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Abstract
Introduction
The accurate diagnosis of acute septic arthritis is essential to initiating appropriate treatment and

minimizing potential cartilage damage. A synovial fluid cell count of 50,000 cells/mm3 has been used as a
diagnostic cutoff for acute septic arthritis, although data supporting this is lacking. The purpose of this
study was to assess the efficacy of synovial cell counts to predict septic arthritis in patients with
symptomatic native joints.

Methods
A retrospective review was performed of patients who were evaluated for septic arthritis at a single
institution with the use of synovial fluid analysis and adjunctive lab tests. Exclusion criteria included history
of a total joint arthroplasty of the affected joint or immunocompromised state. A true infection was
considered on the basis of positive or negative synovial aspirate cultures. We evaluated the synovial cell
count, synovial polymorphonuclear cell percentile (% neutrophils), serum white blood cell (WBC),
erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) in order to determine their association
and predictive power in a true infection.

Results
Of the 65 patients included in the study, 40 (61.5%) had a positive culture for septic arthritis and 25 (38.5%)
had negative cultures. Patients with positive cultures had a larger median % neutrophils than patients with
negative cultures (median: 93 vs. median: 86, P=0.041). They also tended to have higher serum CRP levels
compared to negative culture patients (median: 142.30 vs. 34.20, P=0.051). No outcomes were independently
highly effective in discriminating between patient groups (area under the curve (AUC) ≤ 0.67). There was no
significant difference between the synovial cell counts in patients with culture positive septic arthritis and
patients with negative cultures (median: 32435 vs 35385, P = 0.94). 

Conclusion
Patients with culture proven septic arthritis had larger % neutrophils. However, there were no other
statistically significant differences between patient groups regarding ESR, CRP, WBC, or cell count
aspiration at the time of diagnosis. No synovial cell count level was highly effective in discriminating
patients with a positive culture for septic arthritis from patients with negative cultures.

Categories: Infectious Disease, Orthopedics
Keywords: septic arthrits, cell count

Introduction
Native septic arthritis remains a common and morbid disease. In the United States, the estimated annual
incidence of septic arthritis varies from 2-10 per 100,000 people, and of adults who present to Emergency
Departments with acute joint pain, approximately 27% are diagnosed with septic arthritis [1,2]. If not treated
promptly, septic arthritis can lead to significant joint destruction, acute kidney injury, sepsis, chronic
infection, and a mortality up to 11% [3].

To avoid complications, septic arthritis must be rapidly and accurately diagnosed with early initiation of
treatment, which often involves surgical debridement. Further, pathologies such as crystalline and
inflammatory arthropathies may present with similar clinical and laboratory findings. These pathologies do
not typically require surgical intervention, so the clinician must be able to differentiate between these in
order to prevent the under-treatment of septic arthritis or over-treatment of crystalline or inflammatory
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arthritis.

The diagnosis of septic arthritis has historically been made using clinical examination and laboratory data.
The gold standard test is a positive tissue or fluid culture taken directly from the affected joint; however, this
result may take several days, delaying care to the patient and increasing the potential destruction to the
joint. Clinicians, therefore, must rely on more rapidly obtained lab testing, such as the synovial fluid white
cell count to determine if a patient has septic arthritis. It is traditionally accepted that a synovial fluid cell
count of 50,000 cells/mm3 or higher, isolated from a native joint, is diagnostic of septic arthritis with lower
counts suggestive of a crystalline or inflammatory arthropathy [4-8]. While this cutoff is often utilized, the
evidence to support such a value is relatively lacking. Previous studies that have reported this value have
used various definitions for septic arthritis, clouding the diagnostic picture. The primary objective of this
research was to review patients who have had a positive culture from a joint aspiration and compare their
synovial fluid cell count values to determine if the 50,000 cells/mm3 cutoff is truly reliable.

