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Objective: To identify factors influencing clinical outcomes of revision surgery for periprosthetic joint infection (PJI) after
unicondylar knee arthroplasty (UKA).

Methods: This retrospective study included 40 patients who underwent UKA revision for PJI (May 2009—May 2023). Patients were
divided into responders (n=27, favorable outcomes: no infection, KSS >80, HSS >85 at 6 months) and non-responders (n=13,
suboptimal outcomes: persistent infection or KSS <80/HSS <85). Inflammatory markers (CRP, WBC), Knee Society Score (KSS),
and Hospital for Special Surgery (HSS) score were assessed. Multivariate logistic regression identified predictors of success.
Results: Non-responders had higher rates of diabetes (46.2% vs 14.8%), smoking (30.8% vs 18.5%), alcohol use (23.1% vs 14.8%),
Gram-positive infections (30.8% vs 11.1%), and deep infections (84.6% vs 22.2%, all P<0.05). Key predictors of success included
optimal antibiotic management (OR=1.33, 95% CI=1.02-1.74), patient compliance (OR=1.44, 95% CI=1.08-1.92), and absence of
diabetes (OR=1.54, 95% CI=1.24-1.98), smoking (OR=1.60, 95% CI=1.08-2.37), or Gram-positive infections (OR=1.46, 95%
CI=1.12—-1.90, all P<0.05).

Conclusion: Diabetes, smoking, alcohol use, Gram-positive infections, deep infection, antibiotic management, and compliance
significantly impact UKA revision outcomes. Smoking showed the strongest association (OR=1.60). Clinicians should prioritize
preoperative optimization (glycemic control, smoking cessation) and protocol-driven antibiotic use. Findings are exploratory due to
small sample size and require validation in larger cohorts.
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Introduction
Unicondylar knee arthroplasty (UKA) is a widely utilized surgical procedure for the treatment of localized knee joint
diseases, particularly in instances where osteoarthritis affects only one compartment of the knee. In comparison to total
knee arthroplasty (TKA), UKA presents several benefits, such as minimally invasive techniques, accelerated recovery
times, and enhanced preservation of the natural kinematics of the knee.'® Notably, while periprosthetic joint infection (PJT)
is a recognized complication in both UKA and TKA, UKA-specific PJIs may differ in characteristics: UKA preserves more
native joint structures and involves smaller incisions, which might alter infection pathways, pathogen distribution, or
response to treatment compared to TKA, where the entire joint is replaced.? Nevertheless, PJI continues to be a significant
and debilitating complication subsequent to UKA, exerting substantial influence on patient outcomes and quality of life.’
PJI is an infrequent yet severe complication that requires intricate treatment strategies, encompassing prolonged antibiotic
therapy and frequently necessitating revision surgery.®’ Surgical revision of prosthetic joint infection (PJI) typically entails the
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removal of the infected prosthesis, meticulous debridement of infected tissues, and reimplantation of a new prosthesis, sometimes
incorporating antibiotic-impregnated spacers to eradicate the infection.® '° It is essential to comprehend the determinants that
impact the success of these revision procedures in order to optimize treatment protocols and enhance patient prognoses.

Previous studies have identified numerous factors that may influence the outcome of revision surgeries for PJI,
including the patient’s overall health status, comorbidities such as diabetes, smoking habits, specific surgical techniques
employed, and postoperative care management, including antibiotic regimens.'""'* These findings are primarily derived
from TKA or total hip arthroplasty (THA) cohorts,'® yet whether these factors apply to UKA remains unclear due to
UKA’s distinct anatomical preservation, patient selection criteria (eg, younger patients with less comorbidity), and unique
infection kinetics (eg, higher early postoperative infection rates but lower long-term recurrence compared to TKA).*
Significantly, individuals with diabetes face an elevated susceptibility to infections as a result of compromised immune
responses and impaired wound healing associated with chronic hyperglycemia.'*'> Similarly, lifestyle factors such as
tobacco use and alcohol consumption have been demonstrated to detrimentally impact surgical outcomes through the
impairment of vascular function and immune response.'®'®

