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Abstract: Background: Native knee joint infections, while uncommon, present a serious condition
predominantly instigated by bacteria such as Staphylococcus aureus. Without timely intervention,
they can result in joint destruction or sepsis, with risk factors encompassing preexisting medical
conditions and iatrogenic procedures. The diagnostic process includes a comprehensive patient
history, clinical evaluation, laboratory testing, imaging studies, and microbiological investigations.
Treatment typically involves joint aspiration and arthroscopy. This study aims to examine and
establish correlations between diagnostic criteria and treatment modalities, enhancing the speed
and specificity of future therapeutic strategies. Materials and methods: The present study is a
retrospective cohort study conducted at a 1200-bed university clinic between 2007 and 2017, with
an in-depth examination of patient details, symptoms, treatments, and outcomes. A scoring system
was developed to classify the severity of knee joint impairment, categorizing patients on the basis
of hospital stay duration, surgeries, and postoperative factors such as recurring symptoms, pain,
and range of motion. Results: This study of 116 patients with knee joint infections revealed that
clinical symptoms such as pain, swelling, and effusion are common but not definitive for diagnosis.
Laboratory analysis revealed no significant differences in CRP or leukocyte counts between cultures
positive or negative for pathogens. Hospital stay and disease severity are influenced by factors
such as age, sex, presence of polyarthritis, neutrophil count, and type of pathogen, with higher
weight and cortisone treatment associated with poorer outcomes. Conclusions: This study highlights
the diagnostic challenges in native knee joint infections, revealing the need for comprehensive
approaches given the nonspecificity of clinical symptoms and laboratory findings. This underscores
the importance of advancing research through standardized methodologies and prospective studies
to increase the accuracy of diagnosis and the effectiveness of treatment in this field.

Keywords: native knee joint infections; Staphylococcus aureus; diagnostic criteria; septic arthritis;
treatment modalities

1. Introduction

Native knee joint infection, which is characterized by the incursion of pathogenic
microorganisms, predominantly bacteria, into the knee joint, causing inflammation, is
distinct from the periprosthetic infections observed in knee joint arthroplasty [1]. These
infections, though rare, can lead to severe joint damage, functional impairment, and
potentially sepsis if not promptly diagnosed and treated [2].

In Western Europe, the incidence of septic arthritis ranges from 4-10 cases per 100,000 peo-
ple, with mortality rates ranging between 7% and 15%, influenced by comorbidities [3,4].
The knee is the most commonly affected joint, accounting for 45% to 55% of cases [5].
Hematogenous spread is the leading cause, with predisposing factors such as diabetes mel-
litus and hematological diseases [6—8]. latrogenic interventions are significant exogenous
factors [9].
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The pathogen spectrum varies on the basis of the infection’s origin, patient age, and
geographic location. Staphylococcus aureus is the most prevalent pathogen in Europe, with
Streptococcus and Pneumococcus also commonly detected [10]. Different age groups
show varied prevalence rates of pathogens, with children and elderly individuals being
more likely to have Gram-negative rods and young adults showing Mycobacteria [3]. In
immunocompromised individuals, fungi such as Candida and Sporothrix may occur [11].

Overall, the type of pathogen detected depends on the infection’s origin, with highly
virulent bacteria such as Staphylococcus aureus in endogenous infections and less virulent or-
ganisms such as coagulase-negative staphylococci in exogenous infections [4]. A thorough
and reproducible diagnostic approach is vital, including detailed patient history and clinical
symptom assessment, routine laboratory tests focused on leukocyte count and C-reactive
protein (CRP) levels, and imaging to exclude bone involvement [1,11-14]. Joint aspiration
is the gold standard for diagnosis, with the aspirate’s macroscopic evaluation providing
crucial insights [15-17]. This is also part of the guideline for diagnosis of septic arthritis
in native joints (SAN]JO) [18]. Staging of the infection follows the Géachter classification,
with arthroscopy and radiological imaging revealing specific characteristics of synovial
inflammation [9,19]. Treatment typically involves arthroscopic cleansing to reduce the
bacterial load [9,11].

