
Introduction

Total knee arthroplasty (TKA) relieves knee pain and restores 
joint function and quality of life.

However, infection after TKA is a severe complication that 
often requires surgical intervention and antibiotic treatment1-4). 
Two-stage reimplantation is a widely used surgical intervention 
for infected TKA cases; in these cases antibiotics are selected 

and administered for 2–6 weeks, depending on the cultured 
microorganisms1,5,6). Despite aggressive treatment, success rates 
for this method range from 37.1% to 100% depending on the 
patient’s immunological status, the cultured microorganism, and 
general or local comorbidities of the patient6-10). The use of two-
stage reimplantation is controversial due to discrepancies in the 
reported influence of systemic and local comorbidities on post-
TKA infection. For example, some reports show that general 
comorbidities affect reinfection11,12), whereas others suggest that 
systemic comorbidities do not directly affect the reinfection 
rate13,14). Although there is abundant research on how the reinfec-
tion ratio is affected by specific microorganisms12,13,15,16), few stud-
ies address reinfection ratios in culture negative prosthetic joint 
infections17,18). Additionally, the usefulness of inflammation indi-
ces (erythrocyte sedimentation rate [ESR] and C-reactive protein 
[CRP]) in predicting the rate of reinfection remains controver-
sial19,20). Prosthetic joint infections have increased in prevalence 
over the past few decades; however, despite the importance of 
this complication, only a few studies have investigated post-TKA 
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infection21-23). 
In this study, we identified the prognostic factors for two-stage 

reimplantation performed to treat post-TKA infection and the 
rate of reinfection. We hypothesized 1) that reinfection rates 
would increase in patients with systemic or local comorbidities, 
2) that rates of reinfection would be higher in culture negative 
cases due to the difficulty of using effective antibiotics, 3) and 
that higher hematological inflammation indices (ESR and CRP) 
would affect the reinfection rates.

Materials and Methods

1. Study Group
Our investigation was performed after receiving approval from 

the Institutional Review Board of our hospital. Out of 88 patients, 
we selected 76 subjects diagnosed with infection and treated 
by the two-stage reimplantation following TKA from January 
1998 to January 2011. Of the total 88 patients, 6 did not satisfy 
diagnostic criteria, 4 did not perform the last follow-up visit, 1 
underwent a limb amputation due to necrotizing fasciitis, and 1 
died of exacerbation of an underlying disease; these patients were 
excluded. All operations were performed by a single surgeon 
(Senior Hwang). The average age of the patients was 66.50 years 
(range, 53 to 84 years) and there were 19 males and 57 females. 
The average observation period was 30.3 months (range, 24.2 to 

80.6 months). The following parameters were recorded for each 
subject: height, weight, body mass index (BMI), general and local 
comorbidities, the inflammation indices (ESR and CRP), culture 
test results, and the medical record of the patient after surgical 
treatment prior to reimplantation and then for the duration of 
antibiotic treatment. These data were compared and analyzed be-
tween the patients with reinfection and those without reinfection.

2. Definition of Periprosthetic Infection, Culture Negative 
Periprosthetic Infection, Treatment Failure after TKA, and 
Radiological Evaluation

The patient groups were classified based on the diagnostic 
standard of infection after the artificial joint implantation pro-
posed by the Musculoskeletal Infection Society (MSIS)24), based 
on the definition of treatment failure proposed by Marculescu et 
al.25), and based on the diagnosis standard for the culture negative 
prosthetic joint infection proposed by Osmon et al.1) (Table 1). Pa-
tients with more than three systemic or local comorbidities were 
assigned to the high-risk group and patients with less than three 
systemic or local comorbidities were assigned to the low-risk 
group, as described by the Cierny classification system14). All the 
radiological records of the patients, including anteroposterior and 
lateral images of the knee, were retrospectively reviewed based 
on the Knee Society’s TKA roentgenographic evaluation and 
scoring system proposed by Ewald26). The data were tabulated for 

Table 1. Definition of Terms for the Study of Prosthetic Joint Infection (PJI)

A new definition of PJI

Definition of PJI
    1. A sinus tract communicates with the prosthesis
    2. A pathogen is isolated by culture from two separate tissue or fluid samples obtained from the affected prosthetic joint
    3. Four of the following six criteria exist
        a. Elevated serum erythrocyte sedimentation rate or serum C-reactive protein concentration
        b. Elevated synovial white blood cell count
        c. Elevated synovial neutrophil percentage
        d. Presence of purulence in the affected joint
        e. Isolation of a microorganism in one culture of periprosthetic tissue or fluid
        f. Greater than five neutrophils per high-power field in five high-power field, observed by histologic analysis of periprosthetic tissue at 400 

times magnification
Definition of culture negative PJI

Joint aspiration or intraoperative specimens are negative for aerobic and anaerobic bacteria cultures and purulence surrounds the prosthesis; 
acute inflammation is visible in histopathologic examination at the time of surgery; or sinus tract communication with the prosthesis, with or 
without prior use of antimicrobials, occurs.