We hypothesize that the clinical efficacy of revision surgery for UKA-associated PJI is influenced by a combination
of infection-related factors (type/severity), antibiotic management, patient-related factors (underlying diabetes, smoking/
drinking habits), and postoperative care (compliance, monitoring). This study aims to retrospectively analyze the
outcomes of revision surgeries in patients who developed periprosthetic joint infection (PJI) after unicompartmental
knee arthroplasty (UKA), with a focus on identifying key factors influencing clinical efficacy. Through the utilization of
multivariate logistic regression analysis, we systematically assess the impact of infection type and severity, antibiotic
management, patient compliance with medical advice, and postoperative care on the success of revision surgeries. While
prior research has explored PJI revision factors in TKA,'""!'> the unique anatomical and clinical characteristics of UKA
(eg, preserved cruciate ligaments, smaller prosthetic volume) necessitate an independent evaluation of these factors in the
UKA population. Thus, this study addresses an unmet need by providing UKA-specific evidence to guide tailored
treatment strategies. The findings are anticipated to offer insights for developing more effective prevention and treatment
strategies, ultimately enhancing postoperative prognosis. By elucidating these determinants, this research deepens
understanding of postoperative management and underscores the importance of a comprehensive approach encompassing
meticulous surgical technique, rigorous infection control, and proactive patient lifestyle management.

Materials and Methods

This study was conducted at Trauma Center, the Third Hospital of Hebei Medical University, and adhered to the
Declaration of Helsinki. Ethical approval was obtained from the institutional review board (IRB No. 23-TJH-0226).
Informed consent was waived because the research was retrospective and conducted on anonymized data.

General Information

Between May 2009 and May 2023, a total of 40 patients who experienced periprosthetic infection following unicondylar
joint replacement and required revision surgery were enrolled as the study cohort. Given the retrospective nature of this
study, patients were identified from the hospital’s electronic medical records, with inclusion restricted to those with
complete clinical, laboratory, and imaging data. Subsequent to the surgical intervention, these patients were stratified into
a “responders” (favorable revision outcomes, n=27) and a “non-responders” (suboptimal or persistent infection/functional
limitations, n=13), based on predefined objective criteria (detailed in Section 1.2.3).

Admission Criteria
e Age range: 40 to 80 years, ensuring inclusion of patients within the typical age demographic for joint replacement;
e Patients with a history of unicondylar joint replacement;
e Revision surgery required for periprosthetic infection;
e A minimum of 6 months post-initial replacement procedure to exclude early postoperative complications (defined as
infections occurring within 90 days of primary UKA, consistent with the Musculoskeletal Infection Society [MSIS]
criteria).'’
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e For survival analysis, patients were censored at the time of the last follow-up if they had not experienced a failure
event (eg, revision for recurrent PJI or persistent functional limitations) by the end of the study period.

Exclusion Criteria

e Patients with severe cardiovascular and cerebrovascular diseases, renal insufficiency, or other chronic conditions
that may impact surgical safety and recovery;

e Patients with active infections in other areas (eg, lung or urinary system infections), which could potentially
confound the assessment of infection treatment efficacy;

e Patients with immune compromised status (eg, HIV, chemotherapy);

e Patients with a history of prior revision surgery;

e Patients lacking capacity to comprehend the research content (excluded due to inability to provide informed consent
or reliable self-reported outcomes, such as pain scores, critical for clinical assessments).

Methods

Observation of Postoperative Inflammatory Laboratory Indicators

(1) Following surgery, peripheral blood routine and C-reactive protein (CRP) levels were assessed. For the blood
routine test, 3mL of fasting venous blood was collected from each subject using the Mindray CAL-8000 blood
analysis assembly line instrument. Strict aseptic procedures were followed during sample collection, and the
samples were placed into vacuum anticoagulant tubes for routine detection of white blood cell (WBC) count,
neutrophil percentage, and platelet count. Additionally, 3mL of venous blood was collected for whole-blood CRP
testing using the Mindray CAL-8000 via the latex-enhanced immune scattering turbidity method. Erythrocyte
sedimentation rate (ESR) was also measured using the Westergren method to further assess infection severity.

(2) Postoperative monitoring included observation of body temperature changes, incision swelling, and signs of skin
infection (eg, erythema, purulent discharge). Infection severity was classified based on MSIS criteria: probable PJI
required >3 of the following: elevated CRP (>10 mg/L) or ESR (>30 mm/h), elevated WBC or neutrophil
percentage, positive joint fluid culture, or sinus tract communication with the prosthesis.'’

