
Introduction 

Infection after total knee arthroplasty (TKA) is a potentially 
fatal condition that may lead to a number of complications and 
it is not easy to cure. The increasing frequency of TKA in the 
growing elderly population has resulted in a rise in the incidence 
of postoperative infection1,2). Infection following TKA can be cat
egorized by the Tsukayama classification as infection with culture 

positive during revision arthroplasty (type I), early postoperative 
infection (type II), acute hematogenous infection (type III), and 
late chronic infection (type IV). Of these, type II and III infec
tions are known to occur within four postoperative weeks and 
considered as indications for open debridement and polyethylene 
exchange (ODPE)3,4). 

However, outcomes of ODPE in type II and III infections vary 
widely among studies. Successful outcomes of ODPE were re
ported by Gardner et al.5) in 2011 in 11 out of 21 cases (43%) with 
a mean symptom duration of 8.4 days (range, 2 to 28 days); Cobo 
et al.6) in 2011 in 67 out of 117 cases (57.3%) within 30 days after 
TKA; Holmberg et al.7) in 2015 in 109 out of 145 cases (75%) with 
a mean symptom duration of 4 days (range, 1 to 32 days) and 
within an average of 23 days (range, 2 to 357 days) after TKA; 
and Koh et al.8) in 2015 in 32 out of 52 cases (71%) with a mean 
symptom duration of 8 days (range, 4 to 26 days) for Tuskayma 
type III and within 8 days (range, 6 to 80 days) after TKA for 
Tsukayma type II. Schoifet and Morrey9) stated that the success 
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rate of ODPE was strongly associated with the period between 
symptom expression and the procedure in Tsukayama type III 
infection and with the period between TKA and the procedure 
in Tsukayama type II infection. Some researchers reported par
ticularly low success rates of ODPE performed within four weeks 
after symptom onset of Tsukayama type III infection despite it 
being the conventional indication for the procedure6,10,11).

In this study, we hypothesized that it would be possible to obtain 
a good outcome of ODPE in Tsukayma type III infection cases by 
using a shorter duration of symptoms as an indication than the 
conventional criterion of within four weeks. Thus, we performed 
ODPE within five days after the onset of symptoms for Tsukayma 
type III infection whereas we strictly adhered to the existing cri
terion of four weeks for Tsukayma type II infection. The purpose 
of this study was to evaluate the success rate and usefulness of 
ODPE performed using these criteria, and identify factors associ
ated with treatment failure.

Materials and Methods

1. Materials
Among patients who underwent TKA from January 2010 to 

January 2014, ODPE was performed in 25 cases (23 patients) 1) 
with acute hematogenous infection (Tsukayama type III infec
tion) strictly within five days after the symptom onset, 2) with 
Tsukayama type II infection strictly within four weeks after TKA, 
and 3) with no radiological finding of prosthesis loosening or 
osteomyelitis. From 2010 to 2011, the diagnosis of infection was 
based on clinical symptoms with joint fluid analysis, erythrocyte 
sedimentation rate (ESR), and Creactive protein (CRP) as sug
gested by Tsukayama et al.3). Since 2012, the criteria for peripros

thetic joint infection presented by the Musculoskeletal Infection 
Society in the United States have been used for the diagnosis of 
infection12) (Table 1).

The average patient age was 70.8 years (range, 35 to 86 years) 
and there were five males and eighteen females. Thirteen patients 
(56%) had histories of immunecompromising comorbidities 
including diabetes mellitus, chronic kidney disease, and rheuma
toid arthritis (RA). The underlying diseases were quantified using 
the Charlson comorbidity index (CCI), and the mean score was 
3.75 points (range, 2 to 6 points). In four cases, the indication for 
TKA was identified as RA rather than osteoarthritis. The aver
age followup period was 29.4 months (range, 24 to 35 months). 
The average body mass index was 26.52 kg/m2. Ten cases were 
classified as Tsukayama type II infection that was identified at a 
mean of 17.4 days (range, 4 to 28 days) after TKA and 15 cases as 
Tsukayama type III infection with mean symptom duration of 3.3 
days (range, 1 to 5 days).