Materials And Methods
After Institutional Review Board approval, this retrospective cohort study was performed at a single
institution and included all patients diagnosed with septic arthritis between February 2008 and August 2018.
A search identified 490 patients by International Classification of Diseases, 9th Revision (ICD-9) Icodes
711.0 and 711.9 (pyogenic arthritis, and unspecified infective arthritis, respectively) and ICD 10 code M00.9
(pyogenic arthritis, unspecified). The patients were then screened to exclude those who did not undergo an
aspiration, those with septic arthritis involving a joint replacement, those that took antibiotics prior to the
aspiration and had a subsequent negative culture, and those patients with a diagnosis of an
immunodeficiency (defined as transplant patients on anti-rejection medication, cancer patients receiving
chemotherapy, or patients with an inflammatory disorder receiving immune-modulating medications).
Patients were included if they had confirmed culture-positive aspiration confirming septic arthritis in a
native joint. In total, 40 patients met the criteria and were then contrasted to a comparison group of 25
patients with a culture-negative aspiration, who also had not received antibiotics prior to the aspiration.

Data from the time of the patient’s initial evaluation was collected, including patient age, sex, affected joint,
and laterality. Select diagnostic laboratory values including the erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP), and white blood cell count (WBC) were reviewed. Additional data included synovial
fluid cell count, percent of synovial fluid polymorphonuclear cells (% neutrophils), culture results, and
whether the patient subsequently underwent a debridement operation.

Continuous variables were summarized with median and range, and categorical variables were summarized
with frequency and percent. Continuous variables were compared between patients with a positive and
negative culture for septic arthritis using a Wilcoxon Rank Sum test, whereas categorical variables were
compared between these two groups using a Pearson chi-square test. Additionally, to evaluate the ability of
ESR at diagnosis, CRP at diagnosis, WBC at diagnosis, and cell count and % neutrophils from the aspiration
to discriminate between patients with a positive culture for septic arthritis and those with a negative culture,
we estimated area under the receiver operating characteristic (ROC) area under the curve (AUC) along with
95% confidence intervals (CIs). An AUC of 1.0 indicates perfect predictive ability whereas and AUC of 0.5
indicates predictive ability equal to chance. All statistical tests were two-sided and p-values less than 0.05
were considered statistically significant. All statistical analyses were performed in R Statistical Software,
version 3.4.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results
There were 40 males (61.5%) and 25 females (38.5%) in the total cohort. The average age was 66 years (19-96
years). Knees were the most commonly affected joints followed by hips, shoulders, ankles, elbows, and
wrists. Patient characteristics are summarized in Table 1. 
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 Negative (N=25) Positive (N=40) p-value

Age at diagnosis 67 (19, 95) 66 (21, 96) 0.19

Males 11 (44.0%) 29 (72.5%) 0.022

Affected Joint (knee / hip / shoulder)   0.95

   Ankle 3 (12.0%) 5 (12.5%)  

   Elbow 0 (0.0%) 1 (2.5%)  

   Hip 6 (24.0%) 7 (17.5%)  

   Knee 12 (48.0%) 21 (52.5%)  

   Shoulder 3 (12.0%) 5 (12.5%)  

   Wrist 1 (4.0%) 1 (2.5%)  

Right laterality 14 (56.0%) 21 (52.5%) 0.78

Treated operatively 13 (52.0%) 39 (97.5%) <0.001

Received antibiotics prior to aspiration 0 (0.0%) 12 (30.0%) 0.002

Continuous variables are summarized with median (range), and categorical variables are summarized with number (%).P-values less
than 0.05 are considered statistically significant and are shown in bold.

TABLE 1: Patient characteristics according to culture for septic arthritis (negative or positive)

Of the 65 patients, 40 (61.5%) had a culture-positive aspirate, and 25 (38.5%) had a negative aspirate
culture. Patients who had a positive culture for septic arthritis were a higher proportion of males than
patients with a negative culture (72.5% vs. 44.0%, P=0.022). As expected, antibiotic use prior to aspiration
and operative treatment differed between the two groups (Table 1). No other patient characteristic
differences were observed between the cohorts.

Thirty-nine patients in the culture positive cohort (97.5%) underwent an irrigation and debridement
procedure. One medically complex patient was treated without formal surgical debridement due to high risk
of mortality associated with anesthesia and the surgical procedure.