KSS and HSS Scores

The Knee Society Score (KSS)* was used to estimate pain and functional status. KSS comprises two components: a function
score (max 100, assessing walking distance and stair climbing) and a pain score (max 100, based on patient-reported pain).
Higher scores indicate better function and less pain. The Hospital for Special Surgery (HSS)?! score evaluated overall
recovery, incorporating pain, functional activity, muscle strength, and range of motion (total 100 points, higher scores
indicating better recovery). Baseline KSS and HSS scores were collected preoperatively. Six months postoperatively, scores
were assessed by two trained orthopedic surgeons (inter-rater reliability confirmed via k=0.82 for KSS and «=0.79 for HSS).

Clinical Treatment Effect Analysis

The primary outcome for regression analysis was revision success, defined as: (1) absence of clinical infection (no fever,
no sinus tract, normal CRP/ESR) at 6 months; (2) KSS function score >80 and pain score >85; and (3) HSS score >85.
Secondary outcomes included infection recurrence (=1 positive culture or clinical signs of infection at 6 months) and
functional improvement. Additional efficacy categories were defined as follows:

¢ Significant improvement: Pain scores reduced by >75%, functional scores increased by >50%, with no residual
infection signs.

¢ Moderate improvement: Pain scores reduced by 50—75%, functional scores increased by 30-50%, with no active
infection.

e Mild improvement: Pain scores reduced by 25-50%, functional scores increased by 10-30%, with controlled but
not resolved infection.

e Failure: Pain scores reduced by <25%, functional scores increased by <10%, or persistent infection.
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Causative organisms were identified via intraoperative synovial fluid cultures (aerobic, anaerobic, and fungal) during
revision surgery. Antibiotic regimens were tailored to culture results: 27 patients received 4—6 weeks of intravenous (IV)
antibiotics (eg, vancomycin 15 mg/kg ql2h, cefazolin 2 g q8h) followed by 3 months of oral suppression (eg,
ciprofloxacin 500 mg bid); 13 patients with multi-drug resistant (MDR) organisms (eg, methicillin-resistant
Staphylococcus aureus [MRSA]) received extended IV therapy (6-8 weeks) with linezolid or daptomycin.*?

All revision surgeries were performed by two senior orthopedic surgeons using a standardized two-stage protocol:
stage 1 involved prosthesis removal, debridement, and placement of antibiotic-impregnated spacers; stage 2 (4—6 weeks
later) involved reimplantation of a new prosthesis after infection resolution (normal CRP/ESR, negative cultures). One-

stage revision was not performed in this cohort.

Statistical Analysis

A post-hoc power analysis was conducted using G¥*Power 3.1, assuming 0=0.05, power=0.8, and a medium effect size
(OR=2.0). With 40 patients (13 in the failure group), the study had 62% power to detect significant predictors, indicating
potential underpowering. Categorical data were analyzed using ¥? testing, and continuous data are presented as mean +
standard deviation (SD). Univariate analysis (z-test for continuous variables, Fisher’s exact test for categorical variables)
was performed first, with variables showing P <0.10 included in multivariate logistic regression. Analysis was conducted
using GraphPad Prism 9.0, with results reported as mean £ SEM. A significance level of P <0.05 was used for statistical

inference.

Results
General Data Analysis

Patient ages ranged from 41 to 76 years, with a mean age of 62.45+7.33 years. There were 22 male and 18 female
patients. In responders, the male-to-female ratio was 16:11 (59%:41%), with a mean age of 62.55+6.41 years and mean
BMI of 22.35+1.88 kg/m?. This group included 5 smokers (18.5%), 4 drinkers (14.8%), 9 hypertensive patients (33.3%),
and 4 with diabetes (14.8%).

In non-responders, the male-to-female ratio was 6:7 (46%:54%), with a slightly lower mean age of 61.49+15.11 years and
higher mean BMI of 23.67+2.12 kg/m?. This group included 4 smokers (30.8%), 3 drinkers (23.1%), 4 hypertensive patients
(30.8%), and 6 with diabetes (46.2%). Baseline characteristics (sex, age, BMI, hypertension) were comparable between
groups (P>0.05), while non-responders had higher proportions of smoking, drinking, and diabetes (P<0.05). (Table 1)