This study was approved by the Institutional Review Board of 
the corresponding author’s hospital (YUMC 201609015).

2. Surgical Technique and Antibiotic Treatment
A midline skin incision was made along the previous incision 

line using an anteromedial approach to expose the infected joint. 
Wide debridement and irrigation were performed for all infected 
or necrotic tissues, followed by complete synovectomy to the pos
terior capsule with the polyethylene removed (Fig. 1). Bacteria 
from the synovial fluid, joint capsule, and synovial sheath were 
cultured intraoperatively. After irrigation performed using more 
than 10 L saline solution, the patient was surgically draped again, 
and all surgical staff had their gloves and gowns changed before 
using new instruments. The existing polyethylene was replaced 

Table 1. Definition Criteria of Periprosthetic Joint Infection (PJI) Presented by the American Musculoskeletal Infection Society

PJI is considered present when one of the major criteria exists or four out of six minor criteria exist

Major criteria

   (1) There is a sinus tract communicating with the prosthesis

   (2) A pathogen is isolated by culture from at least two separate tissue or fluid samples obtained from the affected prosthetic joint

Minor criteria

   (a) Elevated serum erythrocyte sedimentation rate and serum Creactive protein concentration

   (b) Elevated synovial leukocyte count 

   (c) Elevated synovial neutrophil percentage (polymorphonuclear leukocyte)

   (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 highpower field in five highpower fields observed from histologic analysis of periprosthetic tissue at 9,400 
magnification
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by a thicker one (3.47 mm on average), and additional irrigation 
was performed. The procedure ended with insertion of drainage, 
followed by wound suture. The average surgery time was 104.58 
minutes (range, 65 to 135 minutes), and drains were removed 3.91 
days after the procedure on average (range, 1 to 10 days).

After consultation with the Infection Department of Internal 
Medicine, a broad spectrum antibiotic therapy was prescribed, 
and the antibiotics were changed according to the results of aspi
rated synovial fluid culture and intraoperative culture. Rifampin 
was used when Staphylococcus aureus was detected. In culture
negative cases, vancomycin and third generation cephalosporins 
that can control the grampositive and negative bacteria were 
used.

All patients received intravenous antibiotics treatment for at 
least four weeks according to the general treatment protocol. If 
the results of serologic tests (ESR and CRP) and physical exami
nation showed no evidence of further infection, the intravenous 
antibiotic therapy was ceased, and oral antibiotics were admin
istered for two weeks. If it was determined that the patient did 
not respond to the prescribed antibiotics in serial blood tests and 
clinical examination, the antibiotics were changed to different 
types to which the isolated bacteria were sensitive. The aver
age duration of the intravenous antibiotic therapy was 33.8 days 
(range, 28 to 46 days).

Postoperative protocol was slightly modified for each patient, 
but typically, knee range of motion exercises were started one 
week after surgery. After discharge, followups were scheduled 
at two weeks, one month, three months, and six months, and 
then routinely once a year in the outpatient department. At each 
outpatient visit, the patient underwent clinical knee examination, 
ESR and serum CRP level tests, and radiographic examination, 
and they were checked for infection recurrence. If a recurrence 
was suspected, a joint fluid analysis was immediately performed 

for confirmation.

3. Assessment and Analysis of Results
Treatment failure was defined as: 1) patient death before the 

end of antibiotic treatment; 2) need for antibiotic therapy for 
continuous infection (elevated serum ESR, serum CRP, synovial 
leukocyte count, and neutrophil percentage, and maintained pu
rulence in the affected joint); and 3) need for another surgery of 
debridement or twostage revision arthroplasty due to infection 
recurrence.