Laboratory values are compared between patient groups in Table 2 and Figure 1. Culture results are
presented in Table 3. Culture-positive patients demonstrated a larger percentage of synovial
polymorphonuclear cells (% neutrophils) than patients with a negative culture (median: 93% vs. median:
86%, P=0.041). These patients also had increased ESR, CRP, and WBC values compared to the culture-
negative cohort; however, these differences were not statistically significant with the exception of CRP,
which did approach significance. Additionally, no difference in synovial fluid cell count between the culture-
positive and culture-negative patients (median: 35,385 and 32,435 respectively p=0.94). Out of 40 patients
with culture-positive septic arthritis, only 13 (32.5%) had a synovial cell count > 50,000 cells/mm3. No
studied outcomes were highly effective in discriminating between patient groups (AUC ≤ 0.67).
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 Negative (N=25) Positive (N=40) AUC (95% CI) p value

% Neutrophils 86 (4, 98) 93 (5, 100) 0.65 (0.52, 0.79) 0.041

ESR at Diagnosis 32 (1, 120) 49.5 (2, 145) 0.61 (0.44, 0.78) 0.21

CRP at diagnosis 34.20 (1.10, 352.60) 142.30 (2.60, 400.0) 0.66 (0.50, 0.83) 0.051

WBC at diagnosis 8.89 (4.00, 20.30) 10.00 (5.20, 15.40) 0.51 (0.34, 0.68) 0.89

Cell count from aspiration 35385 (157, 333000) 32435 (33, 260000) 0.51 (0.36, 0.66) 0.94

CI=confidence interval, ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, WBC = white blood cell count. Continuous
variables are summarized with median (range), and categorical variables are summarized with number (%). Twelve patients were
missing ESR at diagnosis, fifteen patients were missing CRP at diagnosis, and four patients were missing WBC at diagnosis. P-
values less than 0.05 are considered statistically significant and are shown in bold.

TABLE 2: Laboratory values according to culture for septic arthritis status

FIGURE 1: Synovial fluid cell count between groups
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 Isolates (N=43)  Isolate frequency (% of aspirates)

Methicillin resistant Staphylococcus aureus 15  (37.5%)

Staphylococcus aureus 13  30.0%

Group B Streptococci 3  7.5%

Coagulase-Negative Staphylococci 2  5.0%

Pseudomonas aeruginosa 1  2.5%

Streptococcus viridans 1  2.5%

Streptococcus pneumoniae 1  2.5%

Propionibacerium acnes 1  2.5%

Group G Streptococci 1  2.5%

Serratia marcescens 1  2.5%

Diphtheroid bacilli 1  2.5%

Ralstonia picketti 1  2.5%

Caulobacter Sp. 1  2.5%

Verticillium Sp. 1  2.5%

Mycobacterium avium 1  2.5%

43 isolates were identified from 40 aspirate samples. Isolate frequency is expressed as the percentage of aspirates that cultured the
identified isolate (N =40).

TABLE 3: Bacterial isolate percentiles in culture positive joints

Discussion
The diagnosis of septic arthritis continues to be a challenging task for clinicians. Delayed diagnosis may lead
to irreversible joint damage while over-diagnosis may cause patients to undergo unnecessary medical and
surgical treatments; therefore, accurate diagnosis is crucial [9]. The gold standard diagnostic test remains a
positive culture from the affected joint. As cultures often take days to produce results, clinicians must rely
on alternate laboratory data in order to initiate prompt treatment. In addition to common blood tests such
as the ESR, CRP, and CBC, the synovial fluid cell count and percentage of synovial fluid polymorphonuclear
cells from the joint aspiration is perhaps the most critical determinant of native septic arthritis. A synovial
fluid cell count of 50,000 cells/mm3 or higher is typically concerning for septic arthritis in a native joint,
while lower values are more consistent with a crystalline or inflammatory arthropathy [4-8,10]. However, the
literature to support this cutoff is rather limited, yet this value is treated in a dogmatic manner. 

