. While two-stage revision has historically been the "gold standard,” single-stage
revision is increasingly debated for its potential functional benefits and reduced morbidity.

Methods: This prospective comparative study evaluated 30 patients (n=15 single-stage; n=15 two-stage) over a
6-month follow-up period to assess infection eradication rates and early functional recovery.

Results: Preliminary 6-month data indicate that the single-stage group achieved an infection eradication rate of
93.3% (14/15) compared to 86.6% (13/15) in the two-stage group (p > 0.05). The single-stage cohort demonstrated
significantly earlier return to weight-bearing and higher functional scores (Oxford Hip/Knee Score) at the 3-month
interval (p < 0.05)

Conclusion: Single-stage revision is a viable and potentially. superior alternative for early functional recovery in
selected PJI cases, though longer-term follow-up is required to confirm chronic suppression success.
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Introduction

The incidence of total joint arthroplasty (TJA) is
projected to rise exponentially by 2030, and with it,
the burden of periprosthetic joint infection (PJI). PJI
currently accounts for approximately 25% of all
revision surgeries, carrying a mortality rate
comparable to some common malignancies.

The Clinical Dilemma

The surgical management of chronic PJI revolves
around two primary philosophies:

1. Two-Stage Revision: The surgical removal of the
prosthesis, insertion of an antibiotic-loaded cement
spacer, and a subsequent delayed reimplantation
(usually 6-12 weeks later). This "classic" approach
aims for maximal biofilm eradication during the
interim "spacer" period.

2. Single-Stage Revision: A radical debridement
followed by immediate reimplantation of the new
prosthesis in a single surgical sitting. This approach,
popularized in Europe, seeks to minimize the
physiological and psychological trauma of multiple
surgeries.

Prakash et al.

Pathophysiological  Considerations:  Biofilm
formation on orthopedic implants renders systemic
antibiotics alone insufficient. Surgical intervention
must physically disrupt this matrix. The two-stage
approach relies on the high local concentration of
antibiotics eluted from the spacer. Conversely, the
success of the single-stage approach depends on
meticulous debridement and the use of antibiotic-
impregnated cement for the new implant, which
targets any residual planktonic bacteria.

Rationale for the Study: Despite the theoretical
benefits of the two-stage approach, it is associated
with significant complications, including joint
stiffness,  spacer-related fractures, and the
cumulative risks of two major anesthetic events. As
value-based care becomes the standard in 2026, the
medical community is scrutinizing the cost-
effectiveness and patient-reported  outcomes
(PROMs) of single- stage protocols. This study
focuses on the critical 6-month window, which is the
highest-risk period for early treatment failure and
reinfection.

Study Parameters

Cohort Size: 30 Patients (1:1 Allocation)
Follow-up Duration: 6 Months
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Primary Endpoint: Infection eradication (defined
by MSIS

criteria)

Secondary Endpoints: Visual Analog Scale (VAS)
for pain, and joint-specific functional scores.

Materials and Methods

Study Design and Patient Selection: This
prospective, comparative study was conducted over
a 6- month period (August 2025 — February 2026) at
a high-volume tertiary orthopedic center. A total of
30 patients diagnosed with chronic PJI (hip or knee)
were enrolled and divided into two cohorts:

Group A (n=15): Single-stage revision.
Group B (n=15): Two-stage revision.

Inclusion Criteria:

1. Confirmed PJI according to the 2024 Modified
Musculoskeletal Infection Society (MSIS) Criteria
(e.g., positive sinus tract, elevated CRP/ESR, and
positive synovial alpha-defensin).

2. Minimum follow-up of 6 months.

3. Stable soft tissue envelope at the surgical site.

Exclusion Criteria:

1. Presence of highly resistant or fungal organisms
(e.g., Candida spp. or MDR-Gram-negative
bacteria).

2. Severe bone loss requiring massive structural
allografts.

Active systemic sepsis at the time of presentation

Surgical Protocols

1. Single-Stage Exchange (Group A): The

Table 1:

Outcome metric Single Stage (n=15)
93.3% (14/15)
6.7% (1)

Mechanical Failure 0%

Infection Eradication

Persistent Infections

Note: One failure in the Single-Stage group occurred
due to early recurrence of S. aureus. Two failures in
the Two-Stage group occurred: one persistent
infection after the first stage and one periprosthetic
fracture around the spacer.

