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Abstract: The context of a constant increase of the number of primary and revision total joint 
arthroplasty performed each year is associated with the increased risk of complication that is 

expected (both prosthetic joint infection and aseptic loosening). Having in mind this fact, the 

Academic Emergency Hospital Sibiu, Romania adopted and implemented, with the beginning of 

September 2016, a new strategy for the diagnosis of prosthetic joint infections, strategy that uses 
sonication fluid cultures and different synovial fluid biomarkers. The aim of this study was to evaluate 

the role of cellular count of the synovial fluid, leucocyte esterase, and C-reactive protein in synovial. 

The sensitivity and the specificity of the synovial fluid leukocyte count, % of neutrophils in the 

synovial fluid, synovial leucocyte esterase and synovial C-reactive protein were 73.33%/100%, 
80%/85.71%, 80%/93.33%, 100%/86.66% respectively. In conclusion, bacteria culture of SF remains 

the gold standard (with a sensitivity and a specificity of 100%). Leucocyte esterase, synovial fluid 

leukocyte count, the % of neutrophils in the synovial fluid, and the synovial C-reactive protein 

represent a useful tool for rapid diagnosis of prosthetic joint infections. A diagnosis that remains a 
difficult one. 
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INTRODUCTION 

Total hip and knee arthroplasty are surgeries with a 

primary purpose of restoring the joint function. There are used 

in persons affected by osteoarthritis and increasingly used in the 

elderly population, that is a growing population, for both the 

treatment of the degenerative joint disease and also for femoral 
head fractures. Joint replacement surgeries have a significant 

effect on the quality of life, on the reduction of symptoms, on 

regaining physical function, and also on regaining the 
independence of daily routines and improving mobility.(1,2) An 

increased risk of complication is expected to be associated with 

the constant increase of the number of both primary and revision 

joint replacement surgeries that is seen in the last years (both 
prosthetic joint infection and aseptic loosening). Prosthetic joint 

infections are biofilm-related infection.(3)  

The biofilm is a structure consisting of bacterial cells 

(one or more microorganism species), an aggregate of 
microorganisms, in which cells are surrounded by a matrix 

produced by the bacteria, a structure in which the cell that are 

adherent to each other and/or to a surface.(4) A correct and rapid 

diagnosis of the prosthetic joint infections is decisive for a 
correct therapeutic management. Diagnosis that based on a 

combination of clinical signs, laboratory data and imagistic 

studies, a diagnosis that still remains a difficult one. The 

therapeutic management of the cases of aseptic failure is 
different from the ones of prosthetic joint infections, and an 

accurate diagnosis is crucial for treatment outcome.(5) 

Prosthetic joint infections increase the hospitalization period and 

the cost of treatment for these patients.(6-8) Having in mind this 
fact, the Academic Emergency Hospital Sibiu, Romania adopted 

and implemented, with the beginning of September 2016, a new 

strategy for the diagnosis of prosthetic joint infections, strategy 

that uses sonication fluid cultures and different synovial fluid 

biomarkers.  

 

PURPOSE 

The aim of this study was to evaluate the role of 

cellular count of the synovial fluid, leucocyte esterase, and C-

reactive protein in synovial. 
 

MATERIALS AND METHODS 

Study design 
At the Academic Emergency Hospital Sibiu, Romania, 

a county hospital with 1054 beds, three intensive care unit 

services; general, vascular, thoracic surgery department, internal 

medicine, cardiology, neurology, hematology, oncology, 
infectious diseases department and orthopedic department, a 

single-center, observational, cohort, and ongoing study is 

conducted. An orthopedic department where around 1000 

surgical procedures are performed each year, including primary 
interventions and revisions of joint prostheses. Before patient 

enrolment, the study protocol was approved by the institutional 

review board. We applied a strict diagnostic system to all the 

enrolled patients in the study, patients that underwent a surgical 
intervention of revision of a total joint prosthesis, to determine 

the cause of failure. In particular, to this study we implemented 

a diagnostic strategy that includes sonication of the removed 

prosthetic components or of an PMMA 
(polymethylmethacrylate) spacer and harvesting of the 

sonication fluid for bacteriological examination, cellular count 

of the synovial fluid, and the detection of leucocyte esterase, and 

C-reactive protein in synovial fluid. 