Peripheral Blood Routine and C-Reactive Protein Postoperatively

Postoperative peripheral blood routine and CRP levels were significantly lower in non-responders compared to respon-
ders (P<0.05). Specifically, responders had higher mean CRP (25.17£2.14 mg/L vs 16.85+0.52 mg/L), neutrophil
percentage (72.25+3.26% vs 62.82+2.12%), platelet count (259.36+12.87x10%/L vs 181.63+10.35x10%/L), and white
blood cell count (17.35+1.46x10°/L vs 12.54+0.87x10°/L). (Table 2)

Table | Baseline Patient Characteristics

Variable Responders (n=27) | Non-Responders (n=13)
Sex (male:female) 16:11 (59%:41%) 6:7 (46%:54%)

Age (years) 62.55+6.41 61.49£15.11

BMI (kg/m?) 22.35+1.88 23.67£2.12
Smoking 5 (18.5%) 4 (30.8%)
Drinking 4 (14.8%) 3 (23.1%)
Hypertension 9 (33.3%) 4 (30.8%)
Diabetes 4 (14.8%) 6 (46.2%)
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Table 2 Postoperative Blood Markers

Marker Responders (n=27) | Non-Responders (n=13) | P value
CRP (mg/L) 25.17+2.14 16.85+0.52 0.001
Neutrophil (%) 72.25+3.26 62.82+2.12 0.001
Platelets (x10°/L) 259.36+12.87 181.63+10.35 0.001
WBC (x10%/L) 17.35+1.46 12.54+0.87 0.001
Table 3 Postoperative Clinical Signs

Variable Responders (n=27) | Non-Responders (n=13) | P value
Temperature (°C) 38.65+0.59 37.12+0.35 0.009
Incision swelling (%) 20 (74.1%) 5 (38.5%) 0.001
Skin infection (%) 18 (66.7%) 3 (23.1%) 0.001

Postoperative Body Temperature, Incision Swelling, and Skin Infection
Non-responders exhibited lower mean body temperature (37.1240.35°C vs 38.65%0.59°C), reduced incision swelling
(38.5% vs 74.1%), and fewer skin infections (23.1% vs 66.7%) compared to responders (P<0.05) (Table 3).

Knee Society Score (KSS)
Preoperative KSS scores were comparable between groups (P>0.05). Postoperatively, responders had significantly higher
KSS scores (87.36+5.27 vs 74.59+4.35, P<0.05) (Table 4).

Hospital for Special Surgery (HSS) Score
Preoperative HSS scores were similar between groups (P>0.05). Postoperatively, responders had significantly higher HSS
scores (90.54+6.37 vs 77.3245.45, P<0.05) (Table 5).

Clinical Treatment Effect Analysis

Treatment efficacy was categorized as “significant”, “moderate”, “mild”, or “failure.” Responders showed 9 significant
(33.3%), 14 moderate (51.9%), and 4 mild (14.8%) improvements, with no failures. Non-responders had 1 moderate
(7.7%), 10 mild (76.9%), and 1 failure (7.7%), with significantly lower overall efficacy (P<0.05) (Table 6).

Table 4 Knee Society Score (KSS)

Group Preoperative (meantSD) | Postoperative (meantSD) | P value
Responders 55.44+3.16 87.36+5.27 0.001
Non-responders 57.29+4.28 74.59+4.35

Table 5 Hospital for Special Surgery (HSS) Score
Group Preoperative (meantSD) | Postoperative (meantSD) | P value
Responders 48.22+4.11 90.54+6.37 0.001
Non-responders 46.3914.62 77.32+5.45
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Table 6 Clinical Treatment Efficacy

Efficacy Category | Responders (n=27) | Non-Responders (n=13) | P value

Significant 9 (33.3%) 0 (0.0%) 0.002
Moderate 14 (51.9%) | (7.7%) 0.001
Mild 4 (14.8%) 10 (76.9%) 0.000
Failure 0 (0.0%) | (7.7%) 0.001

Table 7 Clinical Characteristics by Group

Variable Responders (n=27) | Non-Responders (n=13) | P value
Infection type (Gram+): 3 (11.1%) 4 (30.8%) 0.001
Infection type (fungal): 2 (7.4%) 3 (23.1%)

Deep infection: 6 (22.2%) Il (84.6%) 0.001
Antibiotic management: 18 (66.7%) 5 (38.5%) 0.001
Good compliance: 20 (74.1%) 6 (46.2%) 0.001
Postoperative monitoring: 17 (63.0%) 3 (23.1%) 0.001

Clinical Characteristics of Patients

Significant differences were observed between responders and non-responders in infection type (Gram-positive bacteria:
11.1% vs 30.8%; fungi: 7.4% vs 23.1%), infection depth (superficial: 77.8% vs 15.4%; deep: 22.2% vs 84.6%), antibiotic
management (66.7% vs 38.5%), compliance (74.1% vs 46.2%), and postoperative monitoring (63.0% vs 23.1%) (P<0.05)
(Table 7).