Previous reports have used varying definitions for septic arthritis; while synovial cultures are the gold
standard, they are estimated to be only 75%-95% sensitive [5,6,11]. It is thought that if synovial cultures are
used in isolation then some instances of septic arthritis may be missed [4,12]. In 1976, Newman defined
septic arthritis as being present if one of the following criteria were met: 1) an organism isolated from the
affected joint, 2) an organism isolated from elsewhere with a clinically swollen, painful joint, 3) no organism
isolated, but histologic or radiologic evidence of infection, and 4) turbid fluid aspirated from the joint in a
patient that has previously received antibiotics [11]. This definition remains popular today and is often used
in lieu of positive cultures [5].

In the present study, those patients with culture-positive septic arthritis were included (rather than those
that strictly fit Newman’s definition) to limit the inclusion of false positive patients. In this manner we likely
missed cases of septic arthritis; the purpose, however, was not to determine the prevalence of septic arthritis
at our institution, but rather to determine the synovial cell count in patients with true septic arthritis.
Likewise, in the comparison group, we excluded all patients that had a negative culture who had received
antibiotics prior to the aspiration due to the possibility that this may have masked the infection. While this
does not serve as a perfect comparison group (as many of these patients still underwent treatment for
presumed septic arthritis), their data is useful to contrast against patients with culture-positive septic
arthritis.
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Previous studies have attempted to evaluate the diagnostic power of laboratory findings in septic arthritis
and have reported conflicting results [5,6,13-19]. For example, a systematic review by Margaretten et al.
evaluated 14 studies in order to determine the most accurate laboratory evaluation for diagnosing septic
arthritis [5]. Their criteria for diagnosing septic arthritis was similar to Newman’s, including patients with
positive cultures as well as those that responded to antibiotics. They reported that the synovial cell count
and percentage of polymorphonuclear cells in the aspiration were the most powerful tests for septic
arthritis. A synovial cell count of 25,000 - 50,000 cells/mm3 had a likelihood ratio of 2.9 for septic arthritis,
whereas a cell count of >50,000 cells/mm3 had a likelihood ratio of 7.7. Similarly, patients with >90%
neutrophils in the aspiration had a likelihood ratio of 3.4, compared to 0.34 for those with <90% neutrophils
in the aspirate. They found that joint pain was 85% sensitive and swelling was 78% sensitive, but
recommended relying on the lab tests more than physical examination [5]. A separate study using similar
diagnostic criteria reported a lower likelihood ratio of 1.06 if the cell count was 25,000 - 50,000, rising to 3.59
once the cell count was above 50,000 cells/mm3 [13].

In contrast to the two previous studies, Li et al. performed a retrospective review of 156 patients who
underwent arthrocentesis. Their diagnostic criteria for septic arthritis included only those with positive
cultures or intraoperative findings suggestive of infection. They reported that a cell count of 50,000 had a
sensitivity of only 50% and instead recommended a cutoff of 17,500 in order to maximize the sensitivity
(83%) and specificity (67%). They recommended using this cutoff to assist in ruling out septic arthritis rather
than diagnosing it [6].

In our study, we found no statistically significant difference in the average cell count between the culture-
positive and culture-negative cohorts. We also found that most patients with culture-positive septic arthritis
had a synovial cell count that was below the 50,000 cells/mm3 cutoff that is been reported in the literature.
Moreover, the synovial cell count was found to be ineffective in predicting septic arthritis (AUC 0.51,
P=0.94).

Our study additionally demonstrated that the percentage of polymorphonuclear cells in the synovial fluid
was one of the most accurate laboratory tests for predicting septic arthritis, similar to the study by
Margaretten et al. [5]. The results of this study disagree with Margaretten’s conclusion that clinicians should
rely on laboratory testing rather than physical examination to diagnose septic arthritis as none of the
laboratory tests proved to have a high reliability as based on the AUC ≤ 0.67.