Study population 

Regarding the study population, in a prospectively 

manner we included all consecutive patients, with an aged over 

18 years, hospitalized in our hospital, with the beginning of 
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September 2016 to the end of November 2017, patients who 

underwent a joint arthroplasty revision surgery. Detailed 

information was accessed from the medical records using a 
standardized data collection form. We evaluated the records for 

this specific study for the following data: demographic 

characteristics; laboratory, and microbiological data. For all the 

enrolled patients, the required information was available in full. 
We have followed the patients for a maximum of 28 months. 

Descriptive statistics was used to summarize the demographic; 

for each test, sensitivity, specificity, and predictive values were 

calculated; differences between prosthetic joint infection and 
aseptic loosening were evaluated by means of Student’s t test for 

continuous variables (like serum CRP) and chi-squared test for 

categorized data (like leucocyte esterase), and we analyzed the 

data using PSPP, version 1.0.1. A p value ≤0.05 was considered 
statistically significant. 

Study definitions and classification 

Prosthetic joint infection was defined using criteria 

from the new definition for periprosthetic joint infection from 

the workgroup of the Musculoskeletal Infection Society 

published by Javad Parvizi et al.: and  we used the classification 

proposed by Zimmerli et al, that defines the prosthetic joint 

infections as early (occurring within 3 months postoperatively), 
delayed (3-24 months) and late (> 24 months).(9) To determine 

whether or not there is an acute, late chronic or acute late 

prosthetic joint infection.  

Synovial fluids studies  
Synovial fluids were analyzed for cellular count, C-

reactive protein, and leucocyte esterase. Preoperatively, synovial 

fluid was aspirated and transferred into two sterile vials. One of 

the vials contained EDTA for the determination of the leukocyte 
count and the percentage of granulocytes. The other was a vial 

for bacterial culture and it was a native one. After collection, 

samples were transported to the laboratory, where the vials were 

processed within 10-15 minutes. We assessed previous studies 
that have established the optimal cutoff points for the diagnosis 

of prosthetic joint infections with a synovial leukocyte count 

greater than >1.7 G/l or >65% neutrophils in knee prosthesis or 

leukocyte count >4.2 G/l or >80% neutrophils in hip 
prosthesis.(1,10) Regarding the detection of leucocyte esterase, 

we assessed the synovial fluid using enzymatic colorimetric 

strips (Dirui A10 Urine Analysis Reagent Strips, Dirui Industrial 

Co. Ltd, Changchun, China). To limit interference with the 
assays, between 1-4 ml of synovial fluid were centrifuged at 

2500 rpm for 5 minutes. One drop of the resulted precipitate was 

placed on the pad for the detection of leucocyte esterase of the 

strip. The reaction was assessed according to the manufacturer. 
Production of purple color indicated a positive test. The 

determination of C-reactive protein from the synovial fluid was 

performed in an automated turbidimetric method using a 

specific reagent kit and on an ARCHITECT c4000 system 

(Abbott Laboratories, Illinois, U.S.A.). 

Sonication of the retrieved implants. sonication 

fluid cultures 
We retrieved both prosthesis implants or 

polymethylmethacrylate spacer and we sonicated them. In the 

operating theatre, saline sterile solution was added in the sterile 

containers, that were previously sterilized according to the 
manufacturer and packed in a double manner. We processed the 

implants within 20-30 minutes by sonication for 1 min using an 

ultrasound bath (BactoSonic®14.2, Bandelin GmbH, Berlin, 

Germany) at a frequency of 42 kHz and a power density of 
0.22W/cm2. 50ml of sonication fluid is centrifuged at 2500 rpm 

for 5 minutes after previously the resulted sonication fluid was 

vortexed. The resulted precipitate was inoculated onto Columbia 

agar with sheep blood (incubated aerobically, anaerobically and 

in high concentration of CO2), Sabouraud plate, MacConkey 

agar plate, glucose broth, lactose broth and thioglycollate broth. 