Definition of treatment failure
1. Occurrence of PJI resulting from the original microorganism at any time after the surgical procedure (relapse)
2. Occurrence of PJI resulting from a different strain or microorganism (reinfection) at any time after the surgical procedure
3. Presence of acute inflammation in the periprosthetic tissue by histopathologic examination or after a subsequent surgery in the joint
4. Development of a sinus tract
5. Death from prosthesis-related infection or indeterminate clinical failure
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each component based on the width and the extent of associated 
radiolucent depth in millimeters for each zone.

3. Sequential Reimplantation and Antibiotic Treatment 
All patients diagnosed with infection had artificial joints and 

bone cement removed. The cement was meticulously removed 
by three-phase debridement of the bone surfaces, beginning with 
rongeurs, followed by curettes, and completed with a high-torque 
reamer to burr away all surfaces exposed to the cement. Next, the 
infected tissues were delicately debrided and an antibiotic com-
bined with the cement spacer (5 g of gentamicin, 1 g of vancomy-
cin, and 1 g of ceftriaxone per 40 g of cement) was inserted. A full 
cementing technique was employed to cement the tibial and fem-
oral components (cementation of both the undersurface and the 
stem). The combined antibiotic regimens were selected by taking 
into consideration of the data from our institute on high frequency 
multidrug-resistant hospital acquired microorganisms. Antibiot-
ics specific to the cultured microorganisms were intravenously 
injected and oral antibiotics were administered, if required, after 
the surgery. Culture negative prosthetic joint infection patients 
were injected with vancomycin. Two-stage reimplantation was 

performed after the hematological and radiological signs of in-
fection remission were observed. All the patients with revision 
implantation underwent the debridement of necrotic tissue once 
more. We treated all knees using the same protocol and the same 
revision instrument with nonporous, fluted, diaphyseal-engaging 
titanium stems (NexGen Legacy Constrained Condylar Knee; 
Zimmer Inc., Warsaw, IN, USA). An antibiotic combined with 
cement (1 g of vancomycin per 40 g of cement) was used to fix 
the implants into the bone and fill the bone defects.

4. Statistical Analyses 
Independent t-tests were used to compare the demographic 

and treatment groups by analyzing the inflammation indices 
(ESR and CRP) after the insertion of the antibiotic-combined ce-
ment spacer at 1, 2, and 4 weeks, and prior to the reimplantation. 
Reinfection rates were compared and analyzed by positive and 
negative culture depending on the risk group. Chi-square cross 
analyses were performed to compare the reinfection rates of each 
group. Logistic regression analysis was performed to investigate 
the factors responsible for reinfection in the high-risk group, 
identification of microorganisms, the time period for antibiotic 

Table 2. Demographics of Reinfection Group and Non-Reinfection Group

Parameter
Reinfection group

(n=18)
Non-reinfection group

(n=58)
p-value

Age (yr) 68.1±7.1 (55–81) 66.0±7.1 (53–84) 0.272

Sex (M:F) 3:15 16:42 0.350

Height (m) 1.6±0.1 (1.5–1.7) 1.6±0.1 (1.5–1.7) 0.196

Weight (kg) 58.8±7.9 (50–75) 59.2±7.2 (47–77) 0.850

BMI (kg/m2) 22.5±1.8 (20.0–25.4) 22.1±1.7 (18.8–26.6) 0.384

Revision interval (wk) 15.6±4.9 (4–174) 14.7±4.1 (5–126) 0.707

Period of antibiotic treatment (day) 56.1±20.5 (49–199) 60.6±18.6 (26–172) 0.183

Follow-up period (mo) 29.2±15.3 (24–56) 33.4±8.1 (24–80) 0.000

Values are presented as mean±standard deviation or number (range).
BMI: body mass index.