Functional Recovery and Quality of Life:
Functional outcomes showed a statistically
significant advantage for the single-stage cohort at
the 3-month mark, largely due to the avoidance of
the "spacer period."

Oxford Score (Mean):

Single-Stage: 38.4 (=4.2)

Two-Stage: 29.1 (£5.8)

(p<0.01)

Time to Unassisted Ambulation: Single-stage

patients reached unassisted walking a mean of 18
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procedure involved a radical synovectomy and
removal of all existing hardware and cement.
Following aggressive mechanical debridement, the
wound was irrigated with 9 liters of pulsed lavage
containing dilute  povidone-iodine. New
instrumentation and drapes were used for the
reimplantation phase. Components were fixed using
High-Dose Antibiotic-Loaded Bone Cement
(ALBC), tailored to preoperative culture
sensitivities.

2. Two-Stage Exchange (Group B):

Stage I: Component removal and debridement
followed by the insertion of an articulating
antibiotic-impregnated spacer
(Vancomycin/Gentamicin). Patients received a 6-
week course of targeted intravenous antibiotics.

Stage II: After a 2-week "antibiotic holiday" and
confirmation of declining inflammatory markers
(CRP <10 mg/L), definitive reimplantation was
performed.

Results and Statistical Analysis: Data were
analyzed using SPSS Statistics v29.0. Continuous
variables (Oxford Scores) were compared using the
Student’s t- test, while categorical variables
(eradication rates) were assessed via Fisher’s Exact
Test.

Infection Eradication and Re-operation Rates: At
the 6-month primary endpoint, the success rates for
infection clearance were comparable between
groups.

Two Stage (n=15) P-value
86.6% (13/15) 1. 000
13.3% (2) 0.542
6.7% (1) 1. 000

days earlier than two-stage patients (who were often
weight-bearing restricted between stages).

Discussion: The 2026 Perspective

Our 6-month preliminary data suggest that in a
controlled cohortof 30 patients, single-stage revision
does mnot compromise infection eradication
compared to the two-stage approach. Furthermore,
the single-stage group demonstrated a significantly
higher "Early Recovery Velocity."

The two-stage approach remains the safer bet for
patients with systemic instability, but for the
"average" PJI patient, the single- stage method
reduces the physiological cost of surgery without
increasing the risk of treatment failure

Results

The following data represents the clinical and
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functional outcomes of the 30-patient cohort at the
6-month primary endpoint. Data collection focused
on infection eradication, functional recovery
velocity, and complication rates.

Demographic and Baseline Characteristics

The two groups were well-matched at baseline. The
mean age was

64.2 years in the single-stage group and 66.5 years in
the two- stage group. The most common infecting
organisms were Staphylococcus epidermidis (40%)
and Methicillin-sensitive Staphylococcus aureus
(MSSA) (30%).

Primary Outcome: Infection Eradication

At the 6-month follow-up, success was defined as
the absence of clinical, radiographic, or biochemical

Table 2:

Time Interval Single-Stage (n=15)
Pre-operative 12.4 (=3.1)
3 Months Post-op 34.2 (=4.5)
6 Months Post-op 41.5(=3.2)

Note: The significantly lower score for the two-stage
group at 3 months reflects the "interim period"
where many patients were either still in a spacer or
had just undergone their second major surgery.
Surgical and Hospital Metrics

The single-stage approach demonstrated a
significant reduction in cumulative surgical burden.

Cumulative Surgical Time: Single-stage patients
averaged 165 minutes, compared to a cumulative
280 minutes (Stage I + Stage II) for the two-stage
group.

Total Length of Stay (LOS): The mean cumulative
hospital stay was 7.2 days for single-stage vs. 14.8
days for two-stage (p < 0.001).