Cultures are incubated at 37°C for 14 days and inspected in a 
daily manner for bacterial growth. Isolated bacteria are 

identified using the VITEK 2 Compact analyzer (bioMérieux, 

Marcy-l’Étoile, France). The MICs (minimum inhibitory 

concentrations) are assessed according to the EUCAST 
breakpoints. The sonication fluid cultures were considered 

positive, if >50 CFU/ml of sonication fluid were counted.(11-

13) 

 

RESULTS 

Demographic characteristics of the enrolled 

patients 

A total of 30 patients were enrolled in this study in the 
analyzed period (September 2016 to the end of November 

2017), representing a total number of 30 retrieved implants, 

prosthesis (n=26) or polymethylmethacrylate spacers (n=4). The 

final diagnosis of aseptic failure was in 15 cases (50%) and 

prosthetic joint infections in 15 (50%) of the enrolled cases in 

the study. The 15 cases of prosthetic joint infections included 

patients with hip (n=6), knee (n=6) prosthesis and 3 patients 

with a prosthetic joint infection diagnosed after the sonication of 
hip PMMA spacers. Regarding the 15 cases of aseptic failure 

enrolled in our study, we were able to sonicate hip (n=13) 

prosthesis, and knee (n=2) prosthesis and 1 patient with a hip 

PMMA spacer. Regarding the age of the patients, the mean 
patient age at the time of the diagnosis of the prosthetic joint 

infection was 67 years (range, 56 to 83 years), and 9 (60%) were 

male patients. The mean patient age at the time of revision of the 

aseptic failure cases was 63 years (range, 44 to 79 years), and 8 
(53.33%) were male patients. Among the 15 prosthetic joint 

infections cases, 2 (12.5%) were early postoperative, 4 (25%) 

were delayed postoperative (low-grade) and 9 (60%) were late 

infections. The two groups did not significantly differ for gender 
ratio or age.  

Laboratory data of the enrolled patients 

Erythrocytes sedimentation rate (ESR), and serum C-

reactive protein (CRP), were determined at all the enrolled 
patients in the study. The mean ESR (reference value 0-15 

mm/h) values for the prosthetic joint infection cases and aseptic 

loosening cases were 41.5 mm/hour and 26.1 mm/hour, 

respectively. The mean serum CRP (reference value <6 mg/dl) 
values for prosthetic joint infection and aseptic loosening cases 

were 36 mg/L (range, 7 to 70) and 8 mg/L (range, 0 to 25), 

respectively. The serum CRP level was higher in the prosthetic 

joint infections group than in aseptic loosening one. The 
erythrocyte sedimentation rate was markedly lower at the 

aseptic loosening patients than in the prosthetic joint infections 

group. The two groups did not significantly differ for ESR rate 

but were significantly differ for serum CRP level (p <0.002).  

Synovial fluid study  

From the retrieved synovial fluid, cellular count of the 

synovial fluid, detection of leucocyte esterase, and C-reactive 

protein were performed. All three studied parameters were 
higher in the prosthetic joint infections group than in aseptic 

loosening one, and all three being significantly differ. Regarding 

the mean total synovial fluid leukocyte count for the prosthetic 
joint infection cases it was 13 G/L (range, 3.2 – 29) and for the 

aseptic loosening cases it was 0.6 G/L (range, 0.2-1), p <0.001. 

The assessment of the % of neutrophils was in the prosthetic 

joint infection cases 70% (range, 42-95%) and in the aseptic 
loosening cases 43.2% (range, 0 to 70%), p <0.002.  

For the 30 patients included in our study, we were able 

to obtain enough synovial fluid for the leucocyte esterase strip 

test for all enrolled patients in the study. For the aseptic 
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loosening group, the strip test was positive for one patient and it 

was graded as + and for the rest of the patients it was negative 

(n=14), in contrast with the prosthetic joint infection group, the 
leucocyte esterase strip test was negative in three cases (one 

delayed infection and 2 late infections) and was positive as + or 

++ in 12 patients (p<0.00 septic versus not septic patients).  

Finally, the mean C-reactive protein in synovial fluid 
for the prosthetic joint infection cases was 34 mg/L (range, 12 – 

63) and for the aseptic loosening cases was 2.55mg/l (range, 0-

7). C-reactive protein was significantly higher in the infected 

patient group than in the aseptic loosening patients group (p 
<0.003).  

Microbiologic characteristics 

Microbial growth was observed in all cases of 

prosthetic joint infections. From the sonication fluid culture, a 
single causative agent was isolated in 13 (86.6%) and a 

polymicrobial infection in 2 (13.3%) cases. We were able to 

isolate the following strains: Staphylococcus epidermidis (n=4; 

>1000CFU/ml); Staphylococcus lentus (n=1, >50CFU/ml); 
Staphylococcus xylosus (n=1, >50CFU/ml); S. aureus (n=3, 

>1000CFU/ml); Enterococcus faecalis (n=2, >50CFU/ml); 

Ralstonia pickettii (n=2, >50CFU/ml); Enterobacter spp. (n=1, 

>50CFU/ml); Klebsiella spp. (n=1, >50CFU/ml), Pseudomonas 
spp. and (n=1, >50CFU/ml). 