The aim of this study was to analyze diagnostic parameters, treatment methods,
and postoperative courses to correlate the accuracy and value of individual diagnostic
components with intraoperative findings and outcomes, ultimately enabling quicker and
more specific future diagnostic and therapeutic approaches.

2. Materials and Methods
2.1. Study Design

The present study is a retrospective cohort study conducted at an investigated hospital,
which is a 1200-bed university clinic and the only Level I trauma center in a metropolitan
area with a population of almost 1 million people. The clinic has further expertise in
arthroplasty and spine surgery, is a center for geriatric traumatology, and is a certified
cooperation partner of the German Cancer Society. Before proceeding, an ethical application
was submitted and approved by the local Ethics Commission (Ref. No. 134/18).

2.2. Patient Collective

A total of 116 cases were included in the study. These subjects were selected on
the basis of the criterion that they underwent surgical intervention for native knee joint
infections at the specified hospital between 2007 and 2017. The data were systematically
gathered via the Orbis system (Agfa HealthCare, Mortsel, Belgium).

2.3. Inclusion and Exclusion Criteria

The inclusion criteria specifically encompassed all patients with a confirmed infection
of a native (non-arthroplasty) knee joint who required at least one surgical intervention on
the affected limb to manage the infection. All patients with a cell count above 50,000, visible
purulence in the aspirate, or a positive culture from the aspirate, as well as those showing
signs of sepsis without any other infection focus besides the knee joint, were included
and underwent surgical intervention. Patients with a history of trauma or previous knee
injections were also included in the analysis. Exclusion criteria were defined as follows:
patients were excluded if they had any form of joint replacement (e.g., knee arthroplasty)
or foreign materials, such as osteosynthesis hardware, in the affected joint. Additionally,
patients with primary malignancies or metastases in the affected limb were excluded
to prevent confounding factors that could impact treatment outcomes or complicate the
interpretation of infection-related findings.
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2.4. Data Collection

The study’s data collection encompassed comprehensive patient details, including
age, sex, height, weight, admission and discharge dates, the corresponding hospital stay
duration, and the location of the affected limb. The general symptoms recorded were
fever, pain, swelling, effusion, redness, and the presence of monoarthritis or polyarthritis.
The knee joint aspiration was performed either through the lateral recess or the lateral
knee portal, following verbal and written informed consent, under sterile conditions. The
choice of approach depended on the physician’s experience. The aspirate was evaluated
for its appearance, which could range from a purulent knee effusion, characterized by
cloudy, white-yellow fluid, to a more typical synovial fluid appearance, which is viscous
and nearly transparent. Additional patient data included diagnoses, medication intake
(NSAIDs, anticoagulants, anti-theumatic drugs), and laboratory parameters (C-reactive
protein (CRP), leukocyte count, creatinine, hemoglobin (Hb), platelets, procalcitonin (PCT),
D-Dimers). Comorbidities such as myocardial infarction, systolic heart failure, peripheral
arterial occlusive disease, cerebrovascular disease, dementia, chronic lung disease, col-
lagenosis, gastroduodenal ulcer disease, mild liver disease, and diabetes mellitus were also
determined from the patient file. Data on knee joint puncture results, pre- and postopera-
tive antibiotic and cortisone intake, and surgical interventions (arthroscopy, open surgery,
combinations, or amputation) were also gathered.

Postoperatively, patients were contacted for follow-up information on their recovery.
This included data on recurrent infections, additional surgeries, infection in other joints,
renewed effusion in the affected joint, current pain levels on the VAS scale, rheumatologic
diagnostics, family history, range of motion in the affected knee, and cortisone intake
exceeding four weeks post discharge.