There were several limitations with this study. It was a retrospective review and has all the weaknesses
inherent with a retrospective study design. Multiple joints were included which may have different
physiologic responses to infection, however, previous studies have also included multiple joints in the study
design [16-17]. The main weakness was the small sample size and was largely due to our strict criteria for
diagnosing septic arthritis. Despite these limitations, we believe the data is valuable as this helps us better
define the importance of the synovial cell count when attempting to diagnose septic arthritis.

Conclusions
In conclusion, the vast majority of immunocompetent patients with culture-positive septic arthritis treated
at our institution had a synovial cell count less than the historical recommended cutoff of 50,000 cells/mm3.
We recommend relying less on the absolute synovial cell count and more heavily on the complete clinical
picture, including history, physical examination, variety of laboratory values with emphasis on the
percentage of polymorphonuclear cells in the synovial fluid in order to most promptly diagnose and treat
patients with native septic joint arthritis. 

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Mayo Clinic IRB issued approval
18-007922. This study was approved by Mayo Clinic's Institutional Review Board. . Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. La Torre IG: Advances in the management of septic arthritis . Rheum Dis Clin North Am. 2003, 29:61-75.

10.1016/s0889-857x(02)00080-7
2. Jeng GW, Wang CR, Liu ST, et al.: Measurement of synovial tumor necrosis factor-alpha in diagnosing

emergency patients with bacterial arthritis. Am J Emerg Med. 1997, 15:626-629. 10.1016/s0735-
6757(97)90173-x

2020 Rasmussen et al. Cureus 12(6): e8577. DOI 10.7759/cureus.8577 6 of 7

https://dx.doi.org/10.1016/s0889-857x(02)00080-7 
https://dx.doi.org/10.1016/s0889-857x(02)00080-7 
https://dx.doi.org/10.1016/s0735-6757(97)90173-x
https://dx.doi.org/10.1016/s0735-6757(97)90173-x


3. Coakley G, Mathews C, Field M, et al.: BSR & BHPR, BOA, RCGP and BSAC guidelines for management of
the hot swollen joint in adults. Rheumatology. 2006, 45:1039-1041. 10.1093/rheumatology/kel163a

4. Horowitz DL, Katzap E, Horowitz S, Barilla-LaBarca ML: Approach to septic arthritis. Am Fam Physician.
2011, 84:653-660.

5. Margaretten ME, Kohlwes J, Moore D, Bent S: Does this adult patient have septic arthritis? . JAMA. 2007,
297:1478-1488. 10.1001/jama.297.13.1478

6. Li SF, Cassidy C, Chang C, Gharib S, Torres J: Diagnostic utility of laboratory tests in septic arthritis . Emerg
Med J. 2007, 24:75-77. 10.1136/emj.2006.037929

7. Mathews CJ, Weston VC, Jones A, Field M, Coakley G: Bacterial septic arthritis in adults. Lancet. 2010,
375:846-855. 10.1016/S0140-6736(09)61595-6

8. Sharff KA, Richards EP, Townes JM: Clinical management of septic arthritis. Curr Rheumatol Rep. 2013,
15:332. 10.1007/s11926-013-0332-4

9. Roy S, Bhawan J: Ultrastructure of articular cartilage in pyogenic arthritis . Arch Pathol. 1975, 99:44-47.
10. Mathews CJ, Coakley G: Septic arthritis: current diagnostic and therapeutic algorithm . Curr Opin

Rheumatol. 2008, 20:457-462. 10.1097/BOR.0b013e3283036975
11. Newman JH: Review of septic arthritis throughout the antibiotic era . Ann Rheum Dis. 1976, 35:198-205.