Comparison of diagnostic techniques 

The performance of the used diagnostic methods is 

summarized in table no. 2. The synovial C-reactive protein test 
showed the best performances in terms of sensitivity, followed 

by leucocyte esterase strip test, % of neutrophils in the synovial 

fluid, and synovial fluid leukocyte count. Regarding the 

specificity of the used tests, synovial fluid leukocyte count 
showed the best performances followed by leucocyte esterase 

strip test, synovial C-reactive protein test, and % of neutrophils 

in the synovial fluid. Compared with the used tests, culture of 

the sonication fluid still remains the gold standard in diagnosing 
prosthetic joint infections with the sensitivity and specificity of 

100%.  

 

Table no. 1. Performance of used diagnostic methods 

 

DISCUSSIONS 
Prosthetic joint infections represent serious 

complication of total joint arthroplasty and require early, rapid, 

and accurate diagnosis. The diagnosis of PJI relies on a series of 

criteria.(1,14,15) Until this moment, there is no clearly defined 
standard for the diagnosis of prosthetic joint infection.(16) It is 

mandatory for the management of prosthetic joint infections 

cases, a multidisciplinary approach.(1) Associated with 

conventional microbiological methods like culture, prosthesis 
sonication and molecular methods are definitely improving the 

diagnostic performances.(17)  

Leukocyte esterase is an enzyme primarily secreted by 

neutrophils, as in cases with PJIs, neutrophils will secrete 

leukocyte esterase around an infected joint (18), leukocyte 

esterase strip test has been used for the diagnosis of urinary tract 
infections (UTIs) since the early 1980s (19-21) and it has been 

reported to have good sensitivity and specificity.(22) In 2011, 

Parvizi et al. were the first to show that the LE strip test 

demonstrates high sensitivity and specificity for the diagnosis of 
prosthetic joint infections in the knee joint. The leukocyte 

esterase strip test is a rapid test, with results that can be obtained 

in two or three minutes.(18) Many studies have confirmed the 

reliability of the leukocyte esterase strip test.(22-26) Since 2014, 
with the modified diagnostic criteria of the MSIS, a positive LE 

test is considered to be a minor criterion, and it is equivalent to 

the synovial white blood cell (WBC) count.(14)  

In our study, the LE strip test had a sensitivity of 80% 
(95% CI, 54.84-92.95%) and a specificity of 93.33% (95% CI, 

70.18-98.81%). Parvizi et al reported sensitivity and specificity 

of 80.6% (95% CI, 61.9–91.9%) and 100% (95% CI, 94.5–

100.0%), respectively (18), and they also showed its correlation 

with the percentage of polymorphonuclear leucocytes and total 

white blood-cell count in synovial fluids. Similar data to ours 

was reported also by Li et al, they reported a sensitivity of 

92.1% (95% CI, 77.5–97.9%) and a specificity of 96.4% (95% 
CI, 86.4–99.4%).(27) Wang et al reported a sensitivity of 90% 

and a specificity of 97%.(28) De Vecchi et al, reported in there 

study a 92.6% specificity and a sensitivity of 97%, that was 

similar to what we were able to find in our study for leucocyte 
esterase.(29) 

Regarding the synovial C-reactive protein it showed a 

higher sensitivity and lower specificity with respect to LE. It is 

suggested that serum CRP is likely to diffuse into joint fluid 
thanks to alterations in synovial permeability, as a result of the 

inflammatory process caused by infection.(29,30). Different cut-

off values for CRP have been reported ranging between 2.5 and 

9.5 mg/L (29-32), which were associated with variable 
sensitivity and specificity. We used a cut-off limit of 6 mg/L, 

which allows us to obtain acceptable specificity and sensitivity. 