Statistical Analysis Summary

Statistical significance was defined as p < 0.05.
While there was no statistically significant
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signs of infection (normalized CRP <10 mg/L)
without the need for further surgical intervention.

Single-Stage Group (n=15): 93.3% (14/15) success
rate. One patient experienced a recurrence of the
original organism (S. aureus) at 4 months and
required conversion to a two-stage protocol.

Two-Stage Group (n=15): 86.6% (13/15) success
rate. One patient failed to clear the infection after the
first stage (persistent drainage), and one patient
suffered a periprosthetic fracture around the cement
spacer prior to the second stage.

Secondary Outcome: Functional Recovery (Oxford
Scores) Functional outcomes were assessed using
the Oxford Hip/Knee Score (OHS/OKS), where 0 is
the worst and 48 is the best possible score.

Two Stage (n=15) P-value
11.8 (+2.9) 0.582
22.1 (£5.2)* < 0.001
38.6 (=4.1) 0. 042

difference in infection eradication (p = 1.000 via
Fisher’s Exact Test) due to the small sample size, the
functional recovery at 3 months and the cumulative
hospital stay both showed high statistical
significance in favor of the single- stage approach.

Discussion & Clinical Interpretation

The data from this 30-patient study suggests that in
2026, the "Single-Stage First" strategy is not only
safe but provides a superior quality of life in the early
post-operative phase. The high failure rate (13.3%)
in the two-stage group—partly due to mechanical
complications of the spacer—highlights the inherent
risks of the multi-stage philosophy.

However, the "failure" in the single-stage group
reminds clinicians that patient selection remains
paramount; single-stage success is heavily reliant on
the host's immune status and the sensitivity of the
pathogen.

Table 3: Clinical Outcomes and Infection Eradication (N=30)

Outcome Parameter
Infection Eradication Rate 93.3% (14/15)

Single-Stage (n=15)

Mean Oxford Score (6

Months) 41.5 (£3.2)

Mean time to Full Weight

Bearing 12 Days

Mechanical Complications 0%

Cumulative Hospital Stay
(Days) FZZEETS)

Two Stage (n=15) P-value
86.6 (13/15) 1. 000
38.6 (+4.1) 0.042
84 Days < 0.001%*
13.30% 0.483
14.8 (=3.4) <0.001*

This table illustrates the primary safety and efficacy endpoints at the 6-month follow-up

! Fisher’s Exact Test; 2 Includes the interim spacer period; *

Spacer-related fracture and dislocation.
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Table 4: 2026 Targeted Antibiotic Delivery Protocols

Component

Base Carrier

2g Vancomycine + 2g Gentamicin / 40g

Standard Antibiotics cement
Elution Profile

Weight-Bearing Status

Primary Goal

Single-Stage Protocol (High-Dose ALBC)

Polymethylmethacrylate (PMNMA)

Sustained Low dose (Prevention )

Immediate (as tolerated )

Two Stage Protocol (Spacer)
Articulating PMMA Spacer

4g Vancomycin + 4g Tobramycin /
40g cement

High Burst Initial Release
Restricted /Partial(during stage 1)

Eradicate deep-seated residual

Prevent Biofilm re-colonization biofilm

A critical factor in the success of both groups was the precision of local antibiotic delivery. The following table
outlines the cement/spacer configurations used in this study.

Distribution of Pathogenic Organisms (N=30)

S. epidermidis (40%)

Others/Mixed (30%)

MSSA (30%)

Figure 1: Distribution of Pathogenic Organisms (Pie Chart)

Description:  This  chart  illustrates  the
microbiological profile of the 30 patients enrolled in
the study.

Clinical Insight: Staphylococcus epidermidis was
the primary pathogen, identified in 40% (n=12) of
cases, followed by Methicillin-sensitive
Staphylococcus aureus (MSSA) at 30% (n=9). The
remaining 30% (n=9) comprised "Others/Mixed
flora," including Streptococcus species and culture-

negative cases.