Patients were categorized into three groups on the basis of hospital stay duration
and the nature and number of surgeries, reflecting the severity of their hospital stay. A
mild course was defined as a stay under 14 days with intravenous (IV) antibiotic treatment
and arthroscopy. A moderate course involved a stay of less than 21 days, one to two
arthroscopies, or an open operation. A severe course was indicated by multiple surgeries
and a stay exceeding 21 days. The criteria for discharging patients from inpatient treat-
ment were declining infection rates, good clinical wound infection, and regular use of
antibiotic therapy.

A scoring system was developed to assess the severity of knee joint impairment,
factoring in recurring symptoms (0-3 points), pain (0-3 points), and range of motion
(0-3 points). The total points determine the severity of the knee joint infection, ranging
from 0 points for a favorable outcome to 9 points for a poor outcome characterized by
constant pain, recurring symptoms, and significant knee joint impairment. This system
was developed specifically for this study to provide a structured assessment of the severity
of knee joint infection based on recurrent symptoms, pain, and range of motion. No prior
validation was performed.

2.5. Statistical Analysis

The characteristics of the data are described as means with standard deviations (SDs)
or medians with interquartile ranges (IQRs) for continuous variables and as frequency
distributions with percentages for categorical variables. The normality distribution of
continuous variables was tested using the Shapiro-Wilk test. For comparisons between
patients with positive and negative culture results, t tests were used for normally distributed
continuous variables, and the Mann—Whitney U test was used for nonnormally distributed
continuous variables. Categorical variables were compared via chi-square tests. p values
were corrected for multiple testing via the Bonferroni method. The significance level was set
at p < 0.005. For specific analyses, differences in CRP levels between groups were assessed
by t tests, leukocyte counts in blood samples were compared via the Mann—Whitney U test,
and ANOVA was employed to analyze creatinine, hemoglobin (Hb), and platelet levels.
T tests were used to compare leukocyte counts and neutrophil percentages in joint aspirates.
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Chi-square tests were used to identify factors associated with complicated hospital stays
and to analyze the severity of disease progression. Binomial tests were conducted to
assess the associations between specific clinical parameters and hospital stay outcomes.
Correlation analyses were performed via chi-square tests to evaluate the impact of weight,
polyarthritis, cortisone treatment, and synovialitis on patient outcomes.

3. Results
3.1. Clinical Symptoms

The analysis incorporated data from 116 patients, comprising 76 (65.5%) males and
40 (34.5%) females. Of these, follow-up information was obtainable for 48 (42.3%) patients,
with 11 (9.4%) reported deceased patients. Figure 1 provides an overview of the course
of study. The remaining patients were either untraceable or declined to share further
information. The average follow-up duration was 52 months, with a range of 18-118 months.
The distribution of the occurrence of clinical symptoms is shown in Figure 2.

116 patients

76 males 40 females
(65.5%) (34.5%)

Avg. 52 months
(range 18 - 118
months)

11 deceased
(9.4%)

48 with follow-
up

Figure 1. The figure shows a flowchart with the course of the study. Most patients were male (65.5%).
The follow up was collected by contacting the patients via mail or phone. A total of 11 patients deceased.

Pain?
Swelling?
Effusion?

Fever?

Clinical symptoms

Redness?

Polyarthritis?

T T
0 50 100 Bl Yes

Patients [n] of 116 Bl No

Figure 2. The figure shows the distribution and prevalence of clinical symptoms observed in patients
with knee joint infections, categorized by frequency of occurrence.
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3.2. Laboratory Chemical Analysis

In patients with cultures positive for pathogenic agents, CRP levels were not signifi-
cantly higher than those in patients with negative cultures (p = 0.026). Similarly, leukocyte
counts in blood samples were not significantly different between groups with positive
pathogen detection and those without. These findings are summarized in Figure 3.
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Figure 3. Illustration of the infection parameters depending on whether a pathogenic agent was
detected or remained without evidence of microbial presence.