De Vecchi et al, reported in there study a 81.5% specificity and 

a sensitivity of 94.1%.(29) 
In our study, the synovial fluid leukocyte count had a 

sensitivity of 73.33% (95% CI, 48.05-89.10%) and a specificity 

of 100% (95% CI, 79.61-100%) and the % of neutrophils in the 

synovial fluid had a sensitivity of 80% (95% CI, 54.84-92.95%) 
and a specificity of 85.71% (95% CI, 60.06-95.99%). Dinneen 

et al reported for the synovial white cell count a sensitivity of 

89.5% and a specificity of 91.3%, higher values then ours, and 

for the % of neutrophils in the synovial fluid higher then the cut-
off value, a sensitivity of 89.7% and a specificity of 86.6% 

similar values to our data.(33) Trampuz et al aimed to define 

cut-off values for synovial fluid leukocyte count and % of 

neutrophils in the synovial fluid that would reliably indicate 

prosthetic joint infection in revision TKRs. Using the same 

values a higher sensitivity (94%) but a lower specificity (88%) 

were reported with similar specificity and sensitivity regarding 

the % of neutrophils in the synovial fluid as ours.(10) Ghanem 
et al reported from a study of 429 cases with different cut-off 

values ( >1100 white cells/µl of which > 64% were neutrophils), 

a slightly higher sensitivity (90.7%) but again a lower specificity 
(88.1%).(34) 

The analysis of cultures of the sonication fluid 

samples from the published data, showed a wide range of 

performances. Despite the absence of a reference standard, it 
still remains difficult to assess the sensitivity and specificity 

values of sonication fluid culture that ranges from 50% to 92% 

and from 65% to 94%, respectively.(35) In our study, sonication 

fluid culture had the best performance. 

Diagnostic 

method 

% sensitivity 

(95% CI) 

% specificity 

(95% CI) 

% PPV 

(95% CI) 

% NPV 

(95% CI) 

Synovial fluid 

leukocyte 

count 

73.33(48.05-

89.10) 

100.00(79.61-

100.00) 

- 0.267(0.11

5-0.617) 

% of 

neutrophils in 

the synovial 

fluid  

80.00(54.84-

92.95) 

85.71(60.06-

95.99) 

5.6(1.514-

20.709) 

0.233(0.08

3-0.657) 

Leucocyte 

esterase 

80.00(54.84-

92.95) 

93.33(70.18-

98.81) 

12(1.776-

81.064) 

0.214(0.07

7-0.595) 

Synovial C-

reactive 

protein 

100.00(79.61-

100.00) 

86.67(62.12-

96.26) 

7.5(2.064-

27.252) 

0 

Culture of the 

sonication 

fluid 

100.00 

(79.61-

100.00) 

100 (79.61-

100.00) 

- - 
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Obviously, also this study has some limitations: the 

first one is the limited studied population, respectively the 

limited population with prosthetic joint infections enrolled in the 
study. Our center is not dedicated to the treatment of prosthetic 

joint infections, but with the introduction of the new protocol 

and with the dedicated team that is managing these cases 

(orthopedic surgeon – infectious disease specialist – 
microbiologic), the prevalence of prosthetic joint infections in 

our population might be higher. It is a single center study. The 

analyzed methods in this study have there one limitations, like 

the leucocyte esterase strip test has difficulties in reading color 
development due to the presence of blood or debris. Larger 

studies are needed to confirm these results. Nevertheless, our 

results are very promising. 

 

CONCLUSIONS 

In conclusion, bacteria culture of sonication fluid 

remains the gold standard in diagnosing prosthetic joint 

infections. The leukocyte esterase strip test was found to have 

almost similar results to synovial C-reactive protein, having in 

mind that it is a more rapid test and is less costly, it is a good 

option compared with the costs of the synovial C-reactive 

protein detection. The published data regarding the synovial C-
reactive protein shows that each center should establish their 

own cut-off points because as reported by other authors, its 

determination seems to be affected by the method used. Both 

leucocyte esterase and synovial C-reactive protein have high 
diagnostic value for diagnosing prosthetic joint infection. Both 

synovial fluid leukocyte count and the % of neutrophils in the 

synovial fluid maintain their role in the diagnostic of prosthetic 

joint infection. The detection of leucocyte esterase, synovial 
fluid leukocyte count and the % of neutrophils in the synovial 

fluid is reliable and valid being part of the current battery tests 

for the detection of prosthetic joint infections according to the 

new International Consensus on Orthopedic Infections criteria, 
the role of the synovial C-reactive protein still needs to be 

assessed. 
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