To analyze risk factors for treatment failure, identified bacte
ria, history of accompanying diseases, infection status, and the 
amount of heterogenous materials (constrained type of compo
nent, rod, wedge, or other additional fixation materials) were 
analyzed. As possible covariates or confounders, patient age, CCI, 
preoperative diagnosis of RA and the results of primary blood 
test and joint aspiration test (ESR, CRP, synovial leukocyte count, 
and synovial neutrophil percentage) were investigated. To assess 
the efficacy of ODPE, the Lysholm score and the Korean Knee 
score (KKS) were examined at the final followup visit, and the 
range of motion of the knee joint and total duration of hospital
ization were also assessed. 

ODPE often requires more aggressive debridement since infec
tion needs to be controlled by the onestage procedure unlike 
in the twostage revision arthroplasty. Since a loss of soft tissue 
balance following such aggressive debridement may result in an 
alignment change, postoperative alignment changes were mea
sured. A modified Figgie’s method was used to assess changes in 
the joint line and the method of the American Knee Society was 
used to assess changes in the joint alignment13). All clinical and 
radiological assessments were performed by the same researcher.

Intergroup comparison was made using MannWhitney test 
at the p<0.05 significance level, and Fisher exact test and logistic 

Fig. 1. Intraoperative photographs show
ing complete synovectomy to the posterior 
capsule with polyethylene removed.
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regression analysis were carried out to analyze the factors associ
ated with treatment failure (SPSS ver. 16.0; SPSS Inc., Chicago, IL, 
USA). 

Results

A high treatment success rate (88.0%) was obtained: the treat
ment was successful in 22 out of 25 cases (successful treatment 
group). Three patients underwent twostage revision arthroplasty 
following ODPE due to treatment failure (treatment failure 
group), and other complications were not found in them. In 
knees with Tsukayma type II infection (n=10), the treatment suc
cess rate was 100%. In knees with Tsukayma type III infection 
(n=15), the procedure was successful in 80% (n=12), and thus all 
treatment failures occurred in knees with type III infection. How
ever, the difference in the treatment success rate between type II 
infection cases and type III infection cases was not statistically 
significant (p=0.253).

In the treatment failure group, periprosthetic infection in the 
ipsilateral foot was found in one case and cervical parotid abscess 
and masticator space abscess were detected in another case (Figs. 
2 and 3). No accompanying infection was found in the successful 
treatment group. Although the treatment failure group was small, 
the difference in the incidence of infection between the groups 
was statistically significant in the Fisher exact test (p=0.010). 
Heterogeneous materials included a constrained type compo
nent, rod, and internal fixation material implanted for previous 
periprosthetic fracture in one case in the treatment failure group 
and a constrained type component with rod in one case in the 

successful treatment group (Fig. 4), showing no statistically sig
nificant intergroup difference (p=0.230).

Bacterial culture results are presented in Table 2. Twelve cases 
were culturenegative, and four types of resistant bacteria were 
identified in the successful treatment group postoperatively, 
but no resistant bacteria were identified in the treatment failure 
group. There was no notable difference in the treatment success 

Fig. 2. Preoperative anteroposterior radiograph (A) and intraoperative 
photograph (B) showing periprosthetic infection in the ipsilateral foot in 
a treatment failure case.

A B

Fig. 3. Computed tomography of the neck showing accompanying cervi
cal parotid abscess and masticator space abscess in a treatment failure 
case.

Fig. 4. Preoperative anteroposterior (A) and lateral (B) radiographs 
showing a constrained type component and internal fixation due to pre
vious periprosthetic fracture in a treatment failure case.

A B
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rate between infections caused by resistant bacteria and those 
caused by nonresistant bacteria (p=1.002) (Table 2).