Table 3. Presence of Radiolucency in the Knees with Periprosthetic Infection according to Radiographic View and Zone of Implant

Radiograph
Zone

1 2 3 4 5 6 7

Tibia

    Anteroposterior view 8 (29.6)   3 (11.1)    2 (7.4) 4 (14.8) 0 (0) 0 (0) 0 (0)

    Lateral view 4 (14.8) 2 (7.4) 0 (0)

Femur

    Lateral view 2 (7.4) 0 (0) 0 (0) 2 (7.4) 0 (0) 0 (0) 0 (0)

Values are presented as number (%).
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use, age, CRP levels, and ESR. SPSS ver. 18.0 (SPSS Inc., Chicago, 
IL, USA) was used for statistical analyses and statistical signifi-
cance was defined as a p-value of less than 0.05.

Results

1. Demographic and Radiographic Data
Of the 76 patients who underwent a two-stage reimplantation, 

58 individuals (76.3%) had no reinfection and 18 individuals 
(23.7%) had reinfection after the two-stage reimplantation. No 
significant differences were found between the two groups with 
regard to age, gender, height, weight or BMI, or treatment method, 
the different time period between surgical debridement and re-
implantation, and the extent of antibiotic use (Table 2). High rates 
of radiolucent areas were observed in the knees of the patients at 
the time of the diagnosis of periprosthetic infection (Table 3).

2. Comparison of Reinfection Rates according to Comorbidities, 
Culture Test Results, and Inflammation Indices

The risk of reinfection was higher in those with the more sys-

Table 4. Logistic Regression Analysis of the Influence of Comorbidities 
on Reinfection 

Variable
Odds ratioa)

(95% CI)
p-value

Comorbidities (more than three) 3.27 (2.701–3.839) 0.037

ESR (mm/hr) 1.34 (1.212–1.468) 0.037

CRP (mg/L) 1.04 (1.022–1.058) 0.031

CI: confidence interval, ESR: erythrocyte sedimentation rate, CRP: 
C-reactive protein.
a)Odds ratios are adjusted for age, period of antibiotic treatment (days), 
culture results, and duration of follow-up.

Table 5. Systemic and Local Comorbidities according to the Cierny 
Classification

Comorbidities
Reinfection 

(n=18)
Non-reinfection 

(n=58)
p-value

Systemic comorbidities

    Age>70 (yr) 8 18 0.233

    Obesity (BMI>23 kg/m2) 8 16 0.384

    Diabetes 12 10 0.000

    Steroid therapy 0 2 0.425

    Tumor 0 2 0.325

    Alcohol abuse 0 2 0.425

    Chronic hypoxia 4 3 0.210

    Rheumatoid arthritis 4 0 0.000

    HTNa) 8 14 0.077

    CKDa) 4 2 0.010

Local comorbidities

    Chronic lymphedema 0 0 -

    Venous stasis 1 3 0.949

    Phlebitis 2 3 0.375

    Peripheral arterial disease 0 0 -

    Extensive scarring 3 2 0.375

    Post-radiation fibrosis 0 0 -

BMI: body mass index, HTN:  hypertension, CKD: chronic kidney disease.
a)HTN and CKD are originally excluded from Cierny classification but 
included in our study as comorbidities.

Table 6. Identified Microorganisms and Administered Antibiotics

Organism Antibiotics N Percent

Staphylococcus aureus Cephalosporin or nafcillin or vancomycin±ripamfin 17 22.4

Staphylococcus epidermidis Cephalosporin or nafcillin or vancomycin±ripamfin 11 14.5

Staphylococcus lugdunensis Cephalosporin or nafcillin or vancomycin±ripamfin 1 1.3

Steptococcus species Cephalosporin or penicillin or ampicillin+sulbactam or vancomycin 3 3.9