10.1136/ard.35.3.198
12. Shmerling RH: Synovial fluid analysis. A critical reappraisal . Rheum Dis Clin North Am. 1994, 20:503-512.
13. Carpenter CR, Schuur JD, Everett WW, Pines JM: Evidence-based diagnostics: adult septic arthritis . Acad

Emerg Med. 2011, 18:781-796. 10.1111/j.1553-2712.2011.01121.x
14. Weston VC, Jones AC, Bradbury N, Fawthrop F, Doherty M: Clinical features and outcome of septic arthritis

in a single UK Health District 1982-1991. Ann Rheum Dis. 1999, 58:214-219. 10.1136/ard.58.4.214
15. Uchida K, Yayama T, Kokubo Y, et al.: Direct detection of pathogens in osteoarticular infections by

polymerase chain reaction amplification and microarray hybridization. J Orthop Sci. 2009, 14:471-483.
10.1007/s00776-009-1373-4

16. Deesomchok U, Tumrasvin T: Clinical Study of culture-proven cases of non-gonococcal arthritis . J Med
Assoc Thai. 1990, 73:615-623.

17. Kaandorp CJ, Van Schaardenburg D, Krijnen P, Habbema JD, van de Laar MA: Risk factors for septic arthritis
in patients with joint disease. Arthritis Rheum. 1995, 38:1819-1825. 10.1002/art.1780381215

18. Kinugasa M, Kobayashi D, Satsuma S, Sakata R, Shinada Y, Kuroda R: The predictive value of synovial
glucose level in septic arthritis. J Pediatr Orthop B. 2020, 292-296. 10.1097/BPB.0000000000000628

19. Uzoigwe CE: Another look: is there a flaw to current hip septic arthritis diagnostic algorithms? . Clin Orthop
Relat Res. 2014, 472:1645-1651. 10.1007/s11999-013-3142-0

2020 Rasmussen et al. Cureus 12(6): e8577. DOI 10.7759/cureus.8577 7 of 7

https://dx.doi.org/10.1093/rheumatology/kel163a
https://dx.doi.org/10.1093/rheumatology/kel163a
https://www.ncbi.nlm.nih.gov/pubmed/?term=horowitz+AND+approach+to+septic+arthritis
https://dx.doi.org/10.1001/jama.297.13.1478
https://dx.doi.org/10.1001/jama.297.13.1478
https://dx.doi.org/10.1136/emj.2006.037929
https://dx.doi.org/10.1136/emj.2006.037929
https://dx.doi.org/10.1016/S0140-6736(09)61595-6
https://dx.doi.org/10.1016/S0140-6736(09)61595-6
https://dx.doi.org/10.1007/s11926-013-0332-4
https://dx.doi.org/10.1007/s11926-013-0332-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roy+and+Ultrastructure+of+articular+cartilage+in+pyogenic
https://dx.doi.org/10.1097/BOR.0b013e3283036975
https://dx.doi.org/10.1097/BOR.0b013e3283036975
https://dx.doi.org/10.1136/ard.35.3.198
https://dx.doi.org/10.1136/ard.35.3.198
https://www.ncbi.nlm.nih.gov/pubmed/?term=shmerling+AND+synovial+fluid+analysis.+a+critical+reappraisal
https://dx.doi.org/10.1111/j.1553-2712.2011.01121.x
https://dx.doi.org/10.1111/j.1553-2712.2011.01121.x
https://dx.doi.org/10.1136/ard.58.4.214
https://dx.doi.org/10.1136/ard.58.4.214
https://dx.doi.org/10.1007/s00776-009-1373-4
https://dx.doi.org/10.1007/s00776-009-1373-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=deeesomchok+AND+clinical+study+of+culture-proven+cases
https://dx.doi.org/10.1002/art.1780381215
https://dx.doi.org/10.1002/art.1780381215
https://dx.doi.org/10.1097/BPB.0000000000000628
https://dx.doi.org/10.1097/BPB.0000000000000628
https://dx.doi.org/10.1007/s11999-013-3142-0
https://dx.doi.org/10.1007/s11999-013-3142-0

	A Retrospective Review of Native Septic Arthritis in Patients: Can We Diagnose Based on Laboratory Values?
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	TABLE 1: Patient characteristics according to culture for septic arthritis (negative or positive)
	TABLE 2: Laboratory values according to culture for septic arthritis status
	FIGURE 1: Synovial fluid cell count between groups
	TABLE 3: Bacterial isolate percentiles in culture positive joints

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