TKA was performed due to RA in two of 22 cases in the suc
cessful treatment group and in two of three cases in the treatment 
failure group, showing a statistically significant intergroup dif
ference (p=0.048). The patient age, ESR, CRP, synovial leukocyte 
count, and synovial neutrophil percentage showed no significant 
differences between groups (Table 3). In logistic regression analy
sis, there were no factors associated with treatment failure. In the 
successful treatment group, the mean Lysholm score was 81.4, 
and the mean KKS was 79.4, but the mean socioemotional score 
of KKS was low with 18.8 points. The mean range of motion of 
the knee joint was 115.4°±12.9°, and the mean duration of hos
pitalization was 32.3±8.4 days. Radiographic assessment showed 
3.47±1.56 mm elevation of the joint line and a valgus change of 
0.61°±2.35° in knee alignment.

Discussion

For the treatment of infection after TKA, twostage revision 
arthroplasty has been widely performed as an optimal standard
ized method yielding a success rate ranging from 85% to 95%14,15). 
However, Masters et al.16) reported soft tissue stiffness and de
creased mobility during the period between the two procedures. 
Hart and Jones17) observed a long duration of hospitalization and 
antibiotic therapy following twostage revision arthroplasty. Odu
wole et al.18) reported a heavy financial burden of the twostage 
revision procedure. Although ODPE is reportedly less success
ful (success rate, 57%–75%)10), it is less likely to cause soft tissue 
stiffness and decreased mobility, requires a shorter duration of 
hospitalization and antibiotic therapy, and causes less financial 
burden than one or twostage revision arthroplasty18). Therefore, 
if ODPE can be successfully performed on selected patients with 
proper indications, it will be beneficial for the treatment of infec
tion after TKA in many respects.

In this study, ODPE showed a high treatment success rate of 
88%. Despite the low socioemotional scores, satisfactory results 
were obtained in terms of the KKS and Lysholm scores and range 
of motion of the knee joint. In addition, duration of hospitaliza
tion was short, and good radiographic results were obtained.

Based on the research results, we propose the following prin
ciples for ODPE. First, ODPE should be performed within ‘five 
days’ after the onset of symptoms before definite biofilm forma
tion. In an in vivo study of the silastic subdermal implant colo
nized with Pseudomonas aeruginosa, it was reported that biofilm 
was enclosed in a fibrous capsule at week 419). Similarly, biofilm 
infection was observed at week 4 in an in vivo study of the Da
cron graft colonized with Staphylococcus epidermidis20). However, 

Table 2. Identified Bacteria in Both Groups 

Treatment success group Treatment failure group

Identified bacteria Case Identified bacteria Case

MRSA 1 MSSA 1

MRSE 2 Streptococcus 1

IRAB 1 Enterobacter 1

MSSA 1

Polymicrobial 1

Streptococcus 4

No growth 12

MRSA: methicillinresistant Staphylococcus aureus, MSSA: methicillin
sen si tive Staphylococcus aureus, MRSE: methicillinresistance Streptococcus 
epidermidis, IRAB: imipenemresistant Acinetobacter baumannii.

Table 3. Comparison of Possible Associated Factors between Treatment Success group and Treatment Failure Group

Variable Treatment success group (22 cases) Treatment failure group (3 cases) pvalue

Age (yr) 71.0 (35–86) 70.7 (63–76) 0.335

ESR (mm/h) 96.0 (44–120) 85.2 (40–103) 1.000

CRP (mg/L) 17.79 (1.62–33.11) 19.27 (0.19–30.38) 0.190

Synovial leukocyte count (/μL) 58,663 (1,750–328,000) 67,700 (1,800–150,000) 0.089

Synovial neutrophil percentage (%) 90.38 (60.00–100.00) 85.75 (80.00–90.00) 0.115

Accompanying infection 0 2 (ipsilateral foot periprosthetic infection,  
cervical parotid abscess)

0.010

Amount of foreign material 1 (constrained type component) 1 (constrained type component and internal  
fixation due to previous periprosthetic fracture)