Enterococcus species Cephalosporin or penicillin or vancomycin 4 5.3

Pseudomonas aerusinosa Piperacillin & tobramycin 3 3.9

Escherachia coli Cephalosporin 1 1.3

Serratia marcescens Cephalosporin 1 1.3

MRSA Vancomycin±ripamfin or teicoplanin or linezolid±ripamfin 10 13.2

MRSE Vancomycin±ripamfin or teicoplanin or linezolid±ripamfin 2 2.6

Multiple organisms Vancomycin 1 1.3

Culture negative Vancomycin±rifampin 22 29.0

MRSA: methicillin-resistant Staphylococcus aureus, MRSE: methicillin-resistant Staphylococcus epidermidis.
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temic and local comorbidities and higher inflammation indices 
(ESR and CRP) determined by the logistic regression analysis 
(Table 4). Of the 76 patients that underwent the reimplantation, 
36 had systemic comorbidities, 22 had hypertension, 22 had dia-
betes, 2 had liver disease, 6 had renal disease, 2 had Cushing syn-
drome, 2 had tumors, 7 had chronic obstructive pulmonary dis-
ease, and 4 had rheumatoid arthritis. The local comorbidities in 
the patients consisted of deep vein thrombosis (4 patients), phle-
bitis (5 patients), and scars around the surgical area (5 patients) 
(Table 5). Of the 34 high-risk patients with more than three sys-
temic or local comorbidities, 16 experienced reinfection (47.1%). 
Out of the 42 patients in the low-risk group, 2 experienced rein-
fection (4.8%). The high-risk group had a significantly higher re-
infection rate than the low-risk group (p=0.032). Staphylococcus 
aureus (S. aureus) was cultured in 17 patients (22.4%) and Staph-
ylococcus epidermidis was cultured in 11 patients (14.5%). Methi-
cillin-resistant Staphylococcus aureus (MRSA) was cultured in 10 
patients (13.2%) and 22 patients (29%) had negative culture tests 
(Table 6). Microorganisms were identified in 16 out of 18 patients 
(88.9%) with reinfection after the reimplantation, and in 38 out 
of 58 patients (65.5%) without reinfection after reimplantation. 
There was no statistical difference in reinfection rates depending 
on the culture test results (p=0.056). Inflammation indices (ESR 
and CRP), measured at 1, 2, and 4 weeks after the first-stage op-
eration and before the reimplantation, were significantly higher 
in the reinfection group than in the group without reinfection at 
4 weeks and before reimplantation: 30.7 vs. 22.1 (p=0.043) and 
5.4 vs. 4.1 (p=0.034), respectively, after the first-stage operation 
and 19.3 vs. 13.7, (p=0.009) and 5.0 vs. 3.1 (p<0.05), respectively, 
before reimplantation (Fig. 1).

Discussion

One of the most important findings of this study is that the 
high-risk group with more than three systemic and local co-
morbidities had high reinfection rates after the two-stage reim-
plantation. Another important finding is that the reinfection 
group showed significantly higher ESR and CRP at 4 weeks after 
the first-stage operation and before reimplantation than the 
non-infection group. However, the risk of reinfection was not 
significantly different between groups with different culture re-
sults after the two-stage reimplantation. In accordance with our 
hypothesis predicting that reinfection rates would increase with 
the presence of more systemic or local comorbidities in patients 
undergoing two-stage reimplantation, we showed that the high-
risk group had higher reinfection rates (p=0.032). The prevalence 
of diabetes (67% vs. 17%, p<0.001), rheumatoid arthritis (22% vs. 
0%, p<0.001), and chronic kidney diseases (22% vs. 3%, p=0.010) 
showed statistically significant differences between the reinfec-
tion and non-reinfection groups. These comorbidities also have 
clinical significance, which requires careful attention prior to and 
following the surgery. Jamsen et al.11) stated that high blood glu-
cose level before reimplantation is an important risk factor in pa-
tients who are not diagnosed as obese or diabetic. Recently, how-
ever, Tigani et al.14) mentioned that a single systemic comorbidity 
does not affect the reinfection rates, but three or more systemic 
and local comorbidities result in higher reinfection rates. Kubista 
et al.13) also reported that diabetic patients experienced higher re-
infection rates, but the difference was not statistically significant. 
It remains controversial whether systemic or local comorbidities 
affect reinfection; however, our study showed that the high-risk 
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group with more than three systemic or local comorbidities expe-
rienced higher reinfection rates than the low-risk group. There-
fore, it is not only essential to manage systemic comorbidities, but 
also to pay deliberate attention to the local comorbidities.