Further analysis revealed no significant differences in creatinine, hemoglobin (Hb),
or platelet levels between patients with and without pathogen detection via culture. The
creatinine levels were within the normal range in both groups (0.8-1.2 mg/dL). The platelet
counts were also the same in both groups and were in the normal range of approximately
200,000-380,000/uL. However, a notable observation was that Hb levels were slightly
higher in the negative culture samples, ranging from 12 to 15 g/dL, than in the positive
culture samples, which ranged from 11 to 13 g/dL.

3.3. Results of the Joint Aspirate

Elevated leukocyte counts of approximately 10,000 to nearly 100,000/ uL were detected
in the aspirate. The percentage of neutrophil granulocytes was also elevated at approxi-
mately 90%. No significant difference was detected between the two categories or between
the detected pathogens and negative cultures (see Figure 4).
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Figure 4. Cell count in the joint puncture aspirate. A comparison is made between leukocytes and
neutrophils, as well as the percentage of neutrophils.

3.4. Parameters of the Complicated Hospital Stay

The parameters marked in red, including female sex, advanced age, the presence of
polyarthrosis, various comorbidities, a high proportion of neutrophils, and the detection of
pathogens (notably Staph. aureus, E. coli, or other Gram-negative pathogens) in cultures,
other samples, and aspirates, as well as the necessity to change antibiotics, were identified
as potential contributors to a complicated and extended hospital stay. Conversely, only two
parameters, a swollen knee joint and an elevated hemoglobin (Hb) level, were associated
with a more favorable hospital stay. Figure 5 provides a comprehensive summary of all the
evaluated parameters.
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Figure 5. Compilation of parameters that promote or prevent a complicated hospital stay. The red-
colored parameters correlate with a complicated hospital stay, whereas the green-colored parameters
promote a favorable course of illness.
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3.5. Influence Parameters of Severity

Analysis revealed that among the 76 male patients with knee joint infections, ap-
proximately 45% experienced a mild course of the disease, whereas 82% of the 40 female
patients exhibited moderate to severe progression. Additionally, a swollen knee was more
commonly associated with a mild disease course, with less than 20% of mild cases present-
ing without knee swelling. In patients without swelling, moderate to severe disease was
more prevalent. Monoarthritis generally indicates a milder course, whereas polyarthritis is
associated with moderate disease progression.

The culture results also influenced the length of hospital stay. Negative cultures were
typically associated with milder disease courses, a trend that was more pronounced if the
joint puncture aspirate remained sterile. The detection of a pathogen in the aspirate led
to a severe disease course in 40% of the patients. Specifically, the presence of E. coli was
linked to severe disease in more than 60% of the cases and moderate disease in more than
35% of the cases. The absence of Staph. aureus in cultures corresponded to a mild course in
40% of the cases but also to severe progression in 20% of the cases. The detection of other
Gram-negative pathogens predominantly resulted in severe disease.

With respect to antibiotic treatment, patients whose antibiotics were not changed typi-
cally experienced a mild disease course 40% of the time. Conversely, changing antibiotics
was more often associated with moderate to severe disease progression. The classification
of these various subgroups according to the parameters is depicted in Figure 6.

Severity in subgroups

males B mild
females [ B moderate
Hl severe
not swollen
swollen

Monarthritis
Polyarthritis

Culture-negative
Pathogen detected

Aspirate sterile
Pathogen in aspirate

Staph aureus neg
Staph aureus pos

E. coli neg
E. coli pos

No other gram neg.
Other gram neg.

AB unchanged

AB switched
I T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Fraction of Total [%]

Figure 6. Degrees of severity of disease progression divided into subgroups (mild, moderate, and
severe) in relation to the examined parameters.
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Patients with severe disease progression were observed to have significantly lower Hb
values in laboratory tests compared with those with mild disease (p = 0.005), indicating that
low Hb is a predictor of severe disease progression. Although not statistically significant, a
high percentage of neutrophil granulocytes, over 90%, was noted in patients with severe
progression. Age also played a role: younger patients (3060 years) often had a mild course,
whereas those aged 50-75 years frequently experienced severe progression. Patients aged
50-65 years commonly exhibited moderate hospital course severity, with no significant
difference observed between the mild and severe progression groups (p = 0.0191).