Factors Affecting Postoperative Treatment Effect

Multivariate logistic regression analysis identified significant predictors of successful revision surgery (Table 8). Diabetes
(OR=1.54, 95% CI=1.24-1.98, P=0.009), smoking (OR=1.60, 95% CI=1.08-2.37, P=0.026), alcohol use (OR=1.50, 95%
CI=1.05-2.15, P=0.003), Gram-positive infections (OR=1.46, 95% CI=1.12-1.90, P=0.004), infection severity
(OR=1.51, 95% CI=1.10-2.07, P=0.015), antibiotic management (OR=1.33, 95% CI=1.02—-1.74, P=0.037), and patient
compliance (OR=1.44, 95% CI=1.08-1.92, P=0.017) were significant predictors of treatment success (P<0.05). In
contrast, postoperative monitoring (OR=1.40, 95% CI=0.95-2.06, P=0.083), elderly status (OR=1.39, 95%
CI=0.88-2.20, P=0.160), and obesity (OR=1.42, 95% CI=0.92-2.19, P=0.112) showed no statistically significant

association with treatment success, as their confidence intervals included 1.

Table 8 Multivariate Logistic Regression: Predictors of Treatment

Success
Variable OR | 95% ClI | P-value
Diabetes 1.54 | 1.24-1.98 0.009
Smoking 1.60 | 1.08-2.37 0.026
Alcohol use 1.50 | 1.05-2.15 0.003
Infection type (Gram-positive vs others) | 1.46 | 1.12-1.90 0.004
Infection severity 1.51 | 1.10-2.07 0.015
Antibiotic management 1.33 | 1.02-1.74 0.037
Compliance 1.44 | 1.08-1.92 0.017
Postoperative monitoring 1.40 | 0.95-2.06 0.083
Elderly status (age 265 years) 1.39 | 0.88-2.20 0.160
Obesity (BMI 230 kg/m?) 1.42 | 0.92-2.19 0.112
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Discussion

UKA offers substantial advantages in preserving knee function and expediting recovery compared to TKA.>* %
However, PJI remains a critical complication, significantly impacting postoperative recovery and quality of life.”® Our
study identified key predictors of successful revision surgery for PJI after UKA, including patient-related factors
(diabetes, smoking, alcohol use), infection characteristics (Gram-positive pathogens, deep infection), and clinical
management (antibiotic use, patient compliance). Below, we contextualize these findings within existing literature,
explore underlying mechanisms, and propose actionable clinical recommendations.

Patient-Related Factors: Diabetes, Smoking, and Alcohol Use

Non-responders (suboptimal outcomes) had higher proportions of diabetes (46.2% vs 14.8%, P<0.05), smoking (30.8%
vs 18.5%, P<0.05), and alcohol use (23.1% vs 14.8%, P<0.05). Multivariate analysis confirmed these as significant
predictors of failure: diabetes (OR=1.54, P=0.009), smoking (OR=1.60, P=0.026), and alcohol use (OR=1.50, P=0.003).
These findings align with other reports where diabetes impairs immune function via chronic hyperglycemia and
microvascular damage, with increased PJI risk.>” Smoking, which reduces tissue oxygenation by 20-30% and impairs
neutrophil function,” and alcohol use, which disrupts cytokine balance and macrophage activity,”’ similarly elevate
infection risk. Our results emphasize the need for preoperative optimization: strict glycemic control (HbAlc <7%),
smoking cessation programs, and alcohol reduction counseling to mitigate these risks.