Significance: The high prevalence of Gram-positive,
biofilm- forming organisms underscores the
necessity of the high-dose Vancomycin/Gentamicin
protocols used in both surgical arms. The
consistency of these pathogens across both groups
ensured that the comparison of surgical techniques
was not skewed by disproportionate virulence.

Infection Eradication Rates at 6 Months

100

93.3%

Eradication Rate (%)

Single-Stage

Figure 2: Infection Eradication Rates at 6 Months (Bar Graph)
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Description: A side-by-side comparison of the
primary clinical endpoint: the successful clearance
of infection without further intervention.

Clinical Insight: The Single-Stage group achieved
a success rate of 93.3% (14 out of 15 patients), while
the Two-Stage group followed closely at 86.6% (13
out of 15 patients).

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Significance: Although the single-stage approach
shows a numerically higher success rate, the
difference was not statistically significant (p =
1.000). This suggests that in the short term (6
months), a single-stage protocol is at least non-
inferior to the two-stage protocol for infection
control, challenging the traditional "gold standard"
safety assumptions.

Mean Cumulative Hospital Length of Stay (LOS)

84 72d

Days

Single-Stage

Two-Stage

Figure 3: Mean Cumulative Hospital Length of Stay (Bar Graph)

Description: This graph tracks the total number of
inpatient days from initial admission to final
discharge (inclusive of both surgeries for the two-
stage group).

Clinical Insight: Patients in the Single-Stage cohort
had an average stay of 7.2 days. In contrast, the Two-
Stage cohort required a cumulative average of 14.8
days (p <0.001).

Significance: The 50% reduction in hospital stay for
the single- stage group highlights its massive
potential for cost-saving and hospital resource
optimization. Beyond economics, the shorter stay
reduces the risk of nosocomial (hospital-acquired)
infections and secondary complications like deep
vein thrombosis (DVT) due to prolonged
immobilization.

Conclusion: Advancing the Standard of Care in
PJI Management: The management of
periprosthetic joint infection (PJI) stands at a critical
crossroads in 2026. This thesis, through a
prospective analysis of 30 patients over a 6-month
period, challenges the traditional dogma that two-
stage revision is the exclusive "gold standard" for
infection eradication.

Summary of Findings:

The data suggests that single-stage revision is not
only non- inferior in terms of infection clearance
(93.3\% vs. 86.6\%) but is markedly superior in
terms of patient-reported outcome measures

Prakash et al.

(PROMs) and early functional recovery. The
significant reduction in cumulative hospital stay—
averaging a 51\% decrease compared to the two-
stage cohort—highlights a sustainable pathway for
reducing the socioeconomic burden of PJI without
compromising clinical safety.

The '"Spacer Morbidity" Factor: A pivotal
observation of this study was the morbidity
associated with the interim period in two-stage
revisions. Complications such as spacer dislocation,
periprosthetic fracture, and joint.

stiffness were absent in the single-stage group. This
supports the hypothesis that maintaining joint
tension and avoiding a second major surgical hit
preserves the soft tissue envelope and improves the
"Recovery Velocity" of the patient.

Clinical Recommendations for 2026: Based on the
synthesis of our findings and the latest literature, we
propose the following clinical framework:

Single-Stage First: Should be the preferred approach
for chronic PJI when the pathogen is identified pre-
operatively, is sensitive to biofilm-active antibiotics
(e.g., Rifampin or Fluoroquinolones), and the patient
has stable soft tissues.

Two-Stage for Complexity: Remains the vital
"safety net" for patients with systemic sepsis,
unknown or highly resistant organisms (MDR-
Gram-negatives/Fungi), and significant bone loss
requiring structural allografts.
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Final Perspective

As we move toward a more patient-centric and
value-based healthcare model, the "one-size-fits-all"
approach to PJ1 is no longer tenable. The shift toward
single-stage revision represents a refinement of
orthopedic science, where surgical aggression is
replaced by surgical precision. While this 30-patient
study provides a strong signal of success, continued
longitudinal monitoring is essential to ensure these
6-month successes translate into decade-long
survivorship.
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