The number of comorbidities was not significantly correlated with disease severity
(p = 0.0324). However, patients with two to five comorbidities tended to have more severe
disease courses than those with fewer or no comorbidities did, who mostly experienced
mild to moderate disease courses. The absence of pathogens in cultures, or only a few
positive cultures, generally corresponded with milder or moderate disease courses. In con-
trast, an increased number of positive cultures was significantly associated with severe
progression (p < 0.005), indicating a greater likelihood of severe disease with one or more
positive culture results.

4. Correlation

Analysis revealed that patients with greater weight, irrespective of BMI, and those
with polyarthritis tended to have poorer outcomes. Additionally, treatment with cortisone,
especially in the presence of multiple comorbidities, was generally associated with un-
favorable outcomes. High-grade synovialitis, as classified by Krenn, was also correlated
with poor prognosis. In contrast, patients with mixed infections typically experienced
better outcomes than those with monoinfections did, indicating a significant difference in
prognosis between the two groups. These findings suggest that polyarthritis leads to less
favorable outcomes than monoarthritis does, and high-grade synovialitis is indicative of a
worse prognosis than low-grade synovialitis is (see Figure 7).
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Figure 7. The figure shows the influence of polyarthritis, infections, high-grade synovitis and

cortisone treatment on the outcome at follow-up (FU). The parameters for a poor result are shown
graphically in red and those for a better result in green.
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In Figure 8, further correlations, including the relationship between patient age and
the number of comorbidities, are explored. Older patients frequently had multiple comor-
bidities, whereas younger patients had fewer comorbidities. Additionally, samples positive
for coagulase-negative staphylococci presented higher cell counts in the aspirate and a
greater proportion of neutrophil leukocytes.
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Figure 8. Correlations of risk factors and influencing factors for native knee joint infection.

5. Discussion

The analysis of 116 patients with native knee joint infections revealed significant in-
sights into disease progression and associated risk factors. Higher weight and the presence
of polyarthritis were generally linked to poorer treatment outcomes. Cortisone treatment,
particularly in patients with multiple comorbidities, was also correlated with unfavorable
results. High-grade synovialitis, as classified by Krenn, was associated with poorer prog-
noses. In contrast, patients with mixed infections typically had better outcomes than those
with monoinfections. Interestingly, patients with negative cultures or few positive cultures
often experienced milder disease courses. Furthermore, older patients tended to have
multiple comorbidities, whereas younger patients had fewer comorbidities. These findings
underline the challenges in treatment and lay the groundwork for a detailed discussion of
the implications and potential strategies for managing native knee joint infections.

The increasing incidence of native knee joint infections necessitates prompt and ac-
curate diagnosis to prevent severe joint destruction and other complications, such as
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functional limitations or sepsis. This study reaffirms the importance of a multifaceted
diagnostic approach, including patient history, physical examination, laboratory testing
with blood culture collection, X-ray imaging, and optional sonography. This finding is
consistent with previous research [2,11]. Our findings underscore the primary role of joint
aspiration and cell count determination in diagnosis [15,20].

Our data revealed that pain in the affected knee joint was a universal symptom,
aligning with prior studies that identified pain as a predominant symptom in patients
with native knee joint infections [12]. However, the nonspecific nature of the clinical
symptoms, such as swelling, effusion, redness, and fever, emphasizes the need for prompt
knee joint puncture in suspected cases. Interestingly, our analysis revealed no significant
difference in CRP levels or leukocyte counts between cultures with and without pathogen
detection, challenging the reliability of these parameters in definitively diagnosing knee
joint infections. Gerlach described that significantly elevated infection markers, such as
leukocytes and CRP, are observed only in early infections [21]. These markers are neither
specific nor sensitive and primarily serve as indicators or are used for monitoring disease
progression and treatment response [11,22]. In cases of chronic joint infections, CRP levels
are often unremarkable, which can lead to false-negative diagnoses. Moreover, in the
presence of additional infection sites or rheumatoid arthritis, elevated CRP values are
difficult to attribute to a specific cause [23].