Our second hypothesis predicted that without microorganism 
identification, patients would show higher reinfection rates due 
to the possibility of using nonspecific antibiotics; however, our re-
sults indicate that culture test results do not affect the reinfection 
rates. Previous studies reported that it is difficult to treat infected 
reimplantations due to drug resistant microorganisms15,16). How-
ever, Kubista et al.13) reported that there was no difference in rein-
fection rates between those infected with drug resistant bacteria 
and those infected with non-resistant bacteria. They also showed 
that treatment with cefazolin resulted in lower reinfection rates 
thanthe treatment with vancomycin, because vancomycin is less 
potent than cefazolin. Cierny and DiPasquale12) reported that the 
virulence of microorganisms does not affect reinfection rates. 
Several studies address the effect of microorganisms on reinfec-
tion rates; however, the risk for reinfection depending on the 
identification of microorganism is less commonly reported. In 
fact, there is no standard treatment protocol for culture negative 
prosthetic joint infections; therefore, cephalosporin, which targets 
S. aureus, the most common pathogenic microorganism, is used; 
otherwise, vancomycin, a glycopeptide, is used when nosocomial 
multi-drug resistant microorganisms are present after long-term 
antibiotic therapy27). Alternatively, an organism-specific antibiotic 
is used for positive culture results. Culture negative prosthetic 
joint infections are diagnosed by standards proposed by Berbari 
et al.17) of the Infectious Disease Society of America; however, 
there are no standardized protocols for antibiotic treatment of 
culture negative prosthetic joint infections. In fact, the Berbari et 
al.17) study focused only on the efficacy of using vancomycin in 
drug resistant and combined bacterial infections. Another study 
by Marschall et al.28) used intravenous vancomycin injection in 
79% of the patients with culture negative prosthetic joint infec-
tions. They also used vancomycin for single intravenous antibi-
otic treatment in order to target commonly identified S. aureus 
and MRSA, and in the case of combined intravenous antibiotic 
treatment, they combined vancomycin with quinolones, which 
are effective for treating gram negative bacteria. Marschall et al.28) 
defined the period of antibiotic usage based on the blood test 
results and clinical symptoms, and found that the period of usage 
between the culture positive group (mean, 60.8±23.3 days) and 
the culture negative group (mean, 58.8±27.8 days) was not statis-
tically different. In this study, comparison of the rate of reinfec-
tion depending on culture test results indicated no difference in 

reinfection between the group using vancomycin and the group 
given sensitive antibiotics (p=0.056). 

Even though many methods have been used to diagnose infec-
tion after prosthetic joint implantation, a clear diagnosis, which 
may assist in decision-making prior to the operation, is difficult 
to obtain. Recent studies report that inflammation indices (ESR 
and CRP) increase after TKA and become normalized between 
roughly 3 weeks to 2 months29). Levitsky et al.20) suggested that 
CRP should be used to predict infection because it has higher 
sensitivity and specificity than ESR, the more widely used diag-
nostic measure. In this study, we measured ESR and CRP using a 
hematologic test at the time of the primary operation before reim-
plantation and at 1, 2, and 4 weeks before the reimplantation. The 
inflammatory indices of 76 patients gradually decreased from the 
time of the primary operation until the second reimplantation. In 
addition, each set of indices measured 4 weeks after and before 
the first-stage operation presented statistically significant differ-
ences between the group with successful treatment and the group 
with the reinfection. This indicates that the inflammation indices 
(ESR and CRP) at 4 weeks after the first-stage operation and be-
fore reimplantation were significantly higher in the group with 
failed treatment, and that the incidence of reinfection increased. 
This confirms our final hypothesis that the reinfection rates are 
higher in individuals with high inflammatory indices measured 
in the antibiotic-combined cement spacer filling for reimplanta-
tion. Unfortunately, it is difficult to judge the infection remission 
by merely comparing inflammation indices due to the small 
differences in the absolute figures, which do not possess clini-
cal significance despite statistical significance of inflammation 
indices between the two groups. Therefore, it is most effective to 
judge after the comparison and analysis of several measurements 
by considering the various factors that may affect reinfection rate. 
Inflammatory indices should be considered as a univariate factor. 

There are several limitations to consider in the present study. 
First, this study is a retrospective analysis which, despite the 
authors’ efforts, has a certain amount of selection bias. Second, 
it was difficult to perform precise statistical analyses due to the 
small sample size of the group with reinfection after two-stage 
reimplantation; this is due to the retrospective study design and 
because surgeries were performed at a single center. For more 
precise results, large-scale studies need to be performed by multi-
center organizations. Third, this study failed to completely rule 
out the possibility of reinfection, which may occur later than the 
short period of observation performed here. Last, we do not pro-
pose clear diagnostic standards for infection remission in the in-
fected prosthetic joint, and do not compare the clinical function 
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of the prosthetic joint after the two-stage reimplantation. 

Conclusions

Reimplantation must be carefully performed when the risk 
of reinfection is high, particularly in patients with more than 
three systemic or local comorbidities and higher inflammation 
indices (ESR and CRP) prior to revision TKA. Our study can aid 
surgeons in counseling patients regarding their prognosis when 
faced with the two-stage reimplantation for infected TKA, and 
provide a basis for future studies. 
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