0.230

Rheumatoid arthritis 2 2 0.048

Resistant bacteria 4 0 1.000

ESR: erythrocyte sedimentation rate, CRP: Creactive protein.
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considering that the most common bacterial strain in infection 
following orthopedic arthroplasty is more virulent Staphylococ-
cus aureus, which stabilizes and enhances biofilm construction 
on the corrosion product of metal implant surfaces, it is difficult 
to apply those results to orthopedic arthroplasty21). Recently, in 
2015, Jorgensen et al.22) conducted an in vivo study of biofilm for
mation of Staphylococcus aureus on the pin implant and reported 
that inconclusive biofilm clusters started to be observed on day 
4 after implantation. They consistently found biofilms colonized 
on pins from day 6 onwards. Thus, they questioned the conven
tional definition of early infection, defined as infection occurring 
within three weeks. Koh et al.8) reported that when the symptom 
duration was two weeks or longer, the success rate of ODPE was 
20%, and when it was one week or shorter, a high success rate 
of 78% was observed. In the current study, we obtained a high 
success rate of 80% in the case of Tsukayama type III infection 
treated within five days of symptom duration. Therefore, for 
Tsukayama type III infection, we think it is necessary to apply a 
stricter and more specific standard rather than the conventional 
extensive period of ‘within three to four weeks after symptom 
onset’. We used ‘within five days after symptom onset’, before bio
film formation, as the criterion, considering that a high success 
rate can be expected when surgical management and antibiotic 
therapy are performed before biofilm formation2224). Similarly, in 
Tsukayama type II infection, we recommend that ODPE be per
formed within five days from the onset of the infection symptom, 
not the usual postoperative symptom, rather than within four 
weeks after TKA. Even in the case of intraoperative or early post
operative infection, bacteria may have an occult period according 
to host immunity and pathogen virulence until they successfully 
reach and adhere to the implant, begin their programs for self
preservation (transformation, communication, invasion produc
tion, and biofilm construction), and trigger an immune response 
with inflammation21). Therefore, we suggest that better results of 
ODPE can be expected in Tsukayma type II if the procedure is 
performed within five days after the symptom onset, rather than 
being delayed until four weeks after TKA. In our study, we found 
that the symptom duration averaged 4.25 days (range, 3 to 9 days) 
in all successful treatment cases of type II infection. However, 
further research is necessary to validate our suggestion for using 
the symptom duration of five days as the indication for ODPE 
in type II infection. Furthermore, the conventional Tsukayma 
classification is believed to require a revision or subdivision con
sidering the current situation where causative organisms acquire 
more virulence and resistance while immunocompromised older 
patients are increasing.

Second, preoperative examination to detect accompanying 
infection will contribute to more successful treatment of ODPE. 
Of the three treatment failure cases, two were accompanied by 
other infection (ipsilateral foot periprosthetic infection in one 
case and cervical parotid abscess and masticator space abscess in 
the other). The incidence of accompanying infection was statisti
cally significantly high in the treatment failure group compared 
to that in the successful treatment group. Since other accompa
nying infections may be masked by TKA infection, they may be 
overlooked and remain unaddressed before ODPE. However, a 
failure to completely remove the infection source would increase 
the possibility of recurrence. This has not yet been established in 
the literature, and thus further research is warranted.

Third, although no statistical significance was found, it appears 
prudent to check the amount of heterogeneous substances before 
ODPE. In this regard, Holmberg et al.7) reported a lower success 
rate when prosthetic materials and heterogeneous substances ac
companied the procedure. In our study, one case out of total 22 
cases in the successful treatment group had a constrained type. 
However, in the treatment failure group, since internal fixation 
was added, more heterogenous materials were involved due to 
the screw and Kwire, and we suspect that this could have af
fected treatment failure.