Infection Characteristics: Gram-Positive Pathogens and Deep Infection

Non-responders had higher rates of Gram-positive infections (30.8% vs 11.1%, P=0.001) and deep infections (84.6% vs
22.2%, P=0.001), with multivariate analysis linking both to failure (Gram-positive: OR=1.46, P=0.004; deep infection:
OR=1.51, P=0.015). This mirrors TKA studies where Gram-positive bacteria (eg, Staphylococcus aureus) form biofilms
resistant to antibiotics and host defenses,®® and deep PJI (involving bone/implant) evades debridement, increasing
recurrence.”’ Our results underscore the importance of early, aggressive intervention: synovial fluid culture to identify
pathogens, imaging (eg, MRI) to assess infection depth, and biofilm-targeted debridement (eg, high-pressure irrigation)
for deep infections.

Clinical Management: Antibiotic Use and Patient Compliance

Responders had better antibiotic management (66.7% vs 38.5%, P=0.001) and compliance (74.1% vs 46.2%, P=0.001),
with multivariate analysis confirming these as success predictors (antibiotic management: OR=1.33, P=0.037; compli-
ance: OR=1.44, P=0.017). These findings align with a recent TKA trial by Liu et al, where protocol-driven antibiotic use
(targeted vancomycin based on local epidemiology, combined with cefazolin) reduced PJI recurrence from 7.89% to
3.13% (a 60.3% reduction), emphasizing the importance of tailoring antibiotics to culture results.>> Similarly, structured
compliance programs, as shown by Han et al, improved functional outcomes by enhancing adherence to wound care and
rehabilitation—patients with >15 supervised rehabilitation sessions had 18.5-fold higher odds of successful return to
sport compared to non-adherent individuals, underscoring the value of structured protocols.’® Our data suggest that
standardized antibiotic protocols (eg, 4—6 weeks of IV therapy followed by oral suppression) and patient education (eg,
written care plans, follow-up reminders) are critical for success.

Postoperative Monitoring, Age, and Obesity: Non-Significant but Context-Dependent
While clinical characteristics showed responders had higher postoperative monitoring rates (63.0% vs 23.1%, P=0.001),
multivariate analysis found no significant association (OR=1.40, P=0.083). This likely reflects small sample size (n=13
non-responders), limiting statistical power. Similarly, elderly status (OR=1.39, P=0.160) and obesity (OR=1.42, P=0.112)
were not significant, possibly due to UKA’s selection bias toward younger, less obese patients—Thompson et al reported
that UKA is often reserved for younger patients (<60 years) with lower BMI (<35 kg/m?), as higher BMI and older age
correlate with poorer functional outcomes.** These results caution against extrapolating TKA risk factors, where age and
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obesity are significant: Bonasia et al identified obesity (BMI > 30) as a key driver of TKA complications, including
increased infection, loosening, and revision rates.>>

Inflammatory Markers and Functional Outcomes: A Double-Edged Sword

Responders had higher postoperative CRP (25.17 vs 16.85 mg/L, P=0.001), neutrophil percentage (72.25% vs 62.82%,
P=0.001), and WBC (17.35 vs 12.54x10°/L, P=0.001). This may reflect more active infection at baseline, but responders’
better functional scores (KSS: 87.36 vs 74.59; HSS: 90.54 vs 77.32, P<0.05) suggest aggressive treatment (eg, targeted
antibiotics, debridement) successfully controlled inflammation. These findings validate the utility of KSS and HSS scores
in capturing clinically meaningful recovery, as demonstrated by Karaca et al in a UKA cohort: KSS improved from 65.2
to 91.4 (P<0.05), and HSS from 67.5 to 89.9 (P<0.05), confirming their sensitivity to postoperative improvements.*®

Study Limitations and Future Directions

Our study has several limitations. The small sample size (n=40) and retrospective design limit generalizability and causal
inference. Follow-up (6 months) may not capture late recurrence, and residual confounding (eg, unmeasured comorbid-
ities) is possible. Future studies should use larger, prospective cohorts (eg, multi-center registries) to validate these
predictors and explore mechanisms (eg, diabetes-related biofilm tolerance).

Conclusion

Successful revision surgery for PJI after UKA is influenced by patient-related factors (diabetes, smoking, alcohol),
infection characteristics (Gram-positive pathogens, deep infection), and clinical management (antibiotic use, compli-
ance). Actionable recommendations include : (1) preoperative optimization of diabetes (HbAlc < 7%), smoking
cessation, and alcohol reduction; (2) routine synovial fluid culture and imaging to guide antibiotic selection and
debridement depth; (3) structured compliance programs with written care plans and follow-up reminders; and (4) biofilm-
targeted debridement for deep infections. These strategies may improve outcomes and patient quality of life.
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