The cell count in the aspirate, especially the presence of neutrophilic granulocytes,
did not significantly differ between positive and negative cultures in our study. This
observation aligns with Borzio et al., suggesting the need for larger sample sizes to identify
significant differences [24]. The study highlights the lack of accuracy of most clinical and
laboratory testing methods and found a synovial fluid WBC greater than 64.000 cells/uL as
an optimal cutoff with 90% specificity but only 40% sensitivity.

Key findings from this study highlight the predictive nature of certain clinical markers.
Knee joint swelling has emerged as an indicator of favorable outcomes, possibly because
of early medical intervention. Elevated Hb levels also appeared to be positive predictors,
echoing findings from hip joint infection studies and suggesting that low Hb might be a
predictor of mortality [25]. This association aligns with prior findings that low Hb levels
can indicate a more severe inflammatory response or systemic infection. For example, in the
Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) score, low Hb is considered
one of the diagnostic indicators for severe infections like necrotizing fasciitis, underscoring
the idea that decreased Hb levels may reflect underlying anemia of inflammation [26].
The favorable outcomes in mixed infections compared with monoinfections also point to
the complexities in establishing effective antibiotic regimens [27]. The detection of Gram-
negative pathogens, in particular the presence of E. coli, predominantly led to a severe
course of the disease. According to current literature, Gram-negative pathogens are partic-
ularly common in intravenous drug use and in immunocompromised patients [28]. These
factors also indicate a complicated course of the disease and require further investigation
in the future, particularly with regard to the choice of empirical antibiotics. Nevertheless,
S. aureus remains the most common in native knee joint infections [28,29].

Predisposing factors such as advanced age, comorbidities, and cortisone treatment
were associated with more severe disease progression. The increased infection risk post
cortisone injection highlights the necessity of considering patient history in diagnosis
and treatment [30,31]. Particularly due to the limited evidence and the lack of long-term
results [32], special caution should be exercised in patients with multiple comorbidities.

This study illustrates the challenges in diagnosing native knee joint infections, under-
scoring that no single diagnostic step is definitive. Chronic infections often present subtly,
making early detection challenging. Our secondary hypothesis regarding the correlation of
comorbidities with disease severity was confirmed, suggesting the need for heightened
vigilance in patients with multiple risk factors [23], especially with the increasing number
of post-arthroscopic infections and a high proportion of iatrogenic infections [33].
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As is also common in the literature, the patients in our study underwent immediate
surgical joint lavage [18,27]. There are also repeated studies showing that in the absence of
clinical sepsis, immediate joint drainage does not appear to reduce the risk of secondary
diseases compared to delayed drainage [34]. Further research is needed to further improve
care and, in particular, to ensure the best possible treatment for at-risk patients.

Future research should focus on the role of CRP and explore other biomarkers for
better diagnostic accuracy. This study highlights the imperative of timely diagnosis and
treatment initiation for improved patient outcomes. In conclusion, this study identifies
several parameters that could aid in earlier suspicion and assessment of knee joint infections,
potentially guiding clinical decisions and improving prognoses.

This study is subject to several limitations. Its monocentric nature may restrict the
generalizability of the findings. Additionally, the retrospective design of the research
introduces constraints, particularly in terms of data collection. A prospective approach
would have allowed for more focused and systematic gathering of information, potentially
improving the quality and applicability of the results.

Future research could benefit from the implementation of standardized diagnostic
protocols and criteria to ensure the consistency and replicability of findings. In this study,
variations in diagnostic practices and the initiation of therapeutic interventions may have
contributed to inconsistent outcomes.

Despite these limitations, this study offers valuable insights into the diagnosis and
management of knee joint infections. These findings underscore the need for future inves-
tigations to consider these constraints and strive to address them, thereby enriching our
understanding and treatment approaches in this field.
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