Fourth, TKA performed on RA patients raises the risk of failure 
of ODPE, so two stage revision arthroplasty should be considered 
as an option in such a case based on consultation with the pa
tient. Lee et al.25) found through a metaanalysis that the deep in
fection rate and revision rate were significantly higher in patients 
who underwent TKA because of RA. In our study, we also found 
that RA was a significant failure factor.

Fifth, proper postoperative antibiotic therapy is expected to 
enhance treatment success. Vilchez et al.26) reported that the 
use of rifampin increased the rate of treatment success when 
Staphylococcus aureus was detected. Holmberg et al.7) combined 
rifampin in the antibiotic therapy when Staphylococcus aureus 
was identified. Koh et al.8) used isolated microorganism specific 
antibiotics with either rifampin or fluoroquinolone that targets 
biofilms. These studies showed high success rates (75% and 71%, 
respectively). Similarly, in our study, as soon as the growth of 
Grampositive cocci was detected, rifampin and vancomycin 
were additionally used, and suitable antibiotics were chosen ac
cording to the bacteria isolated from synovial and wound culture. 
Therefore, we believe that the antibiotic therapy contributed 
to the treatment success in the two cases where Staphylococ-
cus aureus was identified. In this regard, Vasso et al.27) reported 
that when resistant bacteria are involved, treatment outcomes 
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certainly appear less reliable, with increased possibility of treat
ment failure and higher rates of implant loss. In our study, when 
resistant bacteria were isolated, appropriate antibiotics which the 
bacterial strains are susceptible to were administered as soon as 
possible, and when it was determined on the basis of serial blood 
tests and clinical examinations that the patient did not respond to 
the antibiotics, the antibiotics were replaced with those which the 
bacteria are sensitive to. In the cases where methicillinresistant 
Staphylococcus aureus isolation was successful in the treatment 
success group, vancomycin and rifampin were initially used, but 
there was no progress in the ESR and CRP blood test results for 
one week. Thus, the antibiotics were changed to linezolid, which 
was effective. However, further study is required to determine 
exactly when antibiotics should be changed or what degree of 
progress in the treatment indicates the need to change antibiotics. 

In this study, 12 (48%) of the cases were culturenegative, which 
was relatively high considering that the incidence of negative 
culture in most infection series ranges from 0% to 25%28,29). How
ever, Kim et al.29) reported that there was no difference between 
the culturenegative and culturepositive infection groups in 
terms of infection control and maintenance of functional status. 
Choi et al.30) reported that a rather higher treatment success rate 
was obtained in the culturenegative infection group through the 
high dosage use of vancomycin and additional surgical treatment. 
In our patients, vancomycin and thirdgeneration cephalosporin 
were extensively used in the case of culturenegative infection as 
well. Thus, although the large number of negative cultures does 
not appear to have affected the rate of treatment success or other 
results significantly, it has to be elucidated in further studies. 

This study has some limitations. It is retrospective research in
volving a small number of patients in a single institution and the 
treatment failure group was relatively small, rendering statisti
cal comparison difficult. It is, therefore, necessary to conduct a 
multicenter, prospective research in a larger number of patients. 
In addition, the followup period of some patients was only 24 
months, which was short for assessing the possibility of recur
rence. Last, this study included only the ODPE group, lacking 
evaluation of its usefulness through comparison with other pro
cedures such as twostage revision arthroplasty. In this regard, 
it is considered necessary to conduct further research including 
control groups in the future.

Conclusions

We recommend that ODPE be performed in combination with 
proper antibiotic therapy in selected patients with less than ‘five 

days’ of duration of symptom in the case of Tsukayma type III 
and Tsukayma type II infections. We also suggest that the fol
lowing factors should be considered to obviate treatment failure, 
such as the presence of accompanying infection, diagnosis of RA 
prior to TKA, and the amount of heterogeneous substances. We 
believe that ODPE can be a useful method for successful infec
tion treatment following TKA in addition to functional improve
ment, higher subjective satisfaction, and shorter hospitalization 